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Abstract It is shown that homogeneous plane symmetric string cosmological model for
Takabayasi string i.e. ρ = (1 + ω)λ does not exist in Barber’s second self creation theory.
Further it is found that the string cosmological model in this theory exist only when ω = 0.
Therefore model for ρ = λ (geometric string) is constructed. Some physical and geometrical
properties of the model are discussed.
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1 Introduction

In recent years researchers have lot of interest in the cosmological consequences of line like
topological defects called cosmic strings, which may be produced during phase transition in
the early universe [13, 15, 40, 41, 43]. Such strings would produce density fluctuations on
very large scales and may be responsible for the formation of galaxies [14]. Zeldovich [47]
and Vilenkin [42] studied the evolution of the network of strings formed in the early universe
and pointed out that the gravitational effects of cosmic strings are responsible for creation of
galaxies and clusters. Letelier [19] and Stachel [34] studied the gravitational effect of cosmic
strings in general theory of relativity. Letelier [20] constructed string cosmological models
in Bianchi type I and Kantowski–Sachs spacetimes. Banerjee et al. [3] constructed Bianchi
type I string cosmological models in the presence and absence of a source free magnetic
field. Krori et al. [17] obtained exact solutions of the Einstein’s field equations for Bianchi
type II, VI0, VII and IX spacetimes in the presence of cosmic strings. Chakraborty [10, 11],
Chakraborty and Chakraborty [12], Nevin [24], Tikekar and Patel [36], Ram and Singh [27],
Bhattacharya and Karade [6], Tikkekar et al. [37], Kilinc and Yavuz [16], Yavuz and Tarhan
[46], Baysal et al. [5], Bali and Dave [1], Singh [31], Bali and Upadhaya [2] and Wang
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[44, 45] are some of the authors who have investigated various aspects of cosmic strings in
general theory of relativity. Moreover Krori et al. [18] pointed out that cosmic strings do not
occur in Bianchi type-V space-time.

Einstein’s General theory of relativity has many controversies. Therefore many authors
proposed various alternative theories by modifying the general theory of relativity. Barber
[4] proposed two theories called self creation theories. His first theory is a modification of
Brans and Dicke [8] theory and second theory is an adaptation of general relativity to a
variable G-theory. His first theory is inconsistent as it violates equivalence principle [7]. But
in view of the consistency of his second theory, many authors [9, 21–23, 25, 26, 28–30,
32, 33, 39] studied various aspects of this theory in presence of different gravitating fields.
Recently Venkateswarlu et al. [38] constructed Bianchi-I, II, VIII and IX string cosmological
models in Barber’s second self creation theory.

In this paper we have taken an attempt to construct plane symmetric string cosmological
models in Barber’s second self creation theory. We found that Takabayasi strings are not
compatible in Barber’s second self creation theory for this space time. Therefore the model
for ρ = λ is constructed.

2 Field Equations

In this section we consider the plane symmetric metric of the form

ds2 = dt2 − A2
(
dx2 + dy2

) − B2dz2, (1)

where A and B are functions of cosmic time t only.
The field equations in Barber’s second self creation theory are

Gij ≡ Rij − 1

2
gijR = −8πTij

φ
(2)

and

�φ = 8

3
πηT , (3)

where η is coupling constant to be evaluated from experiment and φ is the Barber’s scalar.
Here φ is a function of t . In the limit η → 0 the theory approaches Einstein’s theory in every
respect.

The energy momentum tensor for a cloud of massive strings given by Letelier [19, 20]
and Stachel [34] is

Tij = ρuiuj − λxixj . (4)

Here ρ is the rest energy density for a cloud of strings with particles attached to them, λ

is the string tension density, ui is the four velocity for the cloud of particles, xi is the four
vector which represents the strings direction which is the direction of anisotropy and

ρ = ρp + λ, (5)

where ρp denotes particle energy density.
Moreover the direction of strings satisfy the standard relations

uiui = −xixi = 1, uixi = 0. (6)
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By using the co-moving co-ordinate system and (4) and (6) the field equations (2) and (3)
for the metric (1) yield

(
A′

A

)2

+ 2A′B ′

AB
= 8πφ−1ρ, (7)

A′′

A
+ A′B ′

AB
+ B ′′

B
= 0, (8)

2
A′′

A
+

(
A′

A

)2

= 8πφ−1λ (9)

and

φ′′ +
(

2A′

A
+ B ′

B

)
φ′ = 8

3
πη (ρ + λ) . (10)

Here afterwards the dash over the field variable represents ordinary differentiation with re-
spect to time.

3 Solutions and Models

The system of field equations (7)–(10) is an under determined system and to make the system
consistent we consider

ρ = (1 + ω)λ, ω > 0 (Takabayasi string [35]). (11)

From (7), (9) and (11) we obtain

A′

A

(
2A′′

A′ + ω

1 + ω

A′

A
− 2

1 + ω

B ′

B

)
= 0, (12)

which yields following cases

Case I: A′ = 0,

Case II: 2A′′

A′ + ω

1 + ω

A′

A
− 2

1 + ω

B ′

B
= 0.

Case I leads to vacuum model obtained by Mohanty et al. [21]. For Case II we find

A = at + a1, (13)

B = a2 (at + a1)
ω
2, (14)

8π

φ
ρ = a2 (1 + ω)

(at + a1)
2 (15)

and

8π

φ
λ = a2

(at + a1)2
, (16)

where a(�= 0), a1 and a2(�= 0) are constants of integration.
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Substituting (13) and (14) in (8) we find

ω = 0. (17)

Thus the Takabayasi’s equation of state is not compatible and we get

ρ = λ. (18)

The set of solution for geometric strings or Nambu strings [19] is obtained as

A = at + a1, (19)

B = a2, (20)

8π

φ
ρ = 8π

φ
λ = a2

(at + a1)2
. (21)

In this case (10) reduces to

(at + a1)
2φ′′ + 2a (at + a1)φ′ − ηa2

3
φ = 0, (22)

which yields the solution

φ = c1(a1t + a2)
m1 + c2(a1t + a2)

m2 , (23)

where c1 and c2 are constants of integration and

m1 =
−1 +

√
1 + 4

3η

2
, m2 =

−1 −
√

1 + 4
3 η

2
.

Thus the geometry of the universe described by the line element with suitable transformation
is

ds2 = dT 2 − T 2(dx2 + dy2) − dz2. (24)

The metric (24) represents string cosmological model for geometric strings (Nambu strings)
in Barber’s second self creation theory.

4 Some Physical and Geometrical Properties of the Model

The model (24) represents geometric string cosmological model in Barber’s second self
creation theory. This model possesses singularities at initial epoch and infinite future. The
behaviors of the physical and kinematical variables involved in this universe are given as
follows:

(a) The Barber scalar φ is obtained as

φ = T m1 + T m2 ,

where m1 = 1
2 (−1 +

√
1 + 4

3 η), m2 = − 1
2 (1 +

√
1 + 4

3η). Here φ → 0 as T → 0 or
T → ∞. Hence at initial epoch and at infinite future the theory leads to general theory
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of relativity. Further when the coupling constant η → 0 one mode of φ i.e. T m1 → 0
whereas the other one T m2 does not approaches zero. Therefore the later mode of φ is
not acceptable.

(b) The energy density (tension density)

8πρ(= 8πλ) = T m1 + T m2

T 2

satisfy the energy condition ρ ≥ 0.
(c) The spatial volume of the model is obtained as

V = T 2.

Hence at the initial epoch volume of the universe is zero. As time increases the vol-
ume increases and V → ∞ as T → ∞.

(d) The scalar expansion θ is calculated as

θ = 6

T

from which it is evident that the rate of expansion of the universe becomes slow as time
increases.

(e) The shear scalar for the model is given by

σ 2 = 1

6
T 2.

Since σ 2 → ∞ as T → 0 and σ 2 → 0 as T → ∞ the shape of the universe changes
uniformly in x and y directions only. The rate of change decreases with increase of time.

(f) It is observed that limT →∞ σ 2

θ2 �= 0, which indicates that the universe is anisotropic for
large T .

(g) The deceleration parameter q is obtained as q = − 1
2 . The negative value of q indicates

that the model is inflationary.

5 Conclusion

In this paper it is shown that the cosmological model for Takabayasi strings does not exist in
Barber’s second self creation theory in plane symmetric space-time, because the equation of
state for Takabayasi string viz. ρ = (1 + ω)λ admits model only when ω = 0. Therefore we
constructed a model for geometric strings i.e. when ω = 0. The model (24) is inflationary. If
we take A = B in the metric presented by Venkateswarlu et al. [38] the present model can
be obtained but it is not studied in their paper. The solutions obtained in this paper are more
general than those obtained by Venkateswarlu et al. [38].

Acknowledgement The authors are very much grateful to the referee for his constructive comments for
the improvement of the paper.

References

1. Bali, R., Dave, S.: Pramana J. Phys. 56, 513 (2001)



Int J Theor Phys (2008) 47: 2430–2435 2435

2. Bali, R., Upadhaya, R.D.: Astrophys. Space Sci. 288, 287 (2003)
3. Banerjee, A., Sanyal, A.K., Chakraborty, S.: Pramana J. Phys. 34, 1 (1990)
4. Barber, G.A.: Gen. Relativ. Gravit. 14, 117 (1982)
5. Baysal, H., Yavuz, I., Tarhan, I., Camci, U., Yilmaz, I.: Turk. J. Phys. 25, 283–292 (2001)
6. Bhattacharya, S., Karade, T.M.: Astrophys. Space Sci. 202, 69 (1993)
7. Brans, C.: Gen. Relativ. Gravit. 19, 949 (1987)
8. Brans, C., Dicke, R.H.: Phys. Rev. 124, 925 (1961)
9. Carvalho, J.C.: Int. J. Theor. Phys. 35, 2019 (1996)

10. Chakraborty, S.: Astrophys. Space Sci. 180, 293 (1991)
11. Chakraborty, S.: Indian J. Pure Appl. Phys. 29, 31 (1991)
12. Chakraborty, A., Chakraborty, A.K.: J. Math. Phys. 33, 2336 (1996)
13. Everett, A.E.: Phys. Rev. D 24, 858–868 (1981)
14. Kaiser, N., Stebbins, A.: Nature 310, 391–393 (1984)
15. Kibble, T.W.B.: J. Phys. A 9, 1387–1398 (1976)
16. Kilnic, C.B., Yavuz, I.: Astrophys. Space Sci. 238, 239 (1996)
17. Krori, K.D., Chaudhury, T., Mahanta, C.R., Mazumdar, A.: Gen. Relativ. Gravit. 22, 123 (1990)
18. Krori, K.D., Chaudhury, T., Mahanta, C.R.: Gen. Relativ. Gravit. 26, 265 (1994)
19. Letelier, P.S.: Phys. Rev. D 20, 1294–1302 (1979)
20. Letelier, P.S.: Phys. Rev. D 28, 2414 (1983)
21. Mohanty, G., Mishra, B., Das, R.: Bull. Inst. Math. Acad. Sin. 28, 43 (2000)
22. Mohanty, G., Panigrahi, U.K., Sahu, R.C.: Astrophys. Space Sci. 281, 633 (2002)
23. Mohanty, G., Sahu, R.C., Panigrahi, U.K.: Astrophys. Space Sci. 284, 1055 (2003)
24. Nevin, J.M.: Gen. Relativ. Gravit. 23, 253 (1991)
25. Panigrahi, U.K., Sahu, R.C.: Czech. J. Phys. 54, 543 (2004)
26. Pimentel, L.O.: Astrophys. Space Sci. 116, 395 (1985)
27. Ram, S., Singh, P.: Astrophys. Space Sci. 200, 35 (1993)
28. Ram, S., Singh, C.P.: Astrophys. Space Sci. 257, 123 (1998)
29. Sahu, R.C., Mohanty, G.: Astrophys. Space Sci. 306, 179 (2006)
30. Shanti, K., Rao, V.U.M.: Astrophys. Space Sci. 179, 147 (1991)
31. Singh, J.K.: Astrophys. Space Sci. 281, 585 (2002)
32. Soleng, H.H.: Astrophys. Space Sci. 102, 67 (1987)
33. Soleng, H.H.: Astrophys. Space Sci. 139, 373 (1987)
34. Stachel, J.: Phys. Rev. D 21, 2171 (1980)
35. Takabayasi, T.: In: Flato, M., et al. (eds.) Quantum Mechanics, Determinism, Causality and Particles, p.

179. Reidel, Dordreclit (1976)
36. Tikekar, R., Patel, L.K.: Gen. Relativ. Gravit. 24, 397 (1992)
37. Tikekar, R., Patel, L.K., Dadhich, N.: Gen. Relativ. Gravit. 26, 647 (1994)
38. Venkateswarlu, R., Rao, V.U.M., Pavan Kumar, K.: Int. J. Theor. Phys. (2007). DOI:10.1007/

s10773-007-9488-x
39. Venkateswarlu, R., Reddy, D.R.K.: Astrophys. Space Sci. 168, 193 (1990)
40. Vilenkin, A.: Phys. Rev. D 23, 852–857 (1981)
41. Vilenkin, A.: Phys. Rev. D 24, 2082–2089 (1981)
42. Vilenkin, A.: Phys. Rev. Lett. 46, 1169–1172 (1981)
43. Vilenkin, A., Shafi, Q.: Phys. Rev. Lett. 51, 1716–1719 (1983)
44. Wang, X.X.: Chin. Phys. Lett. 20, 615 (2003)
45. Wang, X.X.: Astrophys. Space Sci. 298, 433–440 (2005)
46. Yavuz, I., Tarhan, I.: Astrophys. Space Sci. 240, 45 (1996)
47. Zeldovich, Ya.B.: Mon. Not. R. Astron. Soc. 192, 663–667 (1980)

http://dx.doi.org/10.1007/s10773-007-9488-x
http://dx.doi.org/10.1007/s10773-007-9488-x

	Plane Symmetric String Cosmological Model in Modified Theory of General Relativity
	Abstract
	Introduction
	Field Equations
	Solutions and Models
	Some Physical and Geometrical Properties of the Model
	Conclusion
	Acknowledgement
	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


