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Bianchi types II, VIII, and IX string cosmological models are obtained and presented in a scalar-
tensor theory of gravitation proposed by Brans and Dicke (1961) for A + p = 0. We also established
the existence of only Bianchi type IX vacuum cosmological model for A = p, where A and p are

tension density and energy density of strings, respectively. Some physical and geometrical features
of the models are also discussed.

1. Introduction

Brans and Dicke [1] introduced a scalar-tensor theory of gravitation involving a scalar
function in addition to the familiar general relativistic metric tensor. In this theory the scalar
field has the dimension of inverse of the gravitational constant, and its role is confined to its
effects on gravitational field equations.

Brans-Dicke field equations for combined scalar and tensor field are given by

Gij = -8x¢p'T;j — wp™ <¢1¢] - %gijd),k(,b'k)
-9 (fi’i;j - gz'jfi’;k’k), (1.1)

Pi* =8 (3+2w)7'T,

where G;; = Rij — (1/2)Rg;; is an Einstein tensor, T;; is the stress energy tensor of the matter,
and w is the dimensionless constant.
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The equation of motion
T ;=0 (1.2)

is a consequence of the field equation (1.1).

Several aspects of Brans-Dicke cosmology have been extensively investigated by many
authors. The work of Singh and Rai [2] gives a detailed survey of Brans-Dicke cosmological
models discussed by several authors. Nariai [3], Belinskii and Khalatnikov [4], Reddy and
Rao [5], Banerjee and Santos [6], Ram [7], Ram and Singh [8], Berman et al. [9], Reddy [10],
Reddy and Naidu [11], Adhav et al. [12], and Rao et al. [13] are some of the authors who
have investigated several aspects of this theory.

In recent years, there has been a considerable interest in cosmological models in
Einstein’s theory and in several alternative theories of gravitation with cosmic string source.
Cosmic strings and domain walls are the topological defects associated with spontaneous
symmetry breaking whose plausible production site is cosmological phase transitions in the
early universe (Kibble [14]). The gravitational effects of cosmic strings have been extensively
discussed by Vilenkin [15], Gott [16], Latelier [17], and Stachel [18] in general relativity.
Relativistic string models in the context of Bianchi space times have been obtained by Krori et
al. [19], Banarjee et al. [20], Tikekar and Patel [21], and Bhattacharjee and Baruah [22]. String
cosmological models in scalar-tensor theories of gravitation have been investigated by Sen
[23], Barros et al. [24], Banerjee et al. [25], Gundlach and Ortiz [26], Barros and Romero [27],
Pradhan [28], Mohanty et al. [29], and others.

Bianchi type space-times play a vital role in understanding and description of the early
stages of evolution of the universe. In particular, the study of Bianchi types II, VIII, and IX
universes is important because familiar solutions like FRW universe with positive curvature,
the de Sitter universe, the Taub-NUT solutions, and so forth correspond to Bianchi types
II, VIII, and IX space-times. Chakraborty [30], Bali and Dave [31], and Bali and Yadav [32]
studied Bianchi type IX string as well as viscous fluid models in general relativity. Reddy et
al. [33] studied Bianchi types II, VIII, and IX models in scale covariant theory of gravitation.
Shanthi and Rao [34] studied Bianchi types VIII and IX models in Lyttleton-Bondi universe.
Also Rao and Sanyasiraju [35] and Sanyasirajuand Rao [36] have studied Bianchi types
VIII and IX models in Zero mass scalar fields and self-creation cosmology. Rahaman et al.
[37] have investigated Bianchi type IX string cosmological model in a scalar-tensor theory
formulated by Sen [38] based on Lyra [39] manifold. Rao et al. [40—42] have obtained Bianchi
types II, VIII, and IX string cosmological models, perfect fluid cosmological models in Saez-
Ballester theory of gravitation, and string cosmological models in general relativity as well as
self-creation theory of gravitation, respectively.

In this paper we will discuss Bianchi types II, VIII, and IX string cosmological models
in a scalar-tensor theory proposed by Brans and Dicke [1].

2. Metric and Energy Momentum Tensor

We consider a spatially homogeneous Bianchi types II, VIII, and IX metrics of the form

ds* = df* - R? [d92 + f2(6)d¢2] — S?[dy + h(0)d]?, (2.1)
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where (0, ¢, ¢) are the Eulerian angles, R and S are functions of t only. It represents
Bianchi type ILif f(0) =1 and h(0) =0,
Bianchi type VIIILif f(0) = cos hf and h(0) = sin h0,
Bianchi type IX if f(8) = sin6 and h(0) = cos 6.

The energy momentum tensor for cosmic strings [17] is
Ti]' = puiu]- - )inx]-, (22)

where u; is the four-velocity of the string cloud, x; is the direction of anisotropy, p and \ are
the rest energy density and the tension density of the string cloud, respectively. The string
source is along the Z-axis which is the axis of symmetry. Orthonormalisation of u' and x' is
given as

;= —x'x; =1, uix; = 0. (2.3)
In the commoving coordinate system, we have from (2.2) and (2.3)
T/ =T;=0, T;=A  Ty=p  T;=0 fori#j. (2.4)

The quantities p, A and the scalar field ¢ in the theory depend on ¢ only.

3. Bianchi Types II, VIII, and IX String Cosmological Models in
Brans-Dicke Theory of Gravitation

The field equations (1.1), (1.2) for the metric (2.1) with the help of (2.2), (2.3), and (2.4) can
be written as

R § RS S wh ¢ R S
E+§+_S+@+T¢)2+$+R_¢+S_¢_O’
.. - 2 :o .. ZR

2R K+6 35 wi ¢ 2K¢ 8rd

RTR 4R 292 "9 Ry ¢’

2RSS RP+5 wg? 2R S _8mp
RS 4R* R2 292 Rp Sp ¢~

(3.1)

where “.” denotes differentiation with respect to “#”.
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When 6 = 0,-1 & +1, the field equation (3.1) correspond to the Bianchi types II, VIII,
and IX universes, respectively.

Using the transformation R = e%, S = e, dt = R*SdT, (3.1) reduce to

" U ¢,2 ¢ ¢H

a'+ g —a —Zaﬁ 2¢2—7 (;b =0, (3.2)
20" - o* - 20/ + 562+ — 4e % - % % = SZ;J\ eta2h), (3.3)
20f +a® + 5624 }134/5 - %{)22 + % + ZaT? = Siere(‘lﬁzﬂ), (3.4)
(@ =f) =5 h(9)¢ =0, (35)

, 8
9= 3+ 2w (36)
p +2pad +(p-1)p =0, (3.7)

where “'” denotes differentiation with respect to “T".

Since we are considering the Bianchi types II, VIII, and IX metrics, we have h(0) =
0, h(0) = sinh6, and h(0) = cos 6 for Bianchi types II, VIII, and IX metrics, respectively.
Therefore, from (3.5), we will consider the following possible cases with k() # 0:

(1) DCI _ ﬂl — 0, ¢I #0,
(2) a-p#0, ¢'=0, (3.8)
B) «a-p=0, ¢ =0

Case 1 (for o’ — ' =0and ¢' #0). Here, we geta = +c.
Without loss of generality by taking the constant of integration ¢ = 0, we get

a=p. (3.9)
By using (3.9), (3.2) to (3.7) will reduce to
"2
P Y O AL L S S 3.10
)6 ﬁ 2¢2 ¢ ¢ ( )
v _ag w¢2 pe 9" _8rd
2p" - 3p7% + 5¢* - 4 2¢2 - ? T =%, (3.11)
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) 2 36'¢' 8
32+ 60— 1o “2’(‘;’2 2 qf - Z" e, (3.12)
"o_ 8 6p
P = 10 (A+p)e®, (3.13)
p+ (3P - )‘)ﬂl =0, (3.14)

where “'” denotes differentiation with respect to “T”.

Latelier [17] discussed, in general, the following equations of state:
p=2\ (geometric string), p=1+w)L (p-string), (3.15)

and Reddy [10] obtained inflationary string cosmological models in Brans-Dicke scalar-
tensor theory of gravitation for

p+1=0 (Reddy string). (3.16)

Here we will present string cosmological models corresponding top+ A =0and p = \.

Case 2 (for A + p = 0 (Reddy string)). From (3.13), we get
$" =0, (3.17)
then

¢ =aT +b. (3.18)
Without loss of generality by taking the constants of integration a = 1 and b = 0, we get
p=T. (3.19)
Now from (3.11), (3.12), and (3.19), we get

2 U
2B" + 266" — % + Tﬂ =0. (3.20)

For Bianchi Type II Metric (6 = 0)

From (3.20), we get

1
T +p = ETe‘lﬂ. (3.21)
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From (3.21), we get

2
e = %cosechz (c1logT + c2), (3.22)

where ¢; and ¢; are integration constants.
Using (3.22) in (3.11) and (3.12), we have

T2
8rp =-8x\ = 2o sinh(c; logT + ¢3). (3.23)
1

The corresponding metric can be written in the form

3
ds? = & cos ech’ (c1logT + ;) dT* - 41 os ech (c1logT +c2) [d@z + d¢2]
r T (3.24)

- % cos ech(cilogT +c,) [dy + d]’.

Thus, (3.24) together with (3.23) constitutes the Bianchi type II string cosmological model in
Brans-Dicke theory of gravitation.

For Bianchi Type VIII Metric (6 = -1)

From (3.20), we get

TR +p = %T&ﬂ. (3.25)
From (3.25), we get
2
c
e*f = 3% cosech®(c3log T + ¢4, (3.26)

where c3 and ¢4 are integration constants.
Using (3.26) in (3.11) and (3.12), we have

2

8rp =-8xr\ = T sinh(c3logT + c4). (3.27)

The corresponding metric can be written in the form

3
ds* = %cos ech’(c3log T + c4)dT?* - % cos ech(c3logT + c4) [sz + cosh2d¢2]

(5] . 2
— ——cos ech(czlogT +cy) |dy +sinh O dg|”.
AT (c3log T + ca) [dyp + si 9]

(3.28)
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Thus, (3.28) together with (3.27) constitutes the Bianchi type VIII string cosmological model
in Brans-Dicke theory of gravitation.

For Bianchi Type IX Metric (6 = 1)

From (3.20), we get

T8 +p = —-Te4ﬁ (3.29)
From (3.29), we get
w_ G5
e*f = T sec h? (cs1logT +ce), (3.30)

where ¢5 and ¢ are integration constants.
Using (3.30) in (3.11) and (3.12), we have

T2
8rrp = -8\ = e cosh(cslog T + ¢6). (3.31)
5
The corresponding metric can be written in the form

3
ds? = & sech® (cslog T + c6)dT? - 5 sec h(cslogT + ce) [d@z +sin’0 d¢ ]
r T (3.32)

- T5sec h(cslog T + co) [dy + cos 0 dp] .

Thus, (3.32) together with (3.31) constitutes the Bianchi type IX string cosmological model in
Brans-Dicke theory of gravitation.

3.1. Physical and Geometrical Properties
The volume element V, expansion 6, and shear o for the models (3.24), (3.28), and (3.32) are

given by

3/2
V= (—g)l/2 S os ech3/2(cl logT + c2),

T3/2
O=u;= % coth(c1logT + c2), (3.33)
2_3a®
0% = —coth™(c11og T + ¢»)

8T?
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for the Bianchi type Il model,

3/2
V(- )1/2 ?3/2 cos ech®? (c3logT + c4) cosh 6,

O=u= ?iﬁ coth(czlogT + c4), (3.34)

= —cothz((:3 log T + c4)
for the Bianchi type VIII model, and

3/2
V= (-g)"= S sech®? (cs1logT + ¢6) sin 6,

T3/2
; 3C5
0=u,= T tanh(cslogT + ¢6), (3.35)
2 = 3¢s* ——_tanh*(cslog T + cs)
" 812 57085 ¥ G

for the Bianchi type IX model.

Case 3 (for A = p (geometric string)). From (3.14), we get

p= cie . (3.36)

From (3.11) and (3.12), we get
65-1) = S%pezﬂ. (3.37)

From (3.37) and (3.36), we get
(6-1) = ?cl (3.38)

For Bianchi Types 11 and VIII Metrics (6 = 0 and — 1)

From (3.38), we have

¢ = constant (say c,). (3.39)
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Using (3.39), the field equations (3.10) to (3.13) reduce to
U 4ﬂ
28" - 3p2 + eT =0,

! 8
2p" - 347% + 5e* ;164[5 = ?eéﬁ,
2

362 + 6e* - 41164[5 = 8:-—Peép,
2

_ 8x 6p
0= 372w 2P

From (3.43), we get

and, since A = p, we will get A = 0.
From (3.40) to (3.42), we get

28" +e* = 0.

From (3.45), we get

S? = ¢®P = 2m;sec h2my (T + ny).

The corresponding metrics can be written in the form

ds® = 8my’sec h*2my (T + n1)dT?* - 2mysec h2my (T + ny) [d62 + d¢2]

— 2mysec h2my (T + my) [dg + 0 ),

ds® = 8my°sec h*2my (T + n1)dT? — 2mysec h2my (T + ny) [d92 + cosh?6 d(i)z]

— 2mysec h2my (T + ny) [dy + sinh 0 d]°.

(3.40)

(3.41)

(3.42)

(3.43)

(3.44)

(3.45)

(3.46)

(3.47)

Thus, (3.47) together with (3.44) constitutes an exact Bianchi types II and VIII vacuum

cosmological models, respectively, in general relativity.

For Bianchi Type IX Metric (6 = 1)

From (3.38), we have

C1=0.

(3.48)
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Using (3.48) in (3.36), we get
p=0.

Using (3.49) the field equations (3.10) to (3.14) reduce to

, 4p 2 /30 "
2ﬂ”—3ﬂ2+%+%—%+%:0,

, 2 38'd'
3ﬂ2+6e4ﬂ—le4ﬂ——w¢ +—ﬁ¢ 0,

4 29 ¢
¢" =0.
From (3.52), we get
¢ =c3T +cy.

(3.49)

(3.50)

(3.51)

(3.52)

(3.53)

Without loss of generality by taking the constants of integration ¢3 = 1 and ¢4 = 0, we get

$=T.

From (3.50), (3.51), and (3.54), we get
2 !
28" +e* + T‘B =0,

that is,
' +p = -%Te‘*ﬁ.
From (3.56), we get
# = X e 2 (c1 log T
e’V = oysec (c1logT + ¢3).

The corresponding metric can be written in the form

3
ds? = %sec |75 (c1logT + cz)de - %sec h(cilogT +¢») [d@z + sin%0 d(,bz]

- %sec h(cilog T + c) [dy + cos 0 d]’.

(3.54)

(3.55)

(3.56)

(3.57)

(3.58)

Thus, (3.58) together with (3.49) constitutes an exact Bianchi type IX vacuum cosmological

model in Brans-Dicke theory of gravitation.
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3.2. Physical and Geometrical Properties

The spatial volume V, expansion 6, and the shear o for the models (3.47) and (3.58) are given
by

1z _ 8m1 sec h32m1(T +n1),

V=(-g)
0 = 6m; tanh 2my (T + ny), (3.59)

o? = 6m%sec h22m; (T +ny)

for the Bianchi type II cosmological model (6 = 0),

1/2

V= (-g) " = 8m*sec i’2m; (T + ny) cosh 6,

0 = [2m; tanh 2my (T + n1) cosh 6 + sinh 0], (3.60)

o’ = [Zm%tanhZZml (T + nl)coshZG +sinh?6 + 4m; tanh 21, (T + ny) cosh B sinh 9]

for the Bianchi type VIII cosmological model (6 = -1), and

3/2
V= (-g)"*= I sec B2(c1log T +c2),

T oT3/2
0=u= z% tanh(c1logT + ¢2), (3.61)
3C12
2 _ 2
o’ = Wtanh (c1logT +¢)

for the Bianchi type IX cosmological model (6 = 1).

Case 4 (for o' — f/#0 and ¢’ = 0). In this case, we get Bianchi types II, VIII, and IX string
cosmological models in general relativity as obtained and presented by Rao et al. [42].

Case 5 (for o' — ' =0and ¢' = 0). Here, we geta = +c.
Without loss of generality by taking the constant of integration ¢ = 0, we get

a=p,

¢ = constant (say ¢).

(3.62)
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Using (3.62), the field equations (3.2) to (3.7) will reduce to

’ 4‘6
26" -3p%+ - =0, (3.63)
2p" —3p% + 6e* - 3t - @eﬁﬂ, (3.64)
4 C1
U 8
362 1 5e4 — Lowp = BTP . (3.65)
4 C1
_ 87 (p+1)es (3.66)
3+ 2w ! '
p+Bp-1)p =0. (3.67)
From (3.66), we get
p+A=0. (3.68)
From (3.63) to (3.65) and (3.68), we have
2p" +26e* — e = 0. (3.69)
For Bianchi Type 1I Metric (6 = 0)
From (3.69), we get
ef = (aT +b)™V?, where a* = 1. (3.70)
From (3.64), (3.65), and (3.70), we have
8l = —c1(aT +b) ’ 8orp = c1(aT +b) ‘ 3.71)
2 2
From (3.71) we get L + p = 0.
The corresponding metric can be written in the form
ds? = (aT +b)2dT? - (aT + b) ™" [d92 + d¢2] — (aT +b) " [dy + 0 dp]”. (3.72)

Thus, (3.72) together with (3.71) constitutes an exact Bianchi type II string cosmological
model in general theory of relativity.

For Bianchi Type VIII Metric (6 = -1)
From (3.69), we get

ef = (aT + b)_l/z, where a? = 3. (3.73)
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From (3.64) and (3.65), we have

8a\ =—-c1(aT +b), 8xp =ci(aT +D).

Therefore, from (3.74), we have
A+p=0.

The corresponding metric can be written in the form

13

(3.74)

(3.75)

ds? = (aT +b)2dT? - (aT + b)™* [dez + cosh?0 d¢2] — (aT +b) ' [dg +sinh 0 d].  (3.76)

Thus, (3.76) together with (3.74) constitutes an exact Bianchi type VIII string cosmological

model in general theory of relativity.

For Bianchi Type IX Metric (6 = 1)

From (3.69), we get

28" +e* = 0.

From (3.77), we get

S? = &?P = 2msec h2my (T + ny).

From (3.63) and (3.64), we get

(6-1)= @6213_
C1
From (3.66) & (3.79), we get
A=p=0.

The corresponding metric can be written in the form

ds® = 8my°sec h*2m; (T + n1)dT? - 2mysec h2my (T + ny) [d62 + sin%0 d¢2]

- 2mysec h2my (T + ) [dg + cos 0 d] 2,

(3.77)

(3.78)

(3.79)

(3.80)

(3.81)

Thus, (3.81) together with (3.80) constitutes an exact Bianchi type IX vacuum cosmological

model in general theory of relativity.



14 ISRN Mathematical Physics

3.3. Physical and Geometrical Properties

The spatial volume V, expansion 0, and the shear ¢ for the models (3.72), (3.76), and (3.81)
are given by

V=(-g)""= (aT+b)?, = %, o? = % (3.82)
for the Bianchi type II model,
V = (-g)"? = (aT + b) /2 cosh 6,
0 = tanh O(aT + b)™/? - (anﬁ' (3.83)
o = tanh?0(aT + b)™> + 3a2(aT + b) - %
for the Bianchi type VIII model, and
V= (—g)l/2 = 8m;°sec h*2my (T + ny) sin 6,
0 = u,' = [2m; tanh 2m; (T + n;) sin 0 + sin 20, (3.84)

, [Zmlztanh22m15§ + 2¢0s20 + 4m; tanh 2m1 § cos 9]
= 3 ’

o

where ) = (T + ny) for the Bianchi type IX model.

4. Conclusions

In view of the importance of Bianchi types II, VIII, and IX space times and cosmic strings
in the study of relativistic cosmology and astrophysics, in this paper we have studied and
presented Bianchi types II, VIII, and IX string cosmological models in Brans-Dicke theory of
gravitation.

In case of (1.1), for the equation of state A + p = 0, the models (3.24), (3.28), and (3.32)
represent, respectively, Bianchi types II, VIII, and IX string cosmological models in Brans-
Dicke theory of gravitation. The spatial volume of the models (3.24), (3.28), and (3.32) are
decreasing as T — oo; that is, the models are contacting with the increase of time. Also, the
models have no initial singularity.

In Case of 3, for the equation of state A = p, we will get only Bianchi type IX vacuum
cosmological model in Brans-Dicke theory of gravitation. Also, in this case, we established
the nonexistence of Bianchi types II and VIII geometric string cosmological models in Brans-
Dicke theory of gravitation and hence presented only vacuum cosmological models of
general relativity. The volume of all the models is decreasing as T — oo, and also the models
are free from singularities.
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In Case 5, we obtained only Bianchi types II and VIII string cosmological models of
general relativity with 1 + p = 0 and also got Bianchi type IX vacuum cosmological model
of general relativity, since the scalar field ¢ is constant. The spatial volume of the models
(3.72), (3.76), and (3.81) are decreasing as T — oo; that is, the models are contracting with
the increase of time. Also the models (3.72) and (3.76) have initial singularity at T = -b/aq,
a#0, and the model (3.81) has no initial singularity.

References

[1] C. H. Brans and R. H. Dicke, “Mach’s principle and a relativistic theory of gravitation,” Physical
Review, vol. 124, no. 3, pp. 925-935, 1961.
[2] T. Singh and L. N. Rai, “Scalar-tensor theories of gravitation: foundations and prospects,” General
Relativity and Gravitation, vol. 15, no. 9, pp. 875-902, 1983.
[3] H. Nariai, “Hamiltonian Approach to the Dynamics of Expanding Homogeneous Universes in the
Brans-Dicke Cosmology,” Progress of Theoretical Physics, vol. 47, no. 6, pp. 1824-1943, 1972.
[4] V. A. Belinskii and I. M. Khalatnikov, “Effect of Scalar and Vector Fields on the Nature of the
Cosmological Singularity,” Soviet Physics—]ETP, vol. 36, no. 4, pp. 591-597, 1973.
[5] D.R. K. Reddy and V. U. M. Rao, “Field of a charged particle in Brans-Dicke theory of gravitation,”
Journal of Physics A, vol. 14, no. 8, pp. 1973-1976, 1981.
[6] A. Banerjee and N. O. Santos, “Bianchi type-II cosmological models in Brans-Dicke theory,” Nuovo
Cimento B, vol. 67, no. 1, pp. 31-40, 1982.
[7] S. Ram, “Spatially homogeneous and anisotropic cosmological solution in Brans-Dicke theory,”
General Relativity and Gravitation, vol. 15, no. 7, pp. 635-640, 1983.
[8] S. Ram and D. K. Singh, “Exact Bianchi type VI cosmological solutions with matter in Brans-Dicke
theory,” Astrophysics and Space Science, vol. 103, no. 1, pp. 21-26, 1984.
[9] M. S. Berman, M. M. Som, and F. D. M. Gomide, “Brans-Dicke static universes,” General Relativity and
Gravitation, vol. 21, no. 3, pp. 287-292, 1989.
[10] D.R. K. Reddy, “A string cosmological model in Brans-Dicke theory of gravitation,” Astrophysics and
Space Science, vol. 286, no. 3-4, pp. 365-371, 2003.
[11] D. R. K. Reddy and R. L. Naidu, “Five dimensional string cosmological models in a scalar-tensor
theory of gravitation,” Astrophysics and Space Science, vol. 307, no. 4, pp. 395-398, 2007.
[12] K. S. Adhav, A. S. Nimkar, M. R. Ugale, and M. V. Dawande, “N-dimensional string cosmological
model in Brans-Dicke theory of gravitation,” Astrophysics and Space Science, vol. 310, no. 3-4, pp. 231-
235, 2007.
[13] V. U. M. Rao, T. Vinutha, M. V. Shanthi, and K. V. S. Sireesha, “Exact Bianchi type-V perfect fluid
cosmological models in Brans-Dicke theory of gravitation,” Astrophysics and Space Science, vol. 315,
no. 14, pp. 211-214, 2008.
[14] T. W. B. Kibble, “Topology of cosmic domains and strings,” Journal of Physics A, vol. 9, no. 8, article
029, pp. 1387-1398, 1976.
[15] A. Vilenkin, “Cosmic strings,” Physical Review D, vol. 24, no. 8, pp. 20822089, 1981.
[16] J. R. Gott, APJ, vol. 288, p. 422, 1985.
[17] P.S. Latelier, “The numbers game,” Physical Review D, vol. 28, p. 2414, 1983.
[18] J. Stachel, “Thickening the string. I. The string perfect dust,” Physical Review D, vol. 21, no. 8, pp.
2171-2181, 1980.
[19] K. D. Krori, T. Chaudhury, C. R. Mahanta, and A. Mazumdar, “Some exact solutions in string
cosmology,” General Relativity and Gravitation, vol. 22, no. 2, pp. 123-130, 1990.
[20] A. Banarjee, A. K. Sanayal, and S. Chakraborti, “String cosmology in higher dimensional spherically
symmetric space-time,” Pramana—]Journal of Physics, vol. 34, p. 1, 1990.
[21] R. Tikekar and L. K. Patel, “Some exact solutions of string cosmology in Bianchi III space-time,”
General Relativity and Gravitation, vol. 24, no. 4, pp. 397-404, 1992.
[22] R. Bhattacharjee and K. K. Baruah, “String cosmologies with a scalar field,” Indian Journal of Pure and
Applied Mathematics, vol. 32, no. 1, pp. 47-53, 2001.
[23] A. A. Sen, “Non-static local string in Brans-Dicke theory,” Pramana—Journal of Physics, vol. 55, no. 3,
pp. 369-374, 2000.
[24] A. Barros, A. A. Sen, and C. Romero, “Circular cosmic string loop in Brans-Dicke theory,” Brazilian
Journal of Physics, vol. 31, no. 3, pp. 507-510, 2001.



16 ISRN Mathematical Physics

[25] A. Banerjee, N. Banerjee, and A. A. Sen, “Static and nonstatic global string,” Physical Review D, vol.
53, no. 10, pp. 5508-5512, 1996.

[26] C. Gundlach and M. E. Ortiz, “Jordan-Brans-Dicke cosmic strings,” Physical Review D, vol. 42, no. 8,
pp- 2521-2526, 1990.

[27] A. Barros and C. Romero, “Cosmic vacuum strings and domain walls in Brans-Dicke theory of
gravity,” Journal of Mathematical Physics, vol. 36, no. 10, pp. 5800-5804, 1995.

[28] A. Pradhan, “Magnetized string cosmological model in cylindrically-symmetric inhomogeneous
universe with variable cosmological term A,” Fizika B, vol. 16, no. 4, pp. 205-222, 2007.

[29] G. Mohanty, G. C. Samanta, and K. L. Mahanta, “Amorphous polymeric nitrogen—toward equation
of state,” Fizika B, vol. 18, no. 1, p. 1, 2009.

[30] S.Chakraborty, “A study on Bianchi-IX cosmological model,” Astrophysics and Space Science, vol. 180,
no. 2, pp. 293-303, 1991.

[31] R. Bali and S. Dave, “Bianchi type IX string cosmological model in general relativity,” Pramana—
Journal of Physics, vol. 56, no. 4, pp. 513-518, 2001.

[32] R. Bali and M. K. Yadav, “Bianchi type-IX viscous fluid cosmological model in general relativity,”
Pramana—Journal of Physics, vol. 64, no. 2, pp. 187-196, 2005.

[33] D.R.K.Reddy, B. M. Patrudu, and R. Venkateswarlu, “Exact bianchi type-II, VIII and IX cosmological
models in scale-covariant theory of gravitation,” Astrophysics and Space Science, vol. 204, no. 1, pp. 155-
160, 1993.

[34] K. Shanthi and V. U. M. Rao, “Bianchi Type-II and III Models in Self-Creation Cosmology,”
Astrophysics and Space Science, vol. 179, no. 1, pp. 147-153, 1991.

[35] V. U. M. Rao and Y. V. S. S. Sanyasiraju, “Exact Bianchi-type VIII and IX models in the presence of
zero-mass scalar fields,” Astrophysics and Space Science, vol. 187, no. 1, pp. 113-117, 1992.

[36] Y. V.S.S. Sanyasiraju and V. U. M. Rao, “Exact Bianchi-type VIII and IX models in the presence of the
self-creation theory of cosmology,” Astrophysics and Space Science, vol. 189, no. 1, pp. 3943, 1992.

[37] F. Rahaman, S. Chakraborty, N. Begum, M. Hossain, and M. Kalam, “Bianchi-IX string cosmological
model in Lyra geometry,” Pramana—]Journal of Physics, vol. 60, no. 6, pp. 1153-1159, 2003.

[38] D.K. Sen, “A static cosmological model,” Zeitschrift fiir Physik, vol. 149, no. 3, pp. 311-323, 1957.

[39] G. Lyra, “Uber eine Modifikation der Riemannschen Geometrie,” Mathematische Zeitschrift, vol. 54,
no. 1, pp. 52-64, 1951.

[40] V. U. M. Rao, M. V. Santhi, and T. Vinutha, “Exact Bi-anchi Type-II, VIII and IX String Cosmological
Models in Saez-Ballester Theory of Gravitation,” Astrophysics and Space Science, vol. 314, no. 1-3, pp.
73-77,2008.

[41] V. U. M. Rao, M. V. Santhi, and T. Vinutha, “Exact Bianchi type-II, VIII and IX perfect fluid
cosmological models in Saez-Ballester theory of gravitation,” Astrophysics and Space Science, vol. 317,
no. 1-2, pp. 27-30, 2008.

[42] V. U. M. Rao, M. V. Santhi, and T. Vinutha, “Exact Bianchi type II, VIII and IX string cosmological
models in General Relativity and self-creation theory of gravitation,” Astrophysics and Space Science,
vol. 317, no. 1-2, pp. 83-88, 2008.



Advances in

Operations Research

Advances in

Decision SC|ences

Journal of

Applied Mathematics

Journal of
Probability and Statistics

The Scientific
\{\(orld Journal

International Journal of

Combinatorics

Journal of

Complex Analysis

International
Journal of
Mathematics and
Mathematical
Sciences

Hindawi

Submit your manuscripts at

http://www.hindawi.com

Journal of

Mathematics

Journal of

Illsmelth alhemaics

Mathematical Problems
in Engineering

Journal of

Function Spaces

Abstract and
Applied Analysis

Stochastic A nalysws

,;,,\K J :1?"
#(ﬁ)}?ﬂ(ﬂﬁf
f. \') :

International Journal of

Differential Equations

ces In

I\/\athemamcal Physics

Discrete Dynamics in
Nature and Society

Journal of

Optimization




