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Abstract

In this paper we have investigated five dimensional String Cosmological
Models with bulk viscosity, Barber’s second self creation theory and
determine it’s solution for three cases. The various physical and kinematical
properties are also studied.
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1.Introduction

Several modification of Einstien’s general relativity have been proposed and
extensively studied so far by many cosmologists to unify gravitation and many other
effects in the universe. Barber [1] has produced two continuous self creation theories
by modifying the Brans-Dicke theory and general relativity. The modified theories
create the universe out of self contained gravitational and matter fields. Barber has
included continues creation of matter in these theories. The universe is seen to be
created out of self contained gravitational scalar and matter fields.

Brans [2] has pointed out that Barber’s first theory is not only in disagreement will
experiment, as well as inconsistent, since the equivalence principle is violated.
Barber’s second theory is a modification of general relativity to a variable G-theory.
The second theory retains the attractive features of the first theory and overcomes
previous objections. In this theory the scalar field does not directly gravitate, but
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scalar couples to the trace of energy momentum tensor. This theory predicts the same
precession of the perihehan of the planets on general relativity and in that respect
agrees with observation to within one percentage. In the limit, the theory approaches
the standard relativity in every respect.

Pimental [3] and Soleng [4] have presented the Robertson Walker solutions of
Barber’s second self creation theory of gravitation by using power law relation
between the expansion factor of the universe and the scalar field Soleng [5], Sing [6],
Reddy [7,8,9], Reddy et al. [10,11] and Maharaj and Beesham [12] are some of the
authors who have studied various aspects of the two self creation theories.
Venkateswarlu and Reddy [13] presented Bianchi type-V radiating model in Barber’s
first theory. While Venkateswarlu and Reddy [14] have obtained an anisotropic
cosmological model in this theory. Reddy and Venkateswarlu [15,16] have obtained
spatially homogeneous and anisotropic Binachi type-VI cosmological models in
Barber’s second self creation theory of gravitation both in vacuum and in presence of
perfect fluid with pressure equal to energy density.

Rao and Sanyasi Raju [17,18] have discussed Binachi type-VIII and IX in zero
mass scalar fields and self creation cosmology. Shanti and Rao [19] obtained Binachi
type-11 and 11l models in self creation cosmology. Micro and Macro cosmological
model in Barber’s second self creation theory have been studied by Mohanty et al.
[20]. Venkateswarlu et al. [21] have studied Binachi type-I,11,VIIlI and IX string
cosmological solutions in self creation theory of gravitation. Rao et al. [22] have
discussed exact Binachi type-11,VIII and IX string cosmological models in general
relativity and self creation theory of gravitation. In this paper we investigated Binachi
type-I cosmological model in Barber’s second self creation theory in five dimensional
space time.

2. The Field Equations

We consider the five dimensional line elements in the form
ds? = —A*(dx* + dy? + dz?) — B*dm? + dt? (1)
Where A and B are functions of cosmic time t only.

The energy momentum tensor for a cloud string dust with a bulk viscous fluid is
given by Letelier (1979), Landau and Lifshitz (1963) as

Tyj = pugul — Axpxd — §uk (g + w?) (2)
wul = -1, x;x/ =1, and uixj =0 3)
We assume here that the commoving coordinates

wW=ut=ut=u>=0, ut=1 (4)
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The field equations based on Lyra’s manifold as proposed by Sen [23] and Sen
and Dunn [24] are

R;j — %gin + %¢i¢j - Zgijq’k?k = —8nd™'T}; (5)
od = gnnT (6)
Where ¢; is the displacement vector given by ¢; = (0,0,0,0,8) (7N
—+2—+2 + 42 32— —8m® (86 + 1) (8)
—+2—+2 + 42 32— —8nd ™0 (9)
3—+ 3 43 ﬁz = —8nd &0 (10)
—3—— 3—+ 32 8nd~'p (11)

Where the . Denotes ordinary differentiation with respect to t.

Cﬁ+(3§+§)¢’=§m7(4f€+l+p) (12)

3. Cosmological Solution
Here we have five independent field equations in seven unknowns. Hence in order to
get the solution let us take

B=g(A(1)) (13)

From equation (9) and (10) we get

e AR R R R (14)

Equation (14) is satisfied for the following cases

Case1A=0 (15)
Case2 A=0 [*48_2, Ld9]_, (16)
gdAZ A2 2AgdA
1 1dg 1d?g 2 1 dg
Case 3 I:Z — Ea] =0 nd [EF e +— 24g dA] 0 (17)
CASE-1
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A=C B =g(G)
Where C, is the integrating constant.
Hence five dimensional string models in this case, after using transformations,
reduces to the form

ds? = —C(dx? + dy? + dz?) — Ddm?® + dt? (18)
Where C = C,* D=B?= (g(Cl))2 are constant.
A=0 6=0
8 8
o) = KeV"z + Kye V2
_ 3
P= 327r¢2
_ _ 38
§= 327'[9¢

Since 6 = 0 therefore we conclude that the Lyra geometry and cosmic strings do
not survive in this case and space time becomes Minkopwaskian.
CASE-2:
- 1d3%g 2 1 dg
A=0 i~ o =
A=K;t+K,
Where K; # 0 is a constant and K, is the integrating constant.
B =K,A™? + K¢A
Hence five dimensional string models in this case
ds? = —(K3t + K,)?(dx? + dy? + dz?) — [Ks (K5t + K,) ™2 + Ko (K3t +

K))?dm? + dt? (19)
0+p=0
0 = 3_A+ 5 _ 3Ks [ —2K5(K3t+Ky) 3 +Kg ]
T A B Kst+k, 3 | Ks (Kat+Ky) 2 +Ke (K5t +K,)
p =50
A=0

1
_ _ A 3 5 —1 (2K7A+1\ 1
p(t) = Kt [ln(1+K7A) b tan (B4 (a4

)+ (2)

) (%)
K is the integrating constant.
CASE-3:

Bl N _o gna [FEE_24 Lag_,

gdAZ A% 2AgdA
B = K;A+ Kq

In particular let us take Kg = 0
Take A = sin(at + b)
Where a # 0, b are constant.

B = K, sin(at + b)
(Kg is the integrating constant ) are depends upon A.
Hence five dimensional strings model is in this case
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ds? = —(sin(at + b))?(dx? + dy? + dz*) — (K, sin(at + b))*dm? +
dt? (20)

For all t the model is flat five dimensional space times.
If A = e@+D) \Where a # 0, b are constant, then B = K, e (@t+b)
Hence five dimensional strings model is in this case
ds? =
—(e@*2))* (dx? + dy? + dz?) — (K,e@*») dm? +
dt? (21)

Here, as the time increases and a < 0 the model contracts X,y,z and m directions.
The extra dimensions contracts and become unobservable at infinity time. Finally the
model reduces to 1-dimensional flat space time.

If A= (at + b)", Where a # 0, b are constant, then B = K, (at + b)"

Hence five dimensional strings model is in this case

ds? = —(at + b)*"(dx? + dy? + dz?) — (K,(at + b)")*dm? + dt? (22)
Expansion in the model are x,y,z and m directions.

4. Physical And Geometrical Properties
CASE-1:

1
1. The spatial volume V = —gz = —A3B =Constant
The volume of the universe is constant for all t.
2. The scalar expansion 6 = 0. Hence the expansion of the universe is zero.
3. The anisotropy o is defined as

1 2 2 2 2
o2 = _I(goo,o _ 911,0) N (911,0 _ 922,0) 4 (922,0 _ g33,0) 4 <g33,0 _ 944,0)

21\ 900 911 911 922 922 933 933 Gaa
(944,0 900,0)2] _
+ - =0
Gaa Joo

02 =0
oc=0att—->ow ¢=0themodelis isotropy.
% is not defined for all t.
CASE-2:
The spatial volume
1

V=—gz=—-A3B = (Kst + K,)*(Ks (K3t + K,) 72 + Kg (K3t + K))

When t - o, V - o the volume of the universe may be blous up. Again
t—-0 V = Constant hence the volume of the universe is constant at initial
stage.
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0] The scalar expansion
34 B 3K Ke—2Ks5(Kst+K,)™3
6 - 2 _I_ 2 = 3 + K3 [ 6 JE 3 4) ]
A B Kst+K, K5 (K3t+K,) 24+Kg(K3t+Ky)

(i)  The anisotropy o is defined as

1 2 2 2
o2 == l(goo,o _ 911,0) 4 (911,0 _ gzz,o) 4 (gzz,o _ 933,0)

2\ 900 911 911 922 922 933
2 2
4 (933,0 _ 944,0) N (944,0 _ goo,o) ] -
933 Y4 Gas Yoo

04 =0

o=0

- ag
(iii) i 0

5. Acknowledgement
Authors are very much thankful to the honorable referee for his constructive
comments.

6. References

(1]
[2]
(3]
(4]
(5]
(6]
[7]
(8]
[°]
[10]

[11]

[12]
[13]
[14]
[15]
[16]
[17]

[18]
[19]

G A Barber, Gen.Relativ.Gravit. 14(1982), 117.

C. Brans, Gen.Relativ.Gravit. 19(1987), 949.

L.O. Pimental, Astrophys. Space Sci. 116(1985), 395.

H.H. Soleng, Astrophys. Space Sci. 137(1987), 373.

H.H. Soleng, Astrophys. Space Sci. 13(1987), 139.

Tarkeswar Singh, J. Math. Phys. 27(1986)1074.

D.R.K Reddy, Astro phys. Space Sci. 132(1987),401.

D.R.K Reddy, Astro phys. Space Sci. 133(1987),189.

D.R.K Reddy, Astrophys. Space Sci. 133(1987),389.

D.R.K. Reddy, M.B. Avadhanulu and R. Venkateswarlu, Astrophys. Space
Sci. 134(1987), 201.

D.R.K. Reddy, M.B. Avadhanulu and R. Venkateswarlu, Astrophys. Space
Sci. 141(1988), 181.

S.D. Maharaj and A. Besham. Astrophys. Space Sci. 140(1988), 33.

D.R.K. Reddy and R. Venkateswarlu, Astrophys. Space Sci. 151(1989), 353.
D.R.K. Reddy and R. Venkateswarlu, Astrophys. Space Sci. 152(1989), 337.
D.R.K. Reddy and R. Venkateswarlu, Astrophys. Space Sci. 153(1989), 109.
D.R.K. Reddy and R. Venkateswarlu, Astrophys. Space Sci. 155(1989), 135.
V.U.M. Rao and Raju Sanyasi, Y.V.S.S. Astrophys. Space Sci. 187(1992),
113.

V.U.M. Rao and Raju Sanyasi, Y.V.S.S. Astrophys. Space Sci. 189(1992), 39.
K. Shanti and V.U.M. Rao, Astrophys. Space Sci. 179(1991), 147.



Five Dimensional String Cosmological Models In Barber s Second Self 37

[20]

[21]

[22]

[23]
[24]

G. Mohanty, R.C. Sahu and U.K. Panigrahi, Astrophys. Space Sci. 284(2003),
1055.

R. Venkateswarlu, V.U.M. Rao and K. Pavan Kumar, Int. J. Theory. Phys.
47(2008), 640.

V.U.M. Rao, M.V. Santhi and T. Vinutha, Astrophys. Space Sci. 316(2008),
155.

D.K Sen, Z.Phys.149(1957),311.

D.K. Sen, K.A. Dunn, J.Math.Phys.12(1971),578.



38

U.K. Panigrahi, R.N Patra and Mita Sharma



