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from various respective thereby obtaining new idea and information’s
regarding the evolutions of the universe. Investigation will also be made as to
when the universe ceased to be radiation-dominated and become matter —
dominated, pointing out the advantages of our model over the Friedman
model.

Introduction

It is commonly accepted that no real astrophysical object is composed of a perfect-fluid. Moreover, it
is known that a scalar field plays an important role in the evolution of the universe and some theories
had already exists to that effect. The most commonly accepted model of the universe is Big Bang
Model with this view in fact, proposing a modification of the cosmological constant introduced by
Einstein and assuming A as a function of the “cosmical time” the evolution of the universe according
to “standard hot bing-bang model “is being studied using the modified field equations obtained there
from. As object of our study, we take up slowly rotating viscous fluid distribution coupled with zero-
mass scalar field as it will be very stimulating to make investigations on such models is try to obtain
new informations concerning rotating astrophysical objects in this universe and we can draw many
conclusions for realistic universe from such studied and also, it will be great interest to find out
explicitly solved models of expanding as well as rotating objects so that the information about the
behaviour of the universe can be obtained from such models. The study of rotational perturbation of
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standard hot big-bang models are made in order to substantiate the possibility that the universe is
endowed with slight rotation , in course of presentation of several analytic solutions. In this problem,
it is assumed that any deviation which many exist is very small; and we neglect terms of the higher
than the first appearing in the rotation as we are considering slow rotation.

FIELD EQUATIONS:

Here we consider the Robertson-Walker metric

d2r

ds? = dt? —R2(t)2 +12d02 + rsin 20d 20
1-kr?

+20(r, )R (t)r%sin20d20d %t [
where k is the curvature index and takes the values +1, -1 or 0 when universe is closed , open or flat
respectively . R(t) is the scale factor form measuring distances in the non-static universe . This metric
is applicable to all homogenous and isotropic model universes with the condition that the cosmic fluid
is at rest relative to the commoving observer hence u; = (0,0,0, 1) .

The energy-momentum tensor for the “cosmic fluid “ may be taken as

1 1 K
T, =pu,u, +(p+E)H —2no + o 00 580" | )
where p is the density ; p is the isotropic pressure,@ is the zero mass scalar field, n& & is the co-
efficients of shear and bulk respectively and u, is the four —velocity vector of the cosmic fluid which

satisfied the relation

guu =1,
[3] H ,» 1s the projection tensor
defined by
Hpyo = uuu - go, [4]

1 1
And S = E(uu;BH[;w +ux;BHE)_§eHM

is the shear tensor where 6 = u,«* is the expansion factor
¢ is the scalar field satisfies the relation

S (P )= Bl g — 0
@

ox*

[5]
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The modified Einstein’s field equations are given
1
by Ry =5 Rey + Agy = —872GT; (ij-123.4) [6]

[3

where Ajj are different functions of the
constants.

comical time “ for i,j = 1,2,3 (space components ) are

The invariant nature of the quantities Aj and the symmetric property of the field equations
suggest that

Aii=Aji =Aj '=Ail= A=Ay (1,j=1,2,3,4) [7]

Taking into consideration the special theory the field equation (6) yield the diagonal values of
Ajjas ( Chandra , 1977)

Aij= A >0 (1.j=1,234) [8]

and Ajj = -B = constant< 0 [9]
Under these conditions the Newtonian limit of the field equations (6) is given by

Vo +[A(t) +B] = 8rGp [10]

which gives a variable density

| A+ B
b= 872G [H]

In the presence of homogeneous matter , namely ¢ = constant.
FIELD EQUATIONS AND THEIR SOLUTIONS:

872G (p —£0) = —472G[2j2 _4,,({1 . j[cpj

>

) R” o)
R R? k

== A(t
R R~ R” +AM [12]
. 2 l_kr.z ’ 2

872G (p —£0) = —47zG[$j —|—47ZG[ - ][‘P j
P R P
> S5 2

LRR kA
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- \2 o > ;N 2
872G = —4ﬂG[$j —472G[1 ka j[“’ ]
P P

3 % Q'+ O = — 162G’ [15]
and
%(1—kr2)§z"+%[1—51;r2 jQ’—(RR+2R2 + 2K )0

c](30a)o-so00 (2 e

[16]
Equation (12) and (13) gives

17
<> 7l

Using equation (17) in equation (5) , we get
P _ R
® [18]

where c is arbitrary constant.
By virtue of (18), equations (12) and (14) become

_ R R? k
872G (p —E0) = —42Gc >R 6_2E_F_R2 + A(D) o
872G 47Gc’R ¢ R? k B
—_— = — +—+—> + =
3 3 R R 3 , [20]

Equation (19) is a dynamic equation that gives the second derivative of the scale factor and
thereby governs the dynamic evolution away from the initial moment of time . On the other hand ,

equation (20) may be taken as initial value equation which gives the relation of R with R and p at
the origin of the epoch of time . From these two equation, we get

[-82G(p —£0)+ A(t) + B]JR’R = %[S”G pR3j

3
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Thus taking for granted that the variation of A(t) and the equation of the state for the cosmic
fluid are known, equations (20) and (21) together will give the dynamics evolution of the “standard
hot big — bang models”.

By using of equations (19) and (20) assuming A(t) as constant , equation (16) becomes

(1 —kr? )" + [i — Sker’
r

— (4k —872Gc’R * + 2R?> —2RR Q2 — )

[21]
In what follows, we shall now discuss three cases.
Case . 1
In this case we take

Q-—w=[-Nml2 22
where N(t) is an arbitrary function of time .

Then from (15) we get
L)

3

Q= exp|— 162G 77N (1) |+ F(t)
) [23]
where L(r) is the function of r and F(t) is the function of time which is set equal to zero for our problem.

Now, from equation (21), (22) and (23) , we get

(1—kr? L—+[i—5krj£
r L

— (4k —87Gc’R ™ + 2R? — 2RR )< [1 — N(p ]

Since the left hand side of this equation is a function of r only whereas the right hand side depends
only on “t”, we can take

L"” 4 L'
(1_krz)_+[__5kr L
L r L
(4k —872Gc’R * +2R? —2RR )x[1 - N |=s
where s is a separation constant.

For a given cosmological model, R(t) is known, hence, N(t) solved from (26). Using the
substitution y = kr? in equation (24) we get

5 S
1—y)L 2 3y lL,——=1=0
v =) yy+(2 yj ¥ T Ak

[24]

; [25]

) [26]

SUB-CASE I(a)
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For open and close model, we have k =+ 1, equation (26) is similar to the hypergeometric
equation

yd—y)F,, +[y—(Q+a+B)y]F, —apF=0

of which the general solution is given by

F= AOF(a,B;y;y)+A1yl_yF(l —Y+ OL,I—Y+B;2—Y;Y)

where Ao and A are the arbitrary constants and

FlouBsvsy) = Z((Z))(i),

Thus in this case we get the general solution of equation (26) as

L(r) = Z (a), (B)n v +A1yjza: [a_;jn [B _;jn "

[zjnn'

since the second term is not regular at y = 0, we take A; =0. Then get

Ly — A, S 0B

[28]
SO

—-a

5 5
e L0 63
I S (B e S

S
— | n!
2 n

[27]

Now we give some of the explicit solutions:
(1) Ifa=-'%,B3=5/2,then we have s = -5k and

—1 5 5
Fl| —,—.,— 1— 2
[2 505 j (1—vy):
In this case , we get

1
Q(r,t)= A, (1 — kr~? )5 R Cexp[— 162G 72N (1)]
(1) If a=9/2,B=-5/2,then we have s = - 4sk and

9 _5 5 . 24
F2. 2 2.y]|=(1—y)3[1—ay+==
[2223']( Y)[ y 737]

In this case, we get
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1
O(r,t)= A,(1—kr? )2 [1 - 4kr? + 27—4k2r4j

=< R 2exp[— 162G 77N(t)]
(ii1). If a=-1,pB =3 then s= -12k and

F[—l,s,g;yjﬂ—éy

5
Therefore
1
Qr,t)=A,(1— kr? )2[1 _ g kr? jR—3exp[— 162G nN(t)]

SUB-CASE .I (b)
For k =0 ( flat model), equation (25) becomes
4
L+ —1." = sL_
r
Which gives

2 2_4
L(r)=a1|:1 > > L :|

+ — +
2.5 2.4.5.7

Where a; and b; are constants.

2 2_4 2 2_.4
O t)=ladl+—+->"1 4+ lybriil- 21 4
2.5 2.4.5.7 2.1 24

X R_3exp[— 162G 77N(t)]

[30]
CASE-II
We assume that
Q = o, [31]

which is perfect dragging .
Then equation (15) becomes
_l_
R <

= —1672(G 77
which gives

Q(r.t)=L,(r)R “exp[- 167G 7N(t)]+ A(®) [32]
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where Li(r) is an arbitrary function of r, and A(t) is an arbitrary function of t which is set equal to zero
for our problem.
Then equation (21) becomes

(1 —kr2 )" + (i — Skrjﬂ' —0
r

[33]
From equation (32) and (33) , we get
4
(1—kr?)L7 + (— — Sker; —0
r
which gives
1
C _ _
L, =120 —kr? (14 2kr?)+c,
3 , [34]
where ¢ and c; are arbitrary constants.
CASE . 111
In this case, we take
Q—o=N({t)Q"R? 35]
Equation (21) becomes
(1 —kr2 )" + [i — Skr]sz'
T
— R>(4k —87Gc’R ™ + 2R — 2RR )N()Q" 3
Making use of equation (23), we get
(1—kr?)+ [i — 5krj L
r L
— R*(4k —87Gc’R ™ + 2R? — 2RR )N(t) 37
Separation of equation (37) , we have
4 L’
(1—kr2)+[——5krj —~ =S,
and
R>(4k —87Gc’R * + 2R? —2RR )N(t)=s, [39]

From equation (38), we get
4—5z

chjrj(z—krz)Zdr

where z =1 — s1 and c are the arbitrary constants.
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4-5z
Q(r,t) = c:ll_?’jr_Z4 (Z — krz) ’ dr + N(t)

CASE .I11a
If we choose

[40]

S
N(t)=—R"
(t) 4k

Then equation (39) becomes
47Gc’R ™ —R?+RR =0 [41]
which gives
1

R = [asinh (bt +c,)]5

where a, b,c are arbitrary constant such that
a’b® =12-2Gc”
4—-5z7
-4 z
. Q(r,t) = c[asinh (bt +cl)]_l.[r z (z—krz) dr + N(t)

DISCUSSION OF THE RESULTS

In case I, the rotational velocity decays with an increase of time where N(t) and R(t) are
increasing functions as well as expanding of time, We get a rotational model which can be thought of
as one of the realistic models.

In case II, the perfect dragging, we see that the rotational velocity decreases with the
increase of r as well as with the increase of the time if N(t) is a decreasing function of time. In this
case of perfect dragging the matter rotation w(r,t) as well as the rotational C)(r,t) is independent of
scalar field.

In case 111, both for the open and closed models the rotational velocities decay with the
increase of rand tif N(t) is a decreasing function of time, but in case of the closed model the solution
is realistic only for — 1 <r < 1 .For flat model the rotational velocity is found to be an increasing
function of r . In case IIl(a) , the open, close and flat models behave almost in the same manner . The
results of our investigation here show the possibility of the existence of slowly rotating astrophysical
objects coupled with scalar fields.
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