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Abstract In this course of presentation, we will consider the rotational perturbation of the
Robertson-Walker universe will be examined in order to substantiate the possibility of the
existence of Massive scalar field. We will study, the exact solutions for metric rotation Ω ( r,t ) and
the matter rotation w ( r,t ) under different conditions, and also study their nature and role from
different angles.

INTRODUCTION
The studies of rotating astrophysical bodies coupled with gravitational field in presence
of other fields are so far done by Bayin ( 1981,1985) ; Krori it al. ( 1983); Van den Bergh and
Wils (1984); Islam ( 1985); Tiwari it al ( 1986) and Koijam ( 1987, 1988). Many authors have
obtained models of rotating objects without expansion and expanding object without rotation.
Thus it will be of great interest to find out explicitly solved models of expanding as well as
rotating objects so that information’s about the behavior of the universe can be obtained from such
models. Thus here we investigate rotating as well as expanding models.
The Robertson-Walker models are believed to be appropriate for a representation of large scale
structure of the space-time, we consider this type of metric here for our problem. Furthermore, as
object of our study, we take up rotational perturbation of Massive scalar field as it will be very
stimulating to make investigations on such models in trying to obtain new information’s
concerning rotating astrophysical objects in this universe and we can draw many conclusions for a
realistic universe from such studies. In many respects our problem will be very interesting as,
through in most of the Robertson Walker metric can be used for general relativity solutions with
rotating and massive scalar field, and many stimulating findings for further research may be
obtained from it. The study of the rotational perturbations of these models are also made in order to
substantiate the possibility that the universe is endowed with slight rotation in the course of
presentation of several analytic solutions.
FIELD EQUATION
The metric considered here is the perturbation from of the Robertson-Walker metric viz.
(1)
where  (r,t) is the metric rotation function which is related to the local dragging of the
inertial forms.
The energy momentum tensor taken up for this problem is that of the massive scalar field given by
(2)
where the scalar potential  satisfied the Klein- Gordon equation.
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(3)
Here  is the source density of the scalar field and M is related to the mass of the spin particle by.
( h being the Plank’s constant)
Here the spatial velocity distribution is given by

and in this case
u = ( 0,0, -g33 , , 1 ) ,

(4)

Now considering terms up to the first order in  , the Einstein field equation gives
(5)

(6)

(7)

(8)

(9)
From Equation (5) and (6) , we have
φ  0,

(10)

Again Equations (6) and (7) gives with the help of relation (10) gives
(11)
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Now equation (9) with the help of relation (11) we get
(12)
Again Equation (8) gives
Ωr, t   Lr R 3  Nt ,

(13)

Now making use of the relation (13) in equation (12) , we get
(14)

CASE . I
Now considering k = 1 which corresponding to closed models. Here using the substituting y = kr2
in (14) , we get.
(15)
We see that equation (15) is similar to the hypergeometric equation
(16)
of which the general solution is given by
(17)
where A0 and A1 are arbitrary constants and
(18)
Thus in this case we get the general solution of equation (15 ) as

(19)

since the second term is not regular at y = 0
we take A1 = 0 , then we get
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(20)

Now we give some of the explicit solutions :
(i) If

(21)

(ii) If

then we have

In this case, we get
(22)
(iii) If

In this case, = -1,  = 3 and
(23)

(iv) Now

for  = 4 ,  = -2 ; and here
(24)

In case (1) , there , for z = 2GM2 , we get
R = ( m0 t + n0 )1/3
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CASE . 2
In this case, we consider open models which correspond to k = -1. we obtain here
different value of  corresponding to different value of M.
If we take

, then from equation (14) we get

where C0 and C1 are arbitrary constants,
Therefore,
(25)
Again if M2 = 5/G , we get

where C2 and C3 are arbitrary constant.
Therefore,
(26)

If

, we have

(27)
Therefore
(28)
where C4 and C5 are arbitrary constants.
CASE . 3
In this case we consider the flat model for which k =0 and here equation (14) becomes
(29)
which gives
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where A1 and A2 are arbitrary constants, and x = 2 GM2
In this case
(30)
Now if M =0, then we get , from equation (29)
L(r) = m1 + m1 r-3
where m1 and n1 are arbitrary constants .
Thus in this case we have
(31)
which is incidentally corresponding to the case of perfect dragging
Now here R(t) , making use of equation (11) ; is found to be
(32)
where m2 and n2 are arbitrary constants.
Thus here
(34)
where N(t) is an arbitrary function of time.
CONCLUSION :
Case I .
In this case, the rotational perturbation decay with the increase of the time for all the models
obtained. It is also observed that the smaller the value of A0 the smaller are the value of  (r,t) and
w (r,t) which means that the massive scalar field slow down the rotation . In this case the
expanding factor is given by

and since it is positive, our model universes here are expanding ones. Thus , the models are rotating
as well as expanding one which may be taken as examples of realistic models.
Case 2.
In this case, in all the two open models obtained , we find that the rotational perturbations decay
as r increases and also with the increase of time if N(t) is a decreasing function of the time. For the
model obtained for M2 = - 4/G we get the expansion factor as  = 3 m0 cot h (m0 t + n0 )
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Thus we get a rotating as well as expanding model which can be thought of as one of the value
of  (r,t) becomes smaller which shows that the presence the massive scalar field decreases the
rotational motion. When M2 = 5/G the solution is restricted within the range -1 r  1
Case .3.
For all the models obtained in this case the rotational perturbation falls rapidly with the
increase of r. In the case of perfect dragging the matter rotation w(r,t) and the rotational velocity 
(r,t) is independent of the massive scalar field.
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