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ABSTRACT

The importance of the modified cosmological term in tke Einstein field equations and jts
physical interpretation as tfe vacuum field have been discussed. The moticn of a cust cloud tas
been investigated and the field equations in the Newtonian approximaticn b ave been examined,

ROM the theoretical as wellas the observational?

point of view it has been scen th.at the intrcduction
of the cosmological termin the Einstein field equations
is necessary. The cosmological term represents the
* ground-state energy of tle vacwum’, It Las been
pointed out that the cosmical constant is a function
of temperature®, which turns out to be a Iunction of
time in a homogeneous and isotropic universe4, There-
fore, the variation of the-cosmical constant would
imply the interaction of the vacuum field with tlLe
content of t}e universe. This gives a kind cf creaticn
or vanisking of energy in the universe, But tlere is
no observational evidence to suppert it. McVittie
has also pointed out that the pressure p and the den-
sity * p* of a distribution of matter in a Minkowski
space-time are given by®

A ~ Ac?

P=a6" 7~ T8nc

(1)

respectively, which is unphysical on the ground that
the pressure and the density are of opposite sign.
Therefore, the special relativity Jimit of the vanisting
gravitational field everywlere® is not satisfied by the
Einstein field equations with tre cosmelogical term,
In order to avoid these drawbacks a modified form ¢f
the cosmological term has been proposed fcr a hcmo-
geneous and jsotropic unjverse’ as A“j] £y (no
summation). The -quantities A, are given by

a a g —f

a a ¢ —f

Atm == (2)

a a a —p
-f - ~8 4

where a and f# are invariants® under the coordinate
transformatjons of the type

PN G (x) ({==1,2,9) (3)
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which is consistent with thke ccsmeleogical pripciple?,
Thus, the Einstein field equations with tte medified
cosmological term are expressed as

Brn(
R, ~4Rg; + Ay &y = CrTa

(frjz': I, Z,3,4). {H

When the vacuum ficld interacts with content of tFe
universe then we have

Ci4 AW) g4
[T”{ <A 6’1:‘ =0 (5)
i

(‘r! = ]: 2, 3: 4)

Let us consider the case of a dust cloud for which the
energy momentum tensor is given by

TV = putu? (i,f=1,2,3,4) (6)

where p, is the proper density and «f is ike four vele-
city of the dust cloud. The eguations (5) and (6)
together yield

Cl A“‘.” g'f
post nfi + (pﬂu‘)ﬂu’ + [ Y G . == )

(i,f=1,2,3,4) (7)
which is decomposed into two parts as follows { .

BH"G ”.

(pott) e’ + l: = 0 (8)

(i,f=1,2,3,4)

and
H‘H;‘ = 0 (ﬁ’u?" 0) (f:f == l- :- 31 4) i?j

The expression (8) represents the consenaten Liw
for the momentun density {po?) of the dust cloud and
the expression (9) s the geadesic equautolis Buderiipy
the motion of the dust clowd,
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Firther, when the gravitational field is weak and effect of the vacuum ficld can be observed in tl ¢ New-
static, we | avel® tonian limit w..en 3a + g# 0. Also, in a Minkow: ki
= — 28 4+ Cy (10) space-time we have ¢, + ¢, = 03 w.ich implies tf at
were *4 * is tle Newtonial petential exd *Cy® is 2n the grasitational foree of attraction due to ti ¢ distri-
arbitrary m‘nst*ant Tle «(rstant }C i;; iettlm'rtd bution nf'ma.tter > ba.la:nued by tl.e gravitaticnal fc e
by comsicering tle extreme cae <f ::'anifl irg $Ievi- of repulsion due to ti.e vacium field. Recently it
| . S has bzen showa that the repulsive gravitaticnal force
tatienal field, je, ges =1 Wi en ¢ =0. Butin pre- 4 o o the presence of the vacuum field in early stages
sene of tie vaiuum field the sitvaticn is GFaent. oo o001 ion of the universe plays a significant role in

in?' t..e gr_avltatu I}E’Ll ﬁe!d CLe to t] e ccntent present averting the singularity in the cosmological mocelsis.
in t..e medium vanisl.es in tl e extrcmie cace. Tl.ere-

fore, at any point in tl € space tl € Newtonjan pcten-
tial *¢* would be treatcd as a sim of tl e pcientals
‘¢m Tand ‘¢ * due to tl.e content and tl.e vacrum field
respectively, ie.,
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