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Abstract The homogeneous and isotropic cosmological model8rans-Dicke theory have been discussed. Besiues t
cosmological term/\(f) to the Brans-Dicke Lagrangian using Robertsonkéfaline element and energy tensor of a perfect
fluid were also examined for the mass expansiomefuniverse. After correcting an error in theirrilyove also tried to extend

our results by calculating cosmological term usBgyman and Som [1] solution and showed the reslitained from the
application of theory also satisfy uniform cosmabad model.

Keywords: Cosmological Constant, Uniform Cosmological modiébdified Brans-Dicke Lagrangian, Cosmology,

I. INTRODUCTION

It is well-known that Einstein originally introdudehe cosmological constant in order to obtainaticsimodel of the universe.
Because the large scale recession of the galariethé expansion of the universe had not beemésed at the time. This was
discovered later by Hubble in twenties and thirtféer introducing cosmological constant by Einstéts real significance was
studied by various cosmologies [2] but no satigfactesults of its meaning have yet been repoZetidovich [3] has tried to
visualize the meaning from the theory of elemenfasticles because the constant corresponds teatheim energy. However,
to obtain the static model of the universe, Eimstaight have been able to predict the expansidheiniverse or the universe
is in a dynamic state ( sec Islam[4]), second edj#002).

Actually Linde [5] has argued the cosmological taarises from spontaneous synnetry breaking andested that the term is
not a constant but a function of temperature. lanuaogy the term may be understood by incorporatiith Mach’s [ 6]
principle, which suggest the acceptance of Brartk® Lagrangian as a realistic case [7,8] and $tites us to study the term
with a modified Brans-Dicke Lagrangian from cosngylcand elementary particle physics. Besides, Azadl lalam [9] also
studied cosmological constant in the Bianchi typeddified Bran's-Dicke cosmology. After that, Pradhet.al [10] studied
FRW universe with variable G anfl terms. A new class of exact solutions of Einsteifield equations with a perfect fluid
source, variable gravitational couple G and cosgiold term /A for FRW space time is obtained by considering alale
deceleration parameter models for the universe.rititere of the variable@(t), /\(t) and the energy densiw(t) have been

examined for the three cases: (i) exponential,p@lynomial, and (iii) sinusoidal form. The specigpes of models for dust,
Zel'dovich and radiating universe are also discdssdhe light of recent supernovae la observations

Besides Endo and Fukui [11] touched upon the Daege number hypothesis to obtain uniform cosmaaigmodel and which
also affect in elementary particle physics. To thest knowledge of the authors no attention has lpegd to calculate
cosmological term from Brans- Dicke cosmologicaldeloof uniform cosmology. This is seen that thisroological term
calculation also satisfies the results of uniforsroological term.
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Il. MATHEMATICAL FORMULATION

The cosmological term has been assumed as aniefpliction of a scalar field , proposed by Bergmann and Wagoner [12],
and start with the usual variational principle ehgral relativity using a Brans-Dicke Lagrangiardified by /\(E):

0=ofie(R-2(E) 1671, - CEE1-0) %

Where R andL,, are the scalar curvature and the lagrangian deasimatter, which is assumed not to depend esxplicin

derivatives ofgij and & plays a role analogous 6. The field equation for the metric field is, themr have,

1 8 w 1 1
R, _E g;R+g;A= ?T” +?££,i£,j _Egijf,kf'kj"'g(g,i;j —g;0¢) (2
Where,
- 2 bo)
TIJ = _[(_ g)}é Lm]
(~9)2 @,
It is also the energy-momentum tensor of mattent@ation of equation (2) results in
8n a i 3
R-4N=——T+—¢& &' +— o ()
&ooer ¢

While the field equation fo€ is obtained by varying and f,i in equation (1)

N _a P 2w
R-2A-28_ =2 F & -2 ¢ 4)
& &t e
By eliminating R from equations (3) and (4),
p-gD oMy 213, ©)

x4 < 2

Although Brans-Dicke cosmology does not pay angrdin to/\ , the relation between the matter field and thdasdild can
be obtained analytically through an equation amalsgto equation (5), besides a certain degree loframiness inevitably
accompanies the introduction of a scalar field.eHge assume the simplest case of the couplingedxb fields as follows:

8n

qu ZWIUT

(6)

Here the constant/ shows how much our theory includid@({) deviates from that of Brans and Dicke . Then di@adar
solution of equation (5) is given as

26 +31- Dglz 872(1—,u)_|_ .

4 U ¢ 4¢

Since we assumd\ is a function of onl){, we have

n&=1(&) ®)
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By multiplying equation (2.2) by and taking the contravariant derivative, we find

N « i
Earali

2
— 0O

; $)¢;

8T} = —%(R— 2N -2&
Equation (4) then ensures that the conversionTa}i\}\i/ =0 holds.

I1l. CALCULATION OF COSMOLOGICAL CONSTANT OFUNIFORM COSMOLOGICAL MODEL

For the homogeneous and isotropic universe, applyinose equations, the metric is that given by Reba and Walker, and the
energy- momentum tensor, that of a particle fluid,

dr?

—kr?

ds® = —g; dx' dx’ =dt” -az(t){1 +r?(dg® +sin’® Hdiz)}

Tjj =(p+e) Uil + pgij
Here a(t) is the spatial scale factdt, the dimensionless curvature index,and p the total energy density and pressure of the

universe, respectively, and' a velocity four vector that has components of)(1), 0) in the commoving co-ordinates. The (0,0)
component of equation (2) is

N2 L g 22
(Ej +L:E 8_ﬂg+/\ _E§+i (g)
a a2 3¢ aé &2
Where & depends only on universal tirhand a dot indicates differentiation with respedt From equation (6), we obtain
d .3 877 3
—\&’ )= — ule -3p)a 10
" (&) (ng)u( p) (10)
From equation (7), we obtain the varialdle as follows:
/\:M(Sp—g) (11)
ag

The equation of state in the radiation fieBf0 = £ leads to the vanishing cosmological term. Equafibh) yields the
expression forf (f) as

f(c‘)=(2i)—nfs)(3p—€) 12)

The conservation laal ; j =0 requires the well-known relation
. a
£=-3%(p+e) (13)
a
As an example, we consider the case of the madterihere A\ is not zero. In this field we can neglect presswtgich has less
significance for the model of the universe [13]emtequation (13) gives
&’ =¢g,a,° (14)

Here, subscript O indicates the present valuegiamntity. From equation (10), we obtain the follogirelation for the big-bang
universe:

&’ =kt (15
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Where K = 87 LE By
(2w+3)"°
From the equation (11), we have
8n
== (u-1)e (16)
a¢

This implies that the cosmological term particigaite the mass of the universe, and that may hasigréficance in determining
the mass of an elementary particle when appliebdedadron era as studied in [14]. From equatad, (I:({) is proportional

toa>:

a ¢&f'
a__st 17
a 3f 7

Where f' = df

dé

Substituting equations (15) - (17) in to equati®)) (ve obtain

ey er o =_M(2w+3)1_k(_ij% )
E)l ol f 3f 6 12u & k

Since in particle physics, the terms§f are introduced to explain the origin of the masarpelementary particle by symmetry

breaking [15] , we assume the functional formfoﬁg‘) as follows:

__ 8m in
f(&)= —(2w+3)ﬂ£°( EOJ (19)

Substituting equation (19) in to equation (18), save in the case dk =0, i.e., the flat universe. When we notice two
conditions, an expanding universe and an increafingtion g‘(t), n =1 which gives the constant cosmological term is not
suitable. Then, with # 1and the assumption af =Qatt =0, the solution is

& = (At)en (20)
b

1-n| 273+ p)eo & "

2 (1 ) 1 J
“nf-n-w
3 2

Equation (17) with equation (20) results in thddaling relation:
2
a® =a,° &"(At) (21)

By using two conditions, the domain of n arrowsnifl < 0. Since equations (20) and (21) satisfy equati@, (1

= %{— (3+ u)(2w+3)+8u+ [(3+ 1) 200+ 3 ~160(200+ 31— /J)]%} o

From equation (16)

Where A=+

w

_ 20+
2(n-

1-u1
—/J” = (23)

A

=
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Following Brans and Dicke [7] and Weinberg [16]e thravitational “constant” G is given by the weaNd approximation as
follows:
1(, 2w+l ..
G==|3- u|éE™ (24)
2 2w+ 3

Equation (24), (20), and (21) present the relatib@ with the Hubble constant

H =%,as

H &
E=§H, —~t %1”), and Ge~ H? (25)
G n G
When we putn = —1 in equation (21) and (25), the following relatigrobtained:
1 H '
all t%, H=—, — ~ Const., and9 =-3H (26)
3t G G
and this is the case of Dirac [f7&lthough the cosmological term is not zero but is
3a+2)1
N= —5( )—2 27)
18 t

While if we putid =1, all the equations we obtained reduce to thoseoltained reduce to those of Brans and Dicke and

equations (22),(23), and (25) give= ~3{e. + 1), A = 0 and % =" 'V(aﬁ 1)

From Berman and Som follows that

ﬁ’(f} —i(§j+(2a—iji:0 28)
6| ¢& mt| & m? )t?

And the solution of the above equation for m isegivy

m®> -8m* - 2m>+54m* - 24m-24=0
And then listed the following five different saloms in terms of m and the coupling
constantc :

w ~-183 «,~-034 «, ~112 a, ~169 «, ~-265,

m ~-25 ~m, ~045 m, ~106 m, ~257, m, ~734
Ifwe put w=-18.3andt =1,2,3,4, ....... then we have
Cosmological constanf\ = -14.47, -3.62, -1.61, -0.90, -0.57, -0.40, ...........

This means that, for increasing time cosmologicaistant is also increasing for Brans-Dicke Cosmgledhich also satisfy the
uniform cosmological model theory.

When the value ofx is increasing for the time expansioe, when & =-0.34andt=1, 2, 3, 4,...... then we have,
Cosmological constanf\ = -0.83, -0.209, -0.09, -0.05, -0.03,.......

This also means that, for increasing time, cosmotdgonstant is more increasing, which also satisé mass expansion of the
universe.

In similar way, when we use the valuesaf for the expansion of time i.ec =1.12,1.69 andt=1, 2, 3, 4,........... then we also
have,
Cosmological constan?\ = 1.48, 0.37, 0.16, 0.09, 0.05, ...................
And Cosmological constanh = 1.96, 0.49, 0.22, 0.12, 0.07,................
This also means that, for increasing time and &bsothe values ofa , that is solved from Bermann and Som Solution,
cosmological constant is more and more increasiigch also satisfy expanding of the universe, ingfarm cosmological
theory of Barns-Dicke cosmology.
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IV. DiscUSSION ANDCONCLUDING REMARKS

The uniform cosmological model using modified B&licke Lagrangian through which cosmological téras been studied
from the point of view of cosmology and elementpayticle physics and login is partially clarifiethe error in the paper of
Endo and Fukui has been corrected and we havedsolwiéorm cosmological model for cosmological camstusing Brans-

dicke Cosmology and calculated their results applyihe numerical values ot & @ which are also satisfy the theory of

uniform cosmological model in Brans-Dicke cosmol@md elementary particle physics might give a ttusolve the problems
in large number hypothesis and Mach'’s principles.
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