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ABSTRACT: In this paper, based on the vector model for gravitational field we obtained the
modified Friedman equations, which were similar to the classical Friedman equations but were added a
term of energy — momentum tensor of gravitational field. Non- static flat cosmological model in this
model was similar to General Theory of Relativity (GTR) ‘s model but the expansive rate in the vacuum
age was difference with General Theory of Relativity ’s model.
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gravitational field and also obtained the

1. INTRODUCTION

In the previous papers [1, 2, 3, 4], we
have constructed a vector model for
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where T Mg, uv is the energy —

momentum tensor of matter,

a.uv is the energy -

momentum tensor of gravitational field.

In this paper we shall use this equation to
deduce the modified Friedman ‘s equations and
investigate a non — static flat cosmological
model. The outline of the paper is organized as
follows : Sec. I, Introduction; in Sec. II, we
determine the average strength of gravitational
field in the universe and modified Friedman
‘s equations; in Sec. III, we investigate the
expansive ages of the universe; finally, we

summarize our results in Sec IV.

modified Einstein ‘s equation in this model as

follows
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2. THE FRIEDMAN - ROBERTSON -
WALKER METRIC AND THE
MODIFIED FRIEDMAN EQUATIONS

We consider a cosmological solution in this
model. We assume that matter distribute
homogenous and isotropic in the Universe.
This is the Cosmological principle (the
Copernican principle). With this assumption,
the metric of the Universe has the standard
Friedman- Robertson — Walker form[5, 6] on

the co — moving coordinate system
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Where dQ’ =d@* +sin” 0dg”. R(t)is the

scale factor, we can see it as the radius of the
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Universe at the moment t. The constant k can
be 0,£1 depending on the curvature of the

Universe.

From the Friedman — Robertson — Walker
metric ( the FRW metric ), we also obtain the
Hubble law for the red shift of the Universe as
in GTR[5]
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where A is the wave-length of the photon
received by us on the Earth, A, is the wave -
length of this photon at a distant galaxy. /1, is

Hubble ‘s constant, d is the astronomical
distance from us to the distance galaxy.

The modified Einstein s equation in this
model is[1, 2]
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With the above FRW metric, from the

expression of the line element
2 _ U \4
ds* =g, dx"dx (5)
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where X" =ct,x =r,x  =0,x =¢,

we have
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From the FRW metric and the Christoffel

symbol

a 1 a
F[Jc =58 d(abgdc +acgbd _adgbc)
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the only non — zero components of the

Ricci tensor are

R
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Ry, =—(RR+2R*+2kc), Ry, =—(RR+2R*+2kc?)
C

(10)

The Ricci scalar is then

3R RR+2R* +2kc?

©
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C

(11

The energy- momentum tensor of the

gravitational matter in the equation (4) has the

form of the perfect fluid

Tve = (5 +pJ)UU, +pg,, (12)

For a motionless fluid U

Therefore

TMg.OO = pgc2 +tp-p= pgcz
And TMg.ii = pg; (14)

Thus, we have

#=(c,0).

(13)
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With one index raised this tensor takes the

more convenient form

T = 2 05 £ — (E?
g .uv a)\/:5g“v g.u
where
0 -E,/c -E,lc -E_lc
| Eale 0 H, -H, |18
“w TVE lc  —H, 0 H,
Eg_,/c Hgy —ng 0

It is the strength tensor of gravitational
field

and

Now we determine the average strength of

gravitational field in the Universe

Eg. Because of the homogenous and

isotropic distribution of matter in the Universe,
the average strength of gravitational field is
constant in the Universe. Indeed, we consider a

spherical surface with the radius r in the

s va _gpv

Ty, =diag(-p,c’,p,p,p) (16

We consider the second term in the right
hand side of equation (4). This is the energy —
momentum tensor of gravitational field, its

expression is[1, 2]

1

ap
4 g Dg»aﬂ) (17)

Universe. Because of the symmetric property,
the gravitational field caused by all matter
outside of this spherical surface at an any point
inside of this surface is zero. If we consider a
point M on this surface, the gravitational field
is only caused by all matter inside of this

surface. Denoting the gravitational mass of all

matter inside of the surface is M the

gr>

strength of gravitational field is £, ., we have

gr>

But we also have P, = M, (22)

47 R?

Because of the uniform distribution of

matter in the Universe.
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Where M R is the gravitational mass of the

Universe. R is the radius of the Universe at
the moment t.
Substituting (22) into
GM,

o =TT X (23)

(20), we have

r
Where the function f(7) = z takes the

value from O to 1. Because of the uniform

distribution of matter in the Universe, we can
take the average value of the function f(7)is

172
f(r=1/2 24)

Thus, the average strength of gravitational
field is the same throughout the Universe and

its expression is

GM,
E ==——n (25)

The strength tensor of gravitational field in

X- direction is

0 —E,lc 0 0
|E,lc 0 00
oo 0 0 00
0 0 00
0 -1 0 0
T B
c|0 0 0 0
0 0 0

Note that there is not the magneto —

gravitational field.

With
EY =E,,,g"g" 7
We have
0O 1 0 0
ur :il—k}"z _1 0 0 0 (28)
£ ¢ R? 0 0 0 O
0 0 0 O

We determine the energy — momentum

tensor of gravitational field

a 1 a,
Tou = (D, By =5 8D E ) 29
or
c? t 1 "
T‘;’.,uv = 47[G [g Eg.,ukEva _Zg,qug Eg.aﬂ]
(30)

The v =00 component is

& EXl-k? 1 EX -k, 1 El-k?’

= o — (=222 -1 e

&0 472'G[c2 R? 4( X ¢ R ! 87G R?
(31)
The uv =11 component is
c* 00 1 5

7;;.11 :%[g Eg.lOEg.IO_ZgllEg Eg.aﬂ]
__ L (32)
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We now find the modified Friedman

equations in this model.
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The equation (4) for the (00) component is

1 871G
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The equation (4) for the (11) component is
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Because the Universe is flat, we only
consider the case £k =0

Substituting

A=YC 5 6o

2
C

The equation (33) becomes

<\ 2 20022
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where

87p, § G*M wc’
3 7 967

a (38%)

we obtain the solution

87GR*

" . \2 2 = Be” (39
E2(1- kR (39)
) K 1[5} ok BrGp OB

(34)
The different components also lead to the
equation (34) due to the isotropy of the
Universe. Thus, we obtain two the modified

Friedman equations (33) and (34).
3. THE EXPANSIVE AGES OF THE
UNIVERSE

We now consider the equation (33) for the
expansive ages of the Universe : the vacuum —
dominated age, the radiation — dominated age

and the matter — dominated age.

3.1 The vacuum — dominated age

Py = 0,A =const (35)

where B=(a/b)"°.27"?, 1=1/(34) (40)

We see that this model also give an
inflation solution in the vacuum — dominated

age like GTR but the expansive rate is different
due to the constants Band A in (39) are
different from ones in GRT.

3.2 The radiation — dominated age
; 1
we substitute Py = P = Q.P,A =0 41

where a is a constant , it does not depend

on the time and space.

Substituting (41) into (33) , we have
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2 C()E;c2
SO W
Or R> = % _% (43)
2 2
Where 4= 87Ga ,B= oG M, (44)
3 967
The solution of (43) is
R=Ct" 45)
where C= \/EAM (46)

We see that this model also give the
expansive form like GTR in the radiation —
dominated age.

3.3 The matter — dominated age

we substitute

M, 3M @7

Substituting (47) into (33), we have

E

(48)
R 4

g2 L
R
Where p =26, EE% (49)

The solution of (48) is

R=F¢*" (50)

Where fp=32p. (51)

N

Thus, this model also give the expansive

form like GTR in the matter — dominated age.

4. CONCLUSION

In conclusion, based on the Vector model

for gravitational field, we have

deduced the modified equations of Friedman
and have studied the evolution of the Universe
in this model. It showed that the evolution of
the Universe in this model is the same with one
in General theory of relativity but the rate is

different in the vacuum age.

MOQT MO HINH VU TRU KHONG DUNG TRONG MO HINH VECTO CHO
TRUONG HAP DAN

V6 Vin On
Trudng Pai hoc Thit Dau Mot

TOM TAT: Trong bai bdo nay, dwa trén M6 hinh vécto cho truong hdp dan ching t6i thu duwoc

cdc phwong trinh Friedman cdi tién, né tuong tw véi cdc phirong trinh Friedman cé dién nhung duoc bo

xung thém mét s6 hang chira tenxo ning — xung lwong ciia truong hdp dan. Mé hinh vii tru khéng dimg
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trong mé hinh ndy ciing twong tw véi mé hinh vii tru khong dimg trong Iy thuyét Einstein nhung toc do

gian no cua vii tru trong giai dogn vacuum lai khdc.
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