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1. Introduction

In a series of papers [1]-[3] we have constructed differestimological models of the de Sitter
type on the basis of the modified JBD scalar-tensor theoryafity, by taking into account the
interaction of the vacuum and scalar fields, which in additio the kinetic energy is described
by a cosmological scalaf(y). The latter is introduced in analogy with the cosmologiaaistant
A. Essentially, the combinatioyg (y)/k? plays the role of the potential energy for the above
mentioned scalar field. As a result, in all the problems a@rsid the expansion of the Universe at
late stages is qualitatively similar. The expansion is kcaéng and the time-dependence of the
scale factor is not exponential. In all cases, the paranggf&teceleration parameter"”) tends to 1.
The qualitative picture of the time-dependence of the gneogtributions for the scalar fiel@,
andQy in all the cases is the same.

By taking into account known considerations [4] on the @xist of the relationship between
A and the Hubble parameter, in the first section of the paper we assume that) = aH?. This
assumption can also be argued on the base of the time-demendiH given in [5], where it has
been shown that in the limit— o one hasH? = A/3. We consider a cosmological model in the
absence of the ordinary matter. As a result, a uniformly lacated expansion is obtained with the
scale factor different from that discussed in the paperstiomed above. For the maximal possible
value ofamax the model becomes de Sitter one. Consequently, we alsadeorike de Sitter model
with the equation of state = —¢.

In the second part of the paper, within the framework of twitedent conformal representa-
tions of the modified JBD theory, inflationary regimes arestarcted with the specific potential of
the scalar fieldp (y) = aH%.

2. Uniformly accelerated expansion of the Universe

Here we consider the de Sitter cosmological model in theqrrppesentation of the JBD theory
with P=0,£ =0, ¢ (y) = aH?. The equations for the standard cosmological model, qooreging
to the modified action of the JBD theory [4]

W= [ Vel R 20(0) + 2o 5% @)
in the notationgy =y/y, H = &/a, have the form
20H? 2H
W+ P2+ 3PH = 3+2Z(1_H—w)’ (2.2)
2H +3H? = —y — p?(1+{/2) — 2¢H + aH?, (2.3)
2
3H? = Zf —3yYH +aH?2 (2.4)

Here,  is the coupling constant between the metric and the scaldr fié&ne cosmological scalar
¢ (y) = aH? (a being a dimensionless constant) plays the role of the vaanergy density. This
choice of the cosmological scalar leads to the relation

Y 3E/o+NE-a) 2.5)

H Z -
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with the restrictiona < 3+ 9/(2¢). Taking into account (2.5), from (2.2), (2.3) one can get

H  1-y1+)
m—Yiz_'_y =—0. (2.6)

From here we obtain the time dependence of the Hubble pagakiebf the scale factoa and of
the scalar potentiaf:

H 1
Ho 1+ot”’ 2.7)
% = (1+oat)¥e, (2.8)
y
with
t'=Hp(t—tg), gq=1-o0. (2.10)

HereHo, ao, yo are the values of the corresponding functions at recenttinaedq = da/a? is the
dimensionless "deceleration” parameter. It is of intet@sbnsider these relations for the limiting
value amax = 3+ 9/(2¢), for which one hay = o = 3/{. The scale factor evolves in accordance
with

3 \¢3
a=ag <1+ ?t/> . (2.11)

In the Einsteinian limit{ — o, by taking into account the formula lin.(1+ x/n)" = €, one
gets an exponential expansian= ape(~%) which corresponds to the uniformly accelerated
evolutionary scenario witlh = 1. Note that

¢ 3H 9

m:2m:_ﬁ_>o, (2.12)
and, henceH = Hp andy = ). For the equation of state one has= —p ~ —3H2. Thus, for
0 = Omax iN the absence of the ordinary matter, the model of the umifpaccelerated expansion
of the Universe is of the de Sitter type within the framewoflgeneral relativity in the presence
of the cosmological scalap(y) = aH?. Therefore, it makes sense to consider the problem of
de Sitter cosmological model with the equation of sRite —e and with the cosmological scalar
@ (y) = aH?2 for arbitrary values of . Denoting byQo = 8mGeo/ (3H?y) the contribution of the
vacuum energy, the analogs of equations (2.2)-(2.4) arttewras

U . 2 . 20H
m+y2+3y_ﬁ<6§20+a—w>, (2.13)
2H ¢ { o« 3Qo
m—‘m“’z(”§>_2"2+“—3+3+25’ (219
l:Qo—l—%—V—F%. (2.15)

Excluding from the equations (2.13) and (2.14)one can obtain

H q 1_}(1+25)ZVZ—SZV—ZG+12

H2 "2 2a/y—3-2¢

= 4. (2.16)
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From (2.15) we have

- £:3i\/9—28(a—3+3(20)’ (2.17)
H ¢
with the constraint <3—3Qp+9/2¢.

For giveny and g, the results of the integration have the same form as (2.7p}. Again we
getq= 1—3/{. The difference from the first variant is the presence in tloelehof the vacuum
energy density witl2g =~ 0.7. The behavior of the Hubble function, scale factor and tades field
is shown in figures 2 and 3 far = 2.5.

In Figure 1 we have presented the paramgtes a function ofa. It is remarkable that for
the maximum allowed valuemax = 3+ 9/(2¢), for large{ this version of theory is equivalent to
the de Sitter model in the framework of the Einstein theoryhia presence of the cosmological
scalarg (y) = aH?. In the left panel of Figure 2 we displayed the characteristhe dependence
for H/Ho. The right panel shows the quasi-exponential growth of tedesfactora, which is
transformed into a purely exponential in the limiting case- 3+ 9/(2¢) . Figure 3 shows the
time dependence of the gravitational scalavhich can be interpreted as gravitational constant
decreasing in time.

Figure 1: The dependence gfon the parameter.

3. Inflationary models in the "Einstein” representation

In this section we consider a model with a minimally coupledlar field in the presence of
the cosmological scaldr(®), described by the action

W = /\/— [ (R+2¢ (D)) + %g”BQJO,CDB] d*x. (3.1)
Introducing the notatiogo@ (®)/(8m) =V (P), the respective field equations take the form
®+3HO+V/(P) =0, 3.2)
3H2 — 8"( ¢2+V(CD)> L (3.3)
Yo Yo

4
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Figure 2: The Hubble function (left panel) and the scale factor (rjggutel) versus time.
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Figure 3: The time dependance of the gravitational scylar

2H +3H2:8—7T(—}¢2+V(¢)> 2—8—7Tpeff- (3.4)
Yo\ 2 Yo

The corresponding energy-momentum tensor is of the peifttedtform with the energy density

and pressure given hyer; = ®?/2+V (®) andPusf = ®?2/2 -V (®). Here and in what follows

the dot stands for the time derivative and the prime meanddheative with respect td.

The form of (3.2) allows us to use a simple physical integdien: the mechanical rolling in
the potentiaV (®) in the presence of the time-dependent friction coeffici¢ht(Bubble friction)
[6]-[8]- |

Inflation in the slow roll-approximation occurs when thenteBH ®, responsible for the fric-
tion, dominates the acceleration tegn

<< 1 (3.5)

3HD

The Hubble friction leads to the displacementdofn the direction of decreasing of the potential.
The second condition for the slow roll-approximation cepends to the smallness of the kinetic
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term 2 /2 with respect to the potential one:
b2
V(®)

<1, (3.6)

which leads to the equation of stdg ¢+ ~ —pes s and corresponds to a vacuum type source required
for the inflation. Under the conditions (3.5), (3.6), theaeéquations takes the form

3HO ~ —V/, (3.7)
3H?2 &V, (3.8)
2H 4+ 3H% =V. (3.9)
From the first two equations we get _
2H = —. (3.10)

The equations (3.8), (3.9) can be considered as the thirditéam for the slow roll-approximation

<1 (3.11)

i
We assume that = aH*#, take into account Eq.(3.10), and present Eq. (3.8) in tha fo
4H"? = 3H? -V, (3.12)

in order to determine the dependenceHdi®) andV (®). We will consider the case > 0.

Introducing the notation
31
=4/—= 3.13
X=\ o (3.13)

in the general case, under the conditmor: 3/H?, the solution of (3.12) can be written as

3
x:cosh<C+§(<Do—¢)>. (3.14)
Here
C = Arccoshxg, X = 31 (3.15)
- b XO - a HO’ .

Ho, ®g are the initial values of the corresponding quantities. @3y the constants in accordance
with

®o=0, a=3/HZ=C=0, (3.16)
we get
X = \/E% = cosh(?qJ) , (3.17)
and
H 1
Ho ~ cosi{v/39/2) (3:18)
V(®) = L& (3.19)
cosi(v/3d/2) '
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The time dependence bf(t) is determined from Eq. (3.9):

: 3
2H +3H?— S H*=0. (3.20)
Ho
As a result, the solution can be written as
3 Ho 1, [Ho—H
—Hot +const= — + =1In . 3.21
2 ot H 2" Rt H ‘ (3.21)

The scalar potentidl (®) and the time dependence of the Hubble function are presentbd left
and right panels of Figure 4, respectively.
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Figure 4: The left panel presents the potenNgl®). In the right panel the time dependencetbfHy is
plotted.

Another possible inflationary model within the frameworktloé proper representation of the
modified JBD theory can be constructed on the basis of thei@olof the problem presented in
the previous section for the value= amax. In fact, this case is realized within the framework of
the Einstein theory in the presence of the cosmologicabs¢ely) = aH?.

4. Conclusion

In the present paper, on the basis of the modified JBD theatyiader the assumptigh(y) ~
H" (n is a parameter equal to four in the regime of inflation and tven late stages), we have
considered the inflation and late stages of the Universensipa. For the late stage, a dynamical
picture of the uniformly accelerated expansion is obtaiwéd g = const.
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