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Field Equations.We consider the action

S= /d4x\/jg [F(ZQD)R_{_ W(z(p)g“V‘P;uSO;V - V(o)|, (1)
ds® = dt? — &(t)(dx? + dy? + dz?). (2)

we use conformal time n = [ a~'dt. By using this variable,
background equations are
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here H = a/aand R= 5(H?+ H').



Perturbations. We consider line element for both scalar and
tensor perturbation

ds? = &{(1+20)di” — [(1 - 2¥)sjlax'ax},  (6)
ds? = &2 {dn? — (6 — hy)dx’dx/}. 7)
Considering the invariant comoving curvature perturbation R
defined by
dp

the first order perturbed equations can be written as
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where
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and « is a comoving wavenumber.
Defining the new variables: z; = av/Qs ¥ v, = aRk«, €q. (9)take

Qs = (10)

the form ,
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with
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and ¢ is a slow roll parameter given by
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if e and ds constants:
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We consider now tensor perturbations hy;, since h{ satisfies the
same form eq.(9), with Q; = F. In this case we have z; = aV/F,
from which
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Exact solution. In this paper we shall focus on ansatz

ZS — 0477q7 (16)
hence

zs -2

—=q(q—1)n"". (17)
Zs

Now, from egs. (4) and (10) we can eliminate the term wy'?,

then we use expression z = ay/Qs and eq.(16) to find
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from which we found the solution
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By using relation Qs = ;é together to egs. (16)and (19) we
obtain
Qs =2(1+qg "F. (21)

Now we can see egs. (19) and (21) make egs. (12) and (15)
verify eq. (17), thus, we conclude
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withvs = =q(qg—1).



Using egs. (22) and (23) one solves eq. (11). The solutions for
both cases for long wavelength limit are
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where v = \/q — 1) 4+ 1/4. Thus, the spectrum of scalar and
tensor perturbation are given by
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Since Q; = F, we use the above equations and eq. (21) to find
the tensor-scalar ratio r, we obtain

r52:16(1 +1/q). (27)

and the spectral index is
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The potential.From egs. (3),(4) and (19) we obtain
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Once we find the explicit function 7(y), we shall use eq. (29) to

establish the explicit form for V(). It will be treated in the next
section.

V =q(2q 1) (29)



Inflationary solution. With eq.(19), eq. (4) becomes

Q2 = 5{—6%2 +2q(1—-2q)n 2 +12qHn '},  (30)

where F is given by eq.(19) and w is still free function.



Power law Case. An interesting case isw=1and ax tP, that
is, (a x n1fp) Thus, with F = Fo ’ eq. (30) gives

() = a1, (31)
with o = CL\/E, and ¢ = —6(;27) + 14q — 4¢°. Thus we obtain
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and the potential
V =x ¢?# (33)
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Exit problem. We choose ¢(n) via ansatz
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where f is a free function. there are three possibilities:
f = constant,f = f(n), f = H? and f = H.



Case f = const = A. Inserting eq. (34) into eq.(30) with A < 0
and w < 0, we have the solutions




By choosing 74, we have

a=q9o{1+ W}ae—am. (37)

Here we define i = L and a = &, where 7; and a; represent
conformal time and factor scale in the beginning of inflation
respectively. The parameters b and « are defined by

o_ A a(i+q)
B2 = A +a),
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Eq.(34)is

o(n) = £VA| / \/Edn (38)

With (37) and (19) the above eq. becomes
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Following the weak coupling limit of the low-energy effective
string theory we have £ = (2, thus, choosing positive branch
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in (38) we have



e(n) = BVIAIn + o. (40)

thus,
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and the potential
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we note

for 2% << 1 we have F — @2, V — p*—2-29,

for c?¢? >> 1 we have F — e~ %, w — —e~%, with (¢ < 0) and
V s e 9y 220,



TO DO.
1.-To explore options:f = f(n), f = H2 and f = H.
2.-To study n — t.

. : L Z
3.-Martin-Schwarz’s exact solution: 71 = 2 + %
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