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Abstract:
N-dimensional Bianchi types-| (Kasner form) cosmological model in f(R) theory of

gravity has been considered. The general solution of the field equations of Bianchi type-l in
Kasner form with N-dimensions has been obtained by using the concept of special form of

deceleration parameter. The physical properties of the model are also studied.
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1. Introduction:

We know that thé (R) theory of gravity is the modification of the general theory
of relativity proposed by Einsteirthe f(R)theory of gravity provides a very natural
unification of the early-time inflation and latere accelerationAs per Nojiri and
Odintsov (2007,2008) a unification of the earlygimflation and late time acceleration is
allowed in f (R) gravity. Non-vacuum solutions in Bianchi type-1 & type-V leabeen
obtained by Sharif & Shamir (2010) by using perfiigid in f (R) gravity. Sharif &
Kausar (2011) studied Bianchi type-lll space timéhwanisotropic fluid in f(R)
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gravitation. Adhav (2012) discussed the Kantows&eHs string cosmological model in

f (R) gravity. Anisotropic models inf (R) theory of gravity have been studied by Akéas
al. (2012). Singha et al. (2013) studied functional form of f (R) with power-law

expansion in anisotropic model. Recently, Reddsl. (2014) studied vacuum solution

of Bianchi type-l1 and V models irf (R) theory of gravitation using a special form of

deceleration parameter.

The study of higher dimensional space-time is irfgudrbecause of the idea that
the cosmos at early stage of evolution might haae & higher dimensional era. The
possibility that the space-time has more than fdimensions has attracted many
researcher to the field of higher dimensionesson (1983, 1984) has studied several aspects
of five dimensional space-time in variable mas®ithend bimetric theory of relativity. Lorentz
and Petzold (1985), Ibanez and Verdaguer (1986jdRRand Venkateswara (2001), Adhetval.
(2007) have studied the multi dimensional cosmalaigimodel in general relativity and in other
alternative theories of gravitation. Gomieatral.(2012) have studied N-dimensional static plane
symmetric vacuum solution irf (R) gravity. Ladke (2014a,b) has obtained the vacuulutisa
of Bianchi type-I (Kasner form) cosmological model f (R) theory of gravity in four and five
dimensions and also discuss the physical aspedteeahodel using special form of deceleration
parameter.

Inspiring with the above reséamwork in f(R)gravity, N-dimensional

Bianchi type-l (Kasner form) cosmological modelcisnsidered. Assuming the special
form of deceleration parameter the general solutiathe field equations in Bianchi type-I
space-time in kasner form with N- dimensions hagerbobtained. The physical aspects

of the model are also discussed.

2. f(R) Theory of Gravity and Deceleration Parameter :
The f (R) theory of gravity is the modification of generiatory of relativity

The corresponding field equations b{R) theory of gravity inVv,, are given by
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2.1)
whereF(R):df(R%R , O=0o,
2.2)

with [J; the covariant derivative,T; is the standard matter energy-momentum tensor.
After contraction of the field equations (2.1), get
F(R)R—g f(R)+(n-)OF(R)=«T,

(2.3)
In vacuum this field equation (2.3) reduced to

F(R)R—g f(R)+(n-1)0OF(R)=0,

(2.4)
This yields a relationship betwee(R) and F(R).

Inserting this value off (R) from equation (2.4) in the vacuum field equatioBdl), we

get
FIRIR. —0.00.F(R
rRR-OFR) = (RIR, 0,0, F( ).
n g;
(2.5)
Since the left side does not depend on the indeso the field equation can be expressed
as
K = F(R)Ri _DiDiF(R)
| 9
(2.6)

is independent of the ind&and henceK; — K, =0for alli and j.

Here K, is just a notation for the traced quantity.

By assuming various physical or mathematical doors, many authors
obtain the exact solution of the modified Einstifield equations. Many authors use

condition of deceleration parameter. In 1983 Berrpaoposed a law of variation for
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Hubble parameter which yields constant decelergb@ammeter models of the universe.
Akarsu and Kilinc (2010), Yadast al. (2011) and Adhav (2011a, 2011b) have extended
this law for Bianchi types models. Recently, Adi{a011c, 2011d) extended this law for
Bianchi type-l , Bianchi type-V anisotropic cosmgilcal models respectively. Cunha &
Lima (2008) favours recent acceleration and pastldeation. Singha ardebnath(2009)
has defined a special form of deceleration paranfietd-RW metric as

da a

=——==-14+ ,
Y 1+a’

2.7)
wherea > 0is a constant and is mean scale factor of the universe.

After solving equation (2.7) one can obtain the mabble parametét as

H=2= (1+ iaj
a a
(2.8)
wherek is a constant of integration.
On integrating equation (2.8), we obtain the mezatesfactor as
a= (e -1,

(2.9)
The physical parameters that are of cosmologicpbmance are

1 ©@(H-HY
The mean anisotropy parameterA = Z( ' j :

(n-1 = H
(2.10)
1 (n-1)
The shear scalaz® = E(Z H?-(n-)H zj :
i=1
(2.11)
The expansion scala@=(n-1)H .
(2.12)

3. Bianchi type-l (Kasner form) Cosmological Modd:

The line element for Bianchi type-I space-time iasker form im- dimensions is
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05 =dt? - S (1" o )

i=1

(3.2)
where p; ,i =12,....(n— 1)are constant.

The corresponding Ricci scalar becomes

0D p, 02 p (©Dp.
SR b
= iz U\ 5 ’
(3.2)
The corresponding field equations for the metrid Y8ising vacuum equation (2.1), we
get
0D p. 02 p | D p. 0D p. F F
“(p -1+ - LI S - -_ =0
Etz(p' ) 21: t J;lt <t F F
i£k ik J#£k izk
(3.3)
We define the spatial volumé as
VvV =al =t5.
(3.4)
whereS=p,+p, + p; +....+ P, -
(3.5)
and V=t°>=a®=t>""
(3.6)

Subtracting equation (3.3) fdr =1 from equation (3.3) fok = 2 and solving, we get

dt
th =dtP2exg x, | — | ,
' F{ljtSF)
(3.7)

whereS=p,+p, +p; +....* P, -

Subtracting equation (3.3) far= 2 from equation (3.3) fok =3 and solving, we get
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dt
th =d,t™ GX{XZ‘[E) ,

(3.8)
Subtracting equation (3.3) fae= 3 from equation (3.3) fok = 4 and solving, we get

dt
th = dgt Pa EX[{X3IEJ )
(3.9)

Subtracting equation (3.3) fdr=n -2 from equation (3.3) fok = n-1 and solving, we

get

dt
the =d _tPhm ex;{xn_zj.—tst ,
(3.10)

Subtracting equation (3.3) fdr =1 from equation (3.3) fok = n—1 and solving, we get

dt
th = dn—1t Pn-1 ex[{xn_ljﬁj )
(3.11)

whered,, =d.d,....... do ., X =X X+ + X,

Equations (3.7), (3.8),...., (3.11) can be written as

s dt
th =Dt " texg v, [ o |,
1 F{l'[tsl:]

(3.12)
t% =D, exp{Yz | tS—tFj :
(3.13)
th = Dgt%‘1 ex;{Yth—::j ,
(3.14)
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S/ dt
tpn—l = Dn—lt%] 1 eX{Yn_le) )
(3.15)

In general each” can be written as
th = Dit%-lexp{vij%j :
t°F
(3.16)

n-1 n-1
where |'J D, =1 and) X; =0 are satisfied b, andX; fori =12,...n- 1

i=1

(3.17)

To solve the integral part in the above equatiorusethe power-law. In recent
year Kotub Uddiret al.(2007) and Sharif & Shamir (2009) have estabtisheesult in
the context off (R) gravity which shows that

FOa™ ie. F=ha",
(3.18)
whereh is the constant of proportionality andis any integer which is taken a<2.
Casei) When n (dimension) iseveni.e. n= 468...
Using equations (2.9),(3.18) fédr=1,a = 2 and m=-2 in the equations and noting

(3.4), The value of the scale factor\fj becomes

t" =D, (e” -1)? exp{iril [lﬂl +tan™ (e —1)% }} :

(3.19)

Here D, Y, fori = 123 are constants andy, =0.

The value of the scale factor\fy are

t” =D, (e* -1)2 exp{ir‘] {1/12 +tan‘1(e2t —1)% } :

(3.20)
Here D, Y, fori = 12345are constants andy, is a function of.

In V;, the value of the scale factor are
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> Y 1
th =D, (e -1)?2 exp{ﬁ[t/l3 + tan‘l(e2t —1)2} :
(3.21)
Here D, Y, fori = 123456,7 are constants andy, is a function of.
and soon.....

From equations (3.19),(3.20),(3.21).... it is obsdrireat whem (dimension) is even then
scale factors are given by

t™ =D, (e* —1)% exp{%{w +tan‘1(e2t —1)% } :
(3.22)

wherey is a function of or zero.
Caseii) When n (dimension) isodd i.e. n= 579...

In V;, the value of the scale factor are

1 2t P
- YI e -1)2
th =D, (e* -1)2 ex n ¢1+Iog( e j )

(3.23)
Here D, Y. fori = 1,234 are constant andg =0.

In V,, the value of the scale factor are
1

1 2t
= YI e —1 2
t” =D, (e* -1)2ex N ¢12+|09( 7 j :

(3.24)
whereD, Y, fori = 123456are constants andg, is a function of.

In V,, the scale factors are given by

1

1 2t 2
1 Y. -1)2
t" =D, (e* -1)?ex FI @, +Iog(ee2t 1j :

(3.25)
Here D, Y, fori =1...8are constants andg, is a function of.

and soon.....
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From equations (3.23),(3.24),(3.25), .... it is olsdrthat whem (dimension) is odd, the
scale factors are given by

1

1 ‘ 2t _1)2
t" =D, (e* -1)2ex % (0+Iog(e 1J :

e21

(3.26)
whereg¢ is a function of or zero.

4. CONCLUSION:

As the scale factor for even and odd dimensionsofusmilar form to the scale
factors obtained in four and five dimension by LadR014a,b) using special form of
deceleration parameter therefore we conclude thiat N-dimensional Bianchi type-|
(Kasner form) cosmological model behaves in the esanmanner as in four and five

dimensions. It is interesting to note that all thsults obtained forn = 4,68... even and
for n=579,... odd are similar to the results obtained earlier Uayglke (2014a,b)

respectively.
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