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ABSTRACT

In this paper, we investigate the physically acceptable exact solutions in five dimensional space-time in f(R) gravity
which may provide some information about the nature of DE responsible for accelerated expansion of the universe.
Considering six assumptions, energy density and pressure are evaluated by using conservation law of relativity. Ricci
scalar and function of R are also evaluated in this paper.
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1. INTRODUCTION

The geometric properties of space-time are described by the most widely accepted fundamental theory of relativity. The
evolution of the universe is described by freidmann equations which came from Einstein field equations. Also general
theory of relativity describes the big-bang theory based on radiation. Many observations have confirmed the accelerated
expansion of the universe and it is observed that general relativity is not sufficient to explain the problems regarding
accelerated expansion of the universe. In order to explain the accelerating expansion of the universe, many modified
theories of gravitation has been developed as alternative to Einstein general theory of relativity and f(R) gravity is one
of the modified theory of gravity proposed during last decade. Weyl [1] in 1919 and Eddington [2] in 1922 studied the
f(R) actions and later these actions were studied by Buchdhal [3] in the context of non-singular oscillating cosmologies.
Many researchers are working in f(R) theory of gravity on different issues. Velerio Faraoni [4] studied the success and
challenges of f(R) gravity. Lorenzo Sebastiani and Ratbay Myrzakulov [5] analyzed f(R) gravity and inflation. Stable
high curvature limit and well behaved cosmological solutions with a proper era of matter domination are the choices of
f(R) gravity and are investigated by Hu and Sawicki [6]Dark energy f(R) models are cosmologically viable are studied
by Amendola et al. [7]. P.K. Agrawal [8] studied the vacuum solutions of FRW and axially symmetric space time in
f(R) theory of gravity. M. Sharif et al. [9] explores plane symmetric vacuum solutions in f(R) gravity by using the
assumption of constant scalar curvature which may be zero or non-zero. Zhang and Noh [10] found a new class of
plane symmetric solution in the presence of perfect fluid. Farasat Shamir [11] studied the plane symmetric solution in
f(R) gravity by using assumption of constant and non-constant scalar curvature. Morteza yavari [12] studied energy
distribution for power model of the plane symmetric space time in f(R) gravity. Sebastiani, Lorenzo, and Sergio Zerbini
[13] worked on Static spherically symmetric solutions in f(R) gravity. In addition to this work Sharif and Kausar [14]
studied non-vacuum static spherically symmetric solutions by using f(R) theory of gravity. Dynamics of spherically
symmetric gravitational collapse in f(R) theory of gravity are studied by M. Sharif et al. [15]. Ali Shojai et al. [16]
investigated spherically symmetric solutions in f(R) theory of gravity and studied the equilibrium star. In metric f(R)
theory of gravity Azadi et al. [17] analyzed cylindrically symmetric vacuum solutions. Momini et al. [18] studied
constant curvature solutions in cylindrically symmetric metric f(R) gravity. The main aim of the cosmology is to study
the large scale structure of the universe. The best representation of the large scale structure is Friedmann-Robertson-
walker (FRW) models which are isotropic and spatially homogeneous in nature. Recent observation strongly
recommended that the universe is in accelerating phase and dark energy is responsible for accelerating expansion of the
universe [19, 20, 21, 22].
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One of the most important task of modern science is to understand the physics behind the observed accelerating
expansion of the universe. Recently several prominent results are obtained in the development of the superstring theory
hence the study of higher dimensional physics is important. To study the hidden knowledge of the universe many
researchers are interested to explore higher dimensions. Kaluza and Klein [23, 24] introduced an extra dimension and
tried to unify gravity with electromagnetic interaction. Unification of fundamental force with gravity explored by
Weinberg [25] which reveals the space time should be different from four therefore the concept of higher dimensions is
not unphysical.M. Farasat Shamir et al. [26] studied (n+1) dimension for vacuum solutions of static plane symmetry

and using constant scalar curvature generalized field equations are studied in f(R) gravity. Recently, Ladke, L. S. et al.
[27] studied higher dimensional plane symmetric solutions in f(R) theory of gravitation.

Dalgaty M.S.R. and KayllLake [28] gave the three physical acceptability criteria for f(R) gravity as i) isotropy of
pressure ii) the monotonic decrease of the energy density and pressure with increasing radius iii) Subluminal sound

speed i.e. VS2 = j—p <1. He also gave the physical acceptability criteria for exact solutionsin general relativity. M.
Y2

Sharif and Sadia Arif [29] construct some static cylindrically symmetric interior solutions in f(R) theory of gravity and
discussed them by using physical acceptability criteria. Also M. Sharif and Zuriat Zahra [30] obtain the solutions in
plane symmetry and that solutions are checked by using physical acceptability criteria. Motivating with the above
work, in this paper, we construct some static interior plane symmetric five dimensional solutions in f(R) gravity. We
explore these solutions in tabular form by considering six assumptions and applying physical acceptability measure to
these solutions, some physical acceptable solutions are obtained.

2. f(R) THEORY OF GRAVITY

The action for T (R) theory of gravity are given by
S=||——f(R)+L. |/—g d°x, 1
J (16713 (R) j J M

where f(R) is general function of Ricci scalar R and Lm is the matter Lagrangian.

Now by varying the action S with respect to gij we obtain the field equations in f (R) theory of gravity as

F(R)R; - f(R)g,J ~V;V, F(R)+g; o F(R) =KT;, (i,j=12,345) @)

I]’

where  F(R) = df (R) o=V’ Vi,
drR

With V. is the covariant derivative and Tij is the standard matter energy momentum tensor.

If we take f (R) = R, the field equation (2) in f(R) theory of gravity reduce to the field equation of general theory of
relativity which is propose by Einstein.

Contracting the above field equations (2), we have

F(R)R—gf(R)+4m F(R) = kT

®)
From (3), we get
2
f(R):g[— KT +40F(R)+F(R)R] @
Using equations (2) and (4), the field equations take the form
F(R)R: —V:V: F(R)—8xT:
(RIRy ViV FRIZ8Ty 1 ovp CF(R)-KT]. )
0ij 3
It follows that the equation (5) is not depend on the index|
1 1
F(R)Rij _E[F(R)R_D F(R)] g; ViV, F(R)= K|:Tij _ngijjl (6)
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3. METRIC & THE FIELD EQUATIONS

The line element of plane symmetric space-Time
ds? = Adt? — B(dx? + dy? + dz? ) Cd g ™
Where A,B and C are functions of ¢ .

The Ricci scalar is

R= 1{A SAE—K{A 3ABH (8)
X B X B

Where X (¢) = A(¢)C(¢) and dot denotes derivative with respect to ¢.

The Stress energy tensor can be written in the simple form

T = (P+ p)uiuj — Pg;; )
Where p = p(¢) p= p(¢) and U; is five velocity

The matter density is given by the scalar function p and Pressure p

Equation (6) leads to
2F B B? BX FX KX

F B B BX FX AF (p+p)=0 (10)

A B (X 2FYB A} B KX (4 g

2A 2B 4X 5F \B A) 4B* A°F P (11)
By using conservation equation T, j;j =0 we get

A_-2p

A_p+p (12)

We are using six types of assumptions to solve the field equations

No. Assumptions No. Assumptions

X=X, A=A, F=F X=X, A=Agp", F=F

1 4

s | X=X, A=A, F=Fyg'

X =X, A=Ag", F=F,

3 | X=X, A=A, F=Fg | 6 | X=X A=AFLF =Ry

Where I,m,n, X, Ay and F, are arbitrary constant

1. Solutions of Type I: X = X0¢I A=A F=F

Using the values of case-1 in equation (10) and equation (11), we get
B B2 s Bl KXy 4'(p+p)

"B 287 2B§  A'F, (13)
_ B B Bl _KXg'(p+p)
2B 4B* 4B¢ AF, (14)
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From equation (13) and (14), we get

B 38" Bl _

2B 4B® 4Bg¢ (15)
Now taking B = Byg" (16)
Substituting the value of equation (16) in equation (15), we get

A =0
From the values of case-I, as K -
P=Py&p==P (18)

where P, is constant

then equation (12), gives

Using thevalue of equation (16) in equation (8), we get

_3Am _ _|_ -2
X, {m ' 2}5

(19)

Table-1 (Type I solutions): X = X0¢I A=A F=F

No.| | | m | B(g) | p(¢) | pl¢) | RIg) A
18 _
i O - 2 BO¢_2 po - po X—A0¢ ? FOR + fo 0
0
81 _
i | 1| =3B’ | Py | =Py %W FoR+1f, | 0
0

72 _
i | 2 | -4 | Bg™* | p, | —Po X—A°¢“ F,R+T, | 0
0

v |-2|0 B, Po | = Po 0 fo 0

All four solutions in Table-1 of Type-l assumption have constant pressure and density and hence not physically
acceptable

2. Solutions of Type 11: X = X, A=Ap"  F =F

Using the values of case-11 in equation (10) and equation (11), we get
-B . B> KX(p+p)

B 2B? = (20)
mm-1)-B  B? KX(p+p)
2¢° 2B 4B? A’F (21)

From equations (20) and (21), we get
m(m—1)+£_ 3B? 0

20> 2B 4B? (22)

Consider, B = B,¢ (23)

Substituting the value of equation (23) in equation (22), we get
n=m-1 (24)
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A
From the values of case-ll, as K -
—2p¢
p+p=—
m

< |3

then equation (12), becomes

Using values of equation (23) and (25) in equation (10), we get
mn(n-2)A°F
— ( )AO 0 ¢2m—2 + po

- 4KX,(2m-2)

P =P~

where P, is constant

Using the value of equation (23) in equation (8), we get

n(n-2)5m-4)AF, o
4KX,(2m-2)

R :>;i(m2 +3n2 —m—3n)p"?

0

Table-11 (Type-I1 solutions): X = X,, A= A¢" F =F,

(25)

(26)

(27)

(28)

No.| m | n | Alg) p(¢) Plg) R(g) RS
1 A’F0° 3 AR’ 2A, 1
i B St T AN N i L i R Y < S O
2 1 0¢ po 4 KXO po 4 KXO XO 0 0
_ 5AFp° 35 AFe° | 427 1
i | —2| -3 |Byg® | pro | _p 2D 20 FR+f, | =
2 3 0¢ pO 4 KXO 0 4 KXO 2X ¢ 0 0 7
i | 1] 0 B, Po - P 0 fo 0
12
iv | 3 | 2 | Bg’ P, - p, XAb FR+f, | 0
0
~ 1 AFo™* 9 A Fp* | 20A,

V| —1| -2 | Bgp? | pp+o | —p -2 | 20T ER | -2
1| -2 | B™ | Pty KX, Po=3 R X, ¢ | FR+ 1,
1|1 B 5 AR 15 AR | 2A) 5 1
vi | -2 - = FR+f, | =

2 Bop? | P75 kx, © 32 KX, xo¢ 0 3

In Table-11 of Type-I1 assumption,

It is found that the solutions (i) & (v) are not physically acceptable as the speed of sound should not be subluminal due

to negative squared sound speed.

For solutions (iii) & (iv) the pressure and density are constant & hence not acceptable.

For Solutions of (ii) & (vi), pressure and density are decreasing with increasing ¢ and O <Vs2 <Jland hence

physically acceptable

3. Solutions of Type 111: X = X,, A= A),F = F¢"

Using the values of case-111 in equation (10) and equation (11), we get
-2n(n-1) B . B> KX(p+p)

¢’ B 2B°
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B B®> 2Bn_KX(p+p)
2B 4B* 5B¢ A’F

From equation (29) and (30), we get
3 I <y .
_2n(n—21)_£+3_82+352=0

¢ 2B 4B® 5B

Assuming, B = B,¢"

Substituting the values of equation (32) in equation (31), we get

m=(-1-n)t+1-n?

A

From the values of case-lll, as K =
P=Py o=—0P

Where P, is constant

0

Using the value of equation (32) in equation (8), we get

R= 3>A(0m (m-1)p2

0

Table-111 (Type Il solutions): X = X, ,A=AF =F¢"

then equation (12), gives

(30)

(31)

(32)

(33)

(34)

(35)

X0

Noym| n Bl¢) | p(¢) | p(¢) R(g) f g
o] 0 B, | P | P 0 f,
18 _
" 0 —2 BO¢_2 Po ~ Po 2)'(AO ¢ 2 Fo(/)izR + 1,
0
18 -
el -2 Byg Po | =P $¢ ? Fo R+ f,
0
v | -1 0 B, Po | =P 0 f,
- 3A,(-3+iv/3)(-4+iv3 |
v |2 | 343 | B | B | - P A (3% )2( i3) E o Rt

Pressure and density are constant for all solutions in Table-IlI of the Type-Ill assumption and hence not physically

acceptable for the values of mandn

4. Solutions of Type IV: X = X .¢', A= A", F = F,

Using the values of case-1V in equation (10) and equation (11), we get

Bl _KX(p+p)
2B¢ A’F

B B
—+—+
B B

4B?

m(m—l)_EJr I (E'_m]_ B* _KX(p+p)

¢’ 2B 4¢\B ¢

From equation (36) and (37), we get
imm-1) B 1B 38" 11m_j,

2B B 4B? 4¢ ¢
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Now taking B = B,¢"

L. S. Ladke, R. D. Mishra* and S. R. Gomkar /

Substituting the value of equation (39) in equation (38), we get
n=(+1)+ /(1 +1)F —m?+2m(l +1)

A m
From the values case-1V, as K - g then equation (12), becomes
—2P¢
p+p=—"v
m

Using the value of equations (39) and (40) in equation (10), we get

_ (n? = 2n - nl )A’mF,

4KX,(2m-1-2)

¢2m—|—2 + po

P=—P

Where P, is constant

_n(n—2-1)5m-21-4)AF, gt

4KX,(2m—1-2)

Using the value of equation (39) in equation (8), we get

R= %(mz —~m+3n”-3n —%I(m +3n)j¢m"‘2

0

Table-IV (Type IV solutions): X = X,¢' , A= Ag" F =F,

(39)

(40)

(41)

(42)

(43)

(44)

No.| 1| m |n|B(g) p(¢) p(g) R(¢) f|v
6A, .
i 0| 0 |2]Byg Dy ~ Py X_Ao¢2 FR+
0
8
i |0 2 |2]|By D, e X—A° FR+ T,
0
2
i |0 2 0| B, P, - Py 2h FR+ 1,
0
43+57
iv [ 1] 2447 | 3| By’ P - P );i( > ) =V ER
0
4 AAR 5| 14AR 404, _
VIi1] 4 | 4|By Pt e | P T ke, x0¢ FR+T,

Solutions of (i), (ii), (iii)&(iv)of Table-IV of Type-1V assumption having constant pressure and density hence not

physically acceptable.

Solution (v) not physically acceptable due to negative squared sound speed.

5. Solutions of Type V: X = X0¢' A=A F=F¢"

Using the values of case-V in equation (10) and equation (11), we get
-2n(n-1) B B* Bl nl KX(p+
(n-) B, B Bl nl_KX(p+p)

¢2

B B> 2Bg ¢*° = AF
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B IB 2nB B?> KX(p+p)

_+ —_ J—
2B 448 5¢B 4B° A’F

From equation (45) and (46), we get
2n(n-1) B 3B°> 1B In 2nB

24° 2B 4B® 4B 44 5B
By Assuming B = Byg"

Substituting the value of equation (48) in equation (47), we get

2
m —3[[l4n2j+\/—16n2 +16n+8nl +(2+4n—1) }
2(\ ¢ 2

A
From the values of case-V, as K =
P = Pyand p=—P,

Where P, is constant

0 then equation (12), gives

Using the value of equation (48) in equation (8), we get

_3Am _ _l -2
T, [m ' 2j¢

Table-V (Type V solutions): X = XO¢' A=A F=F¢"

No. | | | m | n |B(¢)]| ple) | p0) R(g) f
: 30A, B
i | -8 2 | -1|Bg"| P | —P x—0¢6 Fod ™R+ fo
N B 12
i | -8 | -4|-1| —& Po — Po —A0¢6 Fo¢_1R+ fo
¢ Xo
iii | -4 0 | -1 | B, Po - P 0 fo
iv |-2| 0 | 0| B, Po - Py 0 fo
B 27A,
v | -2]1-3] 0 ¢—§ Po — P X, FR+ f,

(46)

(47)

(48)

(49)

(50)

(51)

All five solutions in Table-V of Type-V assumption not following the physical acceptability criteria as pressure and

density are constant.
6. Solutions of Type VI: X = X, A= Ap" ,F =F¢"

Using the values of case-VI in equation (10) and equation (11), we get
—2n(n—1)_§+ B> KX(p+p)
¢2 B 2B? A*F
-mm-1) B 2nB 2mn B®* KX(p+p)

_l_
Iz 2B 5B 5¢4° 4B2 AZF
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From equation (52) and (53), we get

lm(m—1)+ 2n(n—1)Jr B 3B 2Bn_ 2mn

[ + =
2 ¢ #* 2B 4B? 5B¢ 5¢° (54)
Now taking B = B,¢' (55)
Substituting the value of equation (55) in equation (54), we get
| =—1—4n=+,/2m* — 2m+8n” —8n+8mn + (1+ 4n)’ (56)
A m
From the values of case-VI as K - Z then equation (12), becomes
_—2p¢
Prp=—1" (57)
Put the value of (55) and (57) in equation (10), we get
mian(n—1)+21(1-1)-12]AF, P
4KX,(2m+n—-2) ° (58)
p 4n(n-1)+21(1-1)-1° |(5m+2n—-4 AF Jo?
p="F AKX, om+n—2 )00 (59)
Where P, is constant
Using the value of equation (55) in equation (8), we get
R =2 [m(m—1)+31(1-1)p"
1)+ 1) -
Table-VI (Type VI solutions): X = X,, A= Ag", F = F¢"
No.| I | 'm | n | Blg) p(g) pl9) R(g) f v,’
1
) 8ACF, .| 18A | i x Y
2 0 3
i | —2 0 —1| By P, —P— KX, P X, ¢ FR? 182} +f,1 0
0
1
) 20A°F, 76A’F, 4| 38 2( 382 )2 -35
G| =2 ~1| B | po+ S| =P, - 4 A g | ERS |+ f| o
I 5 ° ° KX, °TKX, X, 7R 18x, ) ° 19
2 4A)2Fo -2 18A0 -2 3 X 2
N =219 |0 |B Do A A el R
0
_ 9Ab2F 4| 20A, 3 20a, |
Ll -2 -1 By¢ AF, | —p+o2opt| 2 EI D i | 4
v 0 0 + 0 0 0 —
P okx, 2K%, Xo Xy 9

In Table-VI of Type-VI assumption,

Solutions (i) & (iii) are not physically acceptable as pressure and density not decreasing with increasing ¢ .Solution (ii)
having negative squared sound speed hence not acceptable. Solution (iv) is physically acceptable as satisfying the

physical acceptability criteria such as pressure and density are decreasing with increasing ¢ and 0 < VS2 <1
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SUMMARY OF RESULT AND DISCUSSION

This paper is devoted to study some static interior plane symmetric five dimensional solutions in f(R) theory of gravity.
Here we used the matter as perfect fluid and equations obtained here are highly nonlinear which can not be solved
analytically without using any technique. Here by taking six assumptions we have found some solutions and physical
acceptability measure is applied to obtain some physical acceptable solutions. Also we have evaluated energy density
and pressure.

The result is as follows.

In this assumption, four solutions are given but none of them are physically acceptable as pressure and density
are constant

In table I, Out of six solutions, two are physically acceptable.

For the solutions of the type 11, all five solutions are not physically acceptable.

In table IV, None of the solutions satisfies physical acceptable measure.

In these solutions, pressure and density are constant and therefore solutions are not physically acceptable.
Out of four solution of sixth type, solution number (iv) is physically acceptable

Here we have found 29 solutions out of which only three solutions are physically acceptable. These three physical
acceptable solutions may be useful to explore the nature of the dark energy which is responsible for accelerated
expansion of the nature.
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