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Abstract: In this paper, we investigate a five-dimensional plane-symmetric Solutions within the
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Introduction:
A key component of contemporary astrophysics and cosmology is the study of cosmological

models, which offer a theoretical framework for comprehending the universe's large-scale structure
and development. Because they are homogeneous yet anisotropic, plane-symmetric cosmological
models in particular have garnered interest as a means of characterizing the early cosmos and
investigating potential departures from isotropy. The cosmos is expanding at an accelerated rate,
which cannot be adequately explained by general relativity alone, according to mounting
observational data in recent years. In order to explain the observed acceleration and obtain a better
understanding of the dynamical behavior of the universe, this has prompted a great deal of study on
modified theories of gravity as well as the use of extended cosmological models.

Numerous observational findings over the past few decades have demonstrated that the cosmos is
expanding more quickly. This finding is substantially supported by independent evidence from the
PLANK team [11], baryon acoustic oscillations [8—10], cosmic microwave background anisotropies

[7], and Type-la supernovae experiments [1-6]. One of the most difficult issues in modern

Vol.3, Issue 1 Dec-2025




AURA - AN INTERNATIONAL BI-ANNUAL MULTIDISCIPLINARY E-RESEARCH JOURNAL

ISSN: 2348-6449 https://omb.ac.in/aura/ aurabmb@gmail.com

cosmology is still how to explain this rapid expansion. Modifications to the general theory of
relativity itself or the addition of an exotic dark energy component with negative pressure are the
two main strategies that have been put forth.

Harko et al. [12] suggested the f(R,T) theory of gravity, which is an extension of general relativity
in which the gravitational action relies on both the trace T of the energy—momentum tensor and the
Ricci scalar R. Plane-symmetric cosmological models are among the many cosmological models
that have been thoroughly studied using this modified theory.

In this context, we investigate the five dimensional plane symmetric solutions in the presence of a
quadratic equation of state with a cosmological parameter in the f(R, T) theory of gravity. The
quadratic equation of state is a more general form of the equation of state, which can describe a

wide range of cosmic fluids, including dark energy and dark matter.

By taking domain walls into account, Biswal et al. [13] examined a five-dimensional Kaluza—Klein
cosmological model in the context of f(R,T) gravity and found exact solutions using Berman's
special law of variation of the Hubble parameter, which results in a constant deceleration parameter.
In the framework of f(R,T) gravity, Dasunaidu et al. [14] studied non-static five-dimensional
spherically symmetric cosmological models with heavy strings. In the context of modified gravity
theory, Pawar et al. [15] examined a Bianchi type-V cosmological model with a perfect fluid and
heat conduction.

f (R,T) Gravitation Theory

The action for the modified f(R,T) gravity

=iff(R,T)\/§d5x+ILm\/§d5x 1)

167

Where R is the Ricci scalar, T is the trace of energy momentum tensor and (R, T) is an arbitrary

function of RandT . L_ is the matter Lagrangian density.
Varying the action S with respect to the metric tensor g;;, the field equations in f(R,T) theory of

gravity are given by

1
fR(R’T)Rij —Z f(R’T)glj —(Vi Vj _glj )fR(R,T) =872'Tij — f-l- (R,T)T“ - fT (RvT)®|J (2)
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Whereo = V' V, is the De Alembert’s operator, f, and f, are the ordinary derivatives with respect to

Ricci scalar R and trace of energy momentum tensor T respectively.
Contraction of equation (2) gives

fr(R.T)R+30 fR(R,T)-2f(R,T) =8zT - Tfy (R,T) - f1 (R,T)® 3)
Where ©=9"0, =0.

The stress-energy tensor of the matter Lagrangian is derived as

Tj =(p+ p)uiu; — pgy, (4)
The perfect fluids described by an energy density p and pressure p . The four velocity

u' =(0,0,0,1) in co-moving co-ordinates and there is no any unique definition of matter
Lagrangian. Thus we can assume

L,, =—p,which gives

©; =-2T; - pg;. (5)
Using equations (5), the field equations (2) can be written as

fR(RT)Rj —g f(RT)gjj — (Vi Vj-0jj D) fr (RT) =8Tjj + fr RT)Tjj + pfy (R.T)gjj (6)
By using the field equations for f(R,T) gravity for the choice of the functional
f(R,T)=R+2f(T)

Where f(T) is an arbitrary function of stress energy tensor of matter.

Here we consider f(T)= 4T and f'(T)= d%T where g is a constant.

We obtain the field equations (6) can be expressed as
1 ! !
R; ) Rg;=8xT; +2f'(T)T; +[f(T)+2p f'(T)]gy, (7)
Metric and the field equations

We consider plane symmetric space-time is
ds® = dt* — A*(dx* + dy*) — B*dz® —C?du® (8)
Where A ,B and C cosmic scale factors are is function of t.

By using, the field equations (7) with the help of equation (4) for the metric
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(8) Can be explicitly written as

A+E+E+E+£+£—8ﬂp+4p — (9)
A'B C AB AC BC Ho e

2A C A* 2AC
e S o+ =8 +4pu— 10
Ao T Azt A AL up (10)

2A B A* 2AB
=t —+——=8mp+4pu— 11
A gt At ag O HAPL—Lp (11)

2AB 2AC BC A?
+ +—+— =87p+ pu+2 12
AB | AC | BC Az CTPTPHTA (12)

Where overhead (¢) denotes derivative with respect to time t.

The average scale factor & spatial volume of the universe is defined as

a* =V V =A’BC (10)
The generalized mean Hubble’s parameter is given as
H=1{2A,B C (11)
4 A B C
A B C o , :
Where H, =H, = H, ) and H, =C are the directional Hubble’s parameter in the X. y z

and u axes direction respectively.

The expansion scalar is given by

0= 2A + B + ¢ (12)
A B C
The shear scalar and the mean anisotropic parameter is define as
2 _ ﬂ 2
o’ = 5 A H (13)
and
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A =

{Za‘,Hf —4H2} (14)

The deceleration parameter is given by

1
4H?

aa
q= —? (15)

Solutions of the field Equations:

Subtract Equations (10) from Equations (11)

C B
Z_2-0 16
c B (16)

Integrate Equation (18)

C =Bk (17)
Wherek is integration constant. Without loss of generality.

We assume that k =1 , so that we have

C=8B (18)
Inserting Eqgns (9)-(12), we get

2B 2AB B?
+—+?:87zp+4pu—,up (19)

i
_+_
A B AB

2A B A’ 2AB
4+ ——=8mp+4pu— 20
A "B ATt ag O HAPH—Mp (20)

4AB B? A?

——+—+—=81p+ pu+2 21

Ag gz OP P 2D (21)

We assume that shear scalar ois proportional to the expansion scalar @which gives a linear

relationship between the scale factors A & B as fallows

B=A" (22)
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Where n=1is an arbitrary constant. This constant gives that model becomes anisotropic.

Otherwise, if n=1 model becomes an isotropic model.

Subtract equation (19) from equation (20) and by using equation (22), we get equation can be

written as
A

e a- n)% (23)

Solving equation (23) with the help of equation (22), we get values of scale factor A B& C is

given as

A=(nct+c,)™, B=(nct+c,) C=(nct+c,) (24)

Quadratic EoS Solutions
The quadratic EoS has become important in the cosmological models to observe the dark energy
and dynamics of GR. Hence, we are motivated to assume the three different type of pressure and

energy density of the fluid satisfying quadratic EoS which can be expressed in the form

p=ap’-p (25)
In this case, by using equation (24) in equation (19)-(21) with help of equation (25)
We can obtain energy density, pressure of the fluid and f (R, T)gravity as

C, / 1-2n
= 26
r (nct+c,)\ (47 + p)a (26)
D= C, 1-2n ( C, 1-2n _1} (27)
(net+c,) @z +um (net+c,)\(@r+u) o
f(RT) = 6c? 22z +m) |, A4 1-2n (28)
’ (nct+c,)?| dr+u (nct+¢,) \ (47 + )
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Some kinematical properties of the model

The average scale factor & spatial volume of the universe is obtained as

1+n 2+2n

a=(nct+c,)? and V =(nct+c,) " (29)

The generalized mean Hubble’s parameter is found to be

H - ¢y (n+2) (30)
4(ncqt +¢y)

The expansion scalar of model is

_ &((+2) (31)
(nct+c,)
The shear scalar and the mean anisotropic parameter of the model is given as
2 2
—4n+1
o2 L2y (32)
3(ncqt +¢y)
4(n2 —4n+1)
m=—"—""3 (33)
(n+2)
The deceleration parameter of the model is
4(1—n
(2+n)
CONCLUSION

In this paper we have observed, five dimensional plane symmetric cosmological model with

quadratic Eos in f(r,T) theory of gravity assuming the quadratic equation of state which can be
expressed in the formp = ap? — p, We obtain the energy density, pressure for f(r,T) gravity using
f(R,T) = R+2f(T)in three cases. Some kinematical properties of the model have been studied.

Forn >1, this show that the deceleration parameter becomes negative and universe is in accelerated
expansion.

The average scale factor and spatial volume of the universe becomes constant taking for t -0,
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Ift — oo, then generalized mean Hubble parameter, expansion scalar and shear scalar are zero.
Forn >1, the value of Hubble parameter remains positive.

References

[1] Riess, A.G., Filippenko, A.V., Challis, P., Clocchiatti, A., Diercks, A., Garnavich, P.M., et al.
(1998) Observational Evidence from Supernovae for an Accelerating Universe and a Cosmological
Constant. The Astronomical Journal , 116, 1009-1038.

[2] Perlmutter, S., Aldering, G., Goldhaber, G., Knop, R.A., Nugent, P., Castro, P.G., et al. (1999)
Measurements of Q and A from 42 High-Redshift Supernovae. The Astronomical Journal, 517,
565-586.

[3] Clocchiatti, A., Schmidt, B.P., Filippenko, A.V., Challis, P., Coi, A.L., Covarrubias, R., et al.
(1999) Hubble Space Telescope and Ground-Based Observations of Type la Supernovae at
Redshift 0.5: Cosmological Implications. The Astronomical Journal , 642, 1-21.

[4] Spergel, D.N., Bean, R., Dore, O., Nolta, M.R., Bennett, C.L., Dunkley, J., et al . (2007) Three-
Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Implications for
Cosmology. The Astrophysical Journal Supplement Series , 170, 377-408.

[5] Riess, A.G., Kirshner, R.P., Schmidt, B.P., Jha, S., Challis, P., Garnavich, P.M., et al . (1999)
BVRI Light Curves for 22 Type la Supernovae. The Astronomical Journal , 117, 707-724.

[6] Knop, R.A., Aldering, G., Amanullah, R., Astier, P., Blanc, G., Burns, M.S., et al. (2003) New
Constraints on QM, QA, and w from an Independent Set of 11 High-Redshift Supernovae Observed
with the Hubble Space Telescope . The Astrophysical Journal , 598, 102-137.

[7] Spergel, D.N., Verde, L., Peiris, H.V., Komatsu, E., Nolta, M.R., Bennett, C.L., et al . (2003)
First Year Wilkinson Microwave Anisotropy Probe (WMAP) Observations: Determination of
Cosmological Parameters. The Astrophysical Journal Supplement

Series , 148, 175-194.

[8] Nojiri, S., Odintsov, S.D. and Sami, M. (2006) Dark Energy Cosmology from Higher- Order,
String-Inspired Gravity, and Its Reconstruction. Physical Review D, 74, Article ID: 046004.

[9] Kamenshchik, A., Moschella, U. and Pasquier, V. (2001) An Alternative to Quintessence.
Physics Letters B, 511, 265-268.

[10] Martin, J. (2008) Quintessence: A Mini-Review. Modern Physics Letters A, 23, 1252-1265.

[11] Ade, P.A.R., Aghanim, N., Arnaud, M., Ashdown, M., Aumont, J., Baccigalupi, C., et al .
(2015) Planck 2015 Results. XI11. Cosmological Parameters. arXIV: 1502.01589.

Vol.3, Issue 1 Dec-2025




AURA - AN INTERNATIONAL BI-ANNUAL MULTIDISCIPLINARY E-RESEARCH JOURNAL

ISSN: 2348-6449 https://omb.ac.in/aura/ aurabmb@gmail.com

[12] Harko, T., Lobo, F.S.N., Nojiri, S. and Odintsov, S.D. (2011) f (R,T) Gravity. Physical Review
D, 84, Article ID: 024020.

[13] A.K. Biswal, K.L.. Mahantal, and P.K. Sahoo, "Kalunza— Klein cosmological model in f (R, T)
gravity with domain walls,” Astrophys Space Sci.359, 42 (2015). https://doi.org/10.1007/s10509-
015-2493-2

[14] K. Dasunaidu, Y. Aditya, and D.R.K. Reddy, "Cosmic strings in a five dimensional spherically
symmet ric background in f (R, T) gravity,” Astrophysical Space Science, 363, 158 (2018).
https://doi.org/10.1007/ s10509-018-3380-4

[15] D.D. Pawar, R.V. Mapari, and J.L. Pawade, ”Perfect fluid and heat flow in f (R,T) theory,”
Pramana J. Phys. 95, 10 (2021). https://doi.org/10.1007/s12043-020-02058-w

Vol.3, Issue 1 Dec-2025




