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Introduction

In the explain of cosmological models, anisotropic Bianchi-type universes provide an important extension beyond the highly
symmetric Friedmann-Lemaitre—Robertson-Walker (FLRW) model. Among them, the Bianchi Type-V space-time is
significantly as it represents a spatial homogeneous but anisotropic model with negative curvature often considered a
generalization of open FLRW universe. Such models allow for a more detailed description of the early Universe, where
anisotropies and non-equilibrium processes may have played a significant role before universe evolved toward the nearly
isotropic state observed today.

Bianchi universe models are spatially homogeneous that in general are anisotropic. Due to this, Bianchi type models are
important in which the process of isotropization of the universe is studied through the passage of time.

Adhav K.S. M studied the exact solutions of f(R,T) field equations for exact solutions of Bianchi type-lI space-time. Farasat
Shamir M. et.al. 2! obtained the exact solutions of Bianchi type | & V model f(R,T) gravity by using constant deceleration
parameter. Reddy D.R.K et.al. [¥] Examined the LRS Bianchi type-I1 universe in f(R, T) theory.

Kumar and Singh [ discussed Bianchi type-1 space-time in general relativity in presence of the perfect fluid. Singh and Baghel
81 examined Bianchi type-V cosmological model with Bulk Viscosity. Kiran M. et.al. ! Examined non-existence of Bianchi
type-I11 Bulk viscous string cosmological model in f(R, T) gravity. Goswami et.al. [ studied modeling of accelerating universe
with bulk viscous fluid in Bianchi type-V space-time. Sahoo P. and Reddy R. (2018) ®! studied LRS Bianchi type-I bulk viscous
cosmological model in f(R, T) theory of gravity. Singh J.P. ¥ studied Bianchi type-V cosmological model with time dependent-
A. Tiwari L.K. et.al. "% studied Bianchi type-V cosmological model with viscous fluid and varying A. Also, Tiwari R.K.
explained phase transition of LRS Bianchi type-l cosmological model in f(R, T) gravity. H.R. Ghate et.al. % studied Bianchi
type-1X viscous stringing cosmological model in f(R, T) gravity.

Bianchi type-IIl cosmological model in Lyra geometry in the presence of massive scalar field by Singh J.K. et.al. 2 Maurya
D.C. Ml investigated modified f(R, T) cosmology with observational constraint in Lyra Geometry. Hegazy E. A discussed
Bulk viscous Bianchi type-1 cosmological model in Lyra geometry and in general theory of relativity.
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Desikan K. [*31 explained cosmological models in Lyra Geometry with time varying displacement field. Ram S. et.al. [*61 studied
Kantowski Sachs cosmological model with anisotropic dark energy in Lyra Geometry and recently Bishnu Prasad Bramha et.al.
(7] studied bulk viscous Bianchi type-V cosmological model in f(R, T) gravity. Above investigation motivate us to study the
Bianchy type-I11 cosmological model in (R, T) gravity with perfect fluid as matter source based on Lyra geometry.

“Recent high-precision observational data indicate that our universe is undergoing an accelerated expansion (Riess et al. [¢l;
Perlmutter et al. 1), In addition, CMB radiation (Spergel et al. ) and large-scale structure surveys (Tegmark et al. 1) also
provide indirect evidence for this late-time cosmic acceleration. The phenomenon is generally attributed to the front of a
mysterious component, termed dark energy. In this context, Nojiri and Odintsov 2 proposed a general framework for unifying
the matter-dominated era with accelerated epoch within scalar—tensor theories and dark fluid models. Furthermore, Nojiri and
Odintsov 2% discussed a comprehensive review of modified gravity theories, which have emerged as a viable gravitational
alternative to explain dark energy.”

In the present work, we focus on the construction and analysis of a Bianchi Type-111 model in the region of electromagnetic field
and a bulk viscous fluid in modified gravity theory. The study emphasizes the effect of matter and fields on evolution of
cosmological model. Insights from this work may contribute to a better understanding both the early anisotropic universe and
the mechanisms driving the present cosmic acceleration.

The paper is organized as follows: In section 11, formalism of f(R, T) gravity based on Lyra geometry. In section 111, we discuss
metric and field equations. Solution of the field equations is given in section IV physical and kinematical properties in section
V and in last section discussion and conclusion.

Lyra’s geometry and modified f(R, T) gravity
The curvature tensor of Lyra geometry is given by

Rips = 47 [555(455) = 555 (a5) + 42 (55 = o) ®

where 17(‘, = 172, — % 6 ji @sWhich is not symmetric with respect to j and . In Lyra geometry, unlike Weyl geometry, the connection

is metric preserving as in Riemannian geometry which indicates that length transfers are integrable. Then, the curvature scalar
of Lyra geometry will be

R= AR +347W,p' + 2 p'p; + 247 (logA? ), o' )

Wheregp! = gij(pjis calleddisplacement vectors field of Lyra geometry and R is the Riemannian curvature scalar
The action for f(R, T) theory of gravity using Lyra geometry is given as

§ = 1o ] FRT)=gd* + [ Ly [=gd*x, ‘)

lé6nG

Using A =1 and L = R through the equation (2) results in
R=R+3Vip'+20'0, (4)

WhereR, T, gand L,, are function the Ricci scalar, the trace of the stress-energy tensor of matterT; ;» the determinant of the metric
tensorg;; and the matter Lagrangian density respectively.
The stress-energy tensor of matter is defined as

Tij:_ﬁ sgi !

and its trace is given by T = g T;;.
Assuming that the Lagrangian densityL,, of matter depends only on the components of the metric tensor g;; rather than its
derivatives. Hence, we obtain

OLm
Ty = gijlm = 255 (6)

Varying the action Swith respect to the metric tensor g;;, the field Equations in £ (R, T) theory of gravity are given by

fHEDR -2 fR D)z, ~(V,7, -g,)

G

fRR.T) = 22T — fr(R,T)(Ty + 6), ™
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Where@ij = _ZTL] + glem - Zglm agijaglm (8)
Here fz(R,T) = af:;'T).fT(R', T) = %,DE viy,
whereV;is covariant derivatives.
If the matter is treated as perfect fluid, then T;; for bulk viscous fluid in connection with an electromagnetic field is
Ty = (P + p)uwu; —pg;j — Eij 9)

Where p =p — 3¢6H = wp

We considerp, pand &(t) are function of t.here pis the total pressure which includes the proper pressure p,pbe the rest energy
density of the matter, £(t) denoted as the coefficient of Bulk viscosity, 3¢His generally known as Bulk viscous pressure, Ej;is
Electromagnetic energy tensor defines as

1
Eyj = —Fy F¥ gyj + S FapF* gy (10)

The bulk viscous fluids described by an energy density four velocity vector isu’ = (0,0,0,1) in the co-moving co-ordinate system
satisfying the condition u;u* = 1and u;V;u' = 0. Since there is no any unique definition of matter Lagrangian. Thus, we can
assumeL,, = —p, which gives

0;j = —2T;; — DYij» (11)

Since the field equations in f(R,T) gravity also depend on the physical nature of the matter field through the tensor g;;, we
obtain several models for each choice of f.Three explicit specification of the functional form fhas been considered in Harko et.
al. Constructed the one frame of £ (R, T) gravity as follows:

fR.T) = fi(R) + fo(T) (12)

Using equations (12), the field Equations (7) can be written as

8mG

~ ~ 1 ~
fﬁ (R,T)Rij —-— fl(R,T)gij —(Vi Vj —gij
2 0)f, R T) = -2

T+ f,(T)Ty; + [f’Z(T)p + %fz (T)] i) (13)

In this case f (R, T) gravity field equation for perfect fluid matter by assuming f;, = ARandf, = ATwhere Ais taken as arbitrary
constant.
The Einstein’s field equations (13), reduce to obtained

~ 1= 81G — ic? 1
R; —=Rg;= zc ijt p+-T19;
2 ac 2
(14)

Inserting equation (14) by using equation (4),we obtain field equations in Lyra geometry as given by

~ 1 3 3 : 1
R; _ERgij+§¢l¢j _Zgij¢|¢l =—HTj; +|:p+ET:|gij

(15)

Whereg’/ = (0,0,0, 5(t))is displacement vectors field and

8mG—Ac?.
p = ———is called scale factor.
Metric and field equation
We observed the Bianchi type-I11 space time whose metric is

ds? = dt? — A%(t)dx? — e 2% B2(t)dy? — C?*(t)dz* (16)
Here the metric potential A, B and Care function of time t and ais treated as constant.
Solving field equation (15) with (10), and metric (16) gives following equation
B ¢ BC 3 _@@6m+31;) - Ap | (Fiz)?e™2™X [(8m+34,)
pretpet s =Ny - e (e [T (17)
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@

Solutions of the field Equations

Integrate equation (21), we get

A = Bk Where kis integrating constant

Without loss of generality kcan be selected as unity

A=B (22)

Solution of the equation (17) to (20) reduced into independent equation is given as

B ¢  BC 3 16m+313) - A Fi3)%e~2™M% [(8m+31
_+_+_+_ﬁ2=( 2) - _ A2p | (Fi3) [( 2)] (23)
B C BC 4 224 224 242C?
B, B> 3 a?  (16m+3Ay) - Ayp . (Fi3)%e”?™X [(8m+313)
2848 (3pe & Qomih); ap | ] 24
B + B2 + 4ﬁ B2 224 224 2422 ( )
B? BC 3 a? 16m+31 A2p Fi3)%e™2™% [(8m+31
_+2_+_ﬁ2_—=( 2) AP | (Fi3) [( 2)] (25)
B2 BC 4 B2 224 224 2422

We obtain three independents from equation (23) to (25) which are highly nonlinear containing six unknownsA, B, C, B, pandp.
Now to obtain a definite solution.we use following physical conditions.
The shear scalar a2and scalar expansion @are proportional

B=cC™ (26)

Where mis non zero constant.i.e.m # 0
Subtracts equation (23) from (24) and applying equation (26), we get

P

= +(2m— ) W (27)
We take g(C) = C
From equation (27), we obtain

dg? | 2(2m-1)g*? _  2a?

“ac c ~ mczm-1 (28)
Which is linear differential equation in g2(C)
We obtain the solution as

R

C=m ([‘”mc t+ kz) " (29)

B=m(["]t+k,) (30)

A= m ([ e+ k) @3
Then metric equation (15) reduce to

m)
ds? = dt? —m? ([ ¢ + k) [dx + e Gy 4 (gt + k) o dz? (32)

30|Page


http://www.mathresearchjournal.com/

International Journal of Applied Mathematics and Numerical Research www.mathresearchjournal.com

Physical and Kinematical properties of the model
The spatial volumeV and the scale factor a are given by

2m+1

V=m?3 ([a+mc] t+ kz) e (33)

2m
—ax

a=m ([Mmc] t+ kz) sm eT (34)

The generalized Hubble parameter H and the scalar expansion 6

_ (2m+1) a+mc
n-em () @
9 = (2m+1) a+mc (36)
T m([a+mc]t+k2)
The shear scalar o2
5 (m-1)?2 (a+mc)?
= 37
= () @

The mean anisotropy parameter

A, = 2(m-1)>? (38)

(2m+1)2

The deceleration parameter

_ (m-1)
T (2m+1) (39)
Subtract equation (23-24) by applying equation (22), we get displacement vector field are given by
3 5,2 —(m+1)2 (a+mc)? )
3p2 — 40
4ﬂ 3m? (m ([a+mc]t+k2) ( )
We obtain energy density of the matter
1 (m —1)(a+mc)Z
41
Ee 1= )
Total pressure and proper pressure given as
13) m2a?-(m?-2m-1)(a+mc)? _
= 42
([a+mc]t+kz) [ m#* ] p ( )
m?a?—(m?-2m-1)(a+mc)?
+3¢H = 43
([a+mc]t+k [ me ] $ p (43)
The function of Ricci scalar and f(R, T) gravity is given by
~ 1 (2m?-4m-2)(a+mc)?-m?a?
R = 44
By “
1,.,.~ 1 (6m?—10m-6)(a+mc)?—4m?a?
SRT) = P (45)
A ([ ]t +k ) [ m ]

Summary and Conclusion
In this paper, we have studied Bianchi type-111 cosmological model with f (R, T) gravity in the presence of electromagnetic field
based on Lyra geometry. To solve the field equations, we use shear scalar o 2and scalar expansion 8 are proportional and obtained
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B = C™where m is arbitrary constant and B and C are metric coefficients.

It is observed that Generalized Hubble ParameterH, scalar expansiond, and shear scalar o2decrease with passage of time. the
parametersH, 8,c2are all infinite at ¢ = 0.For m = Odecelerating parameter g = —1 this indicates that universe is in
accelerating phase. From the equation of spatial volume it is observed that the universe expands uniformly with increase of time.
Model is isotropic for m = 1 otherwise it is anisotropic.

References

Adhav KS. Astrophys Space Sci. 2012;339:365.

Shamir MF, et al. arXiv:1207.0708. 2012.

Reddy D, et al. Glob J Sci Front Res A. 2013;13(A2).

Kumar S, Singh CP. Astrophys Space Sci. 2007;312:57.

Singh JP, Baghel PS. Int J Theor Phys. 2010;49:2734.

Kiran M, Reddy DRK. Astrophys Space Sci. 2013;346:521-524. doi:10.1007/s10509-013-1459-5.

Goswami GK, Yadav AK, Mishra B, Tripathy SK. Fortschr Phys. 2021;69(6):2100007. doi:10.1002/prop.202100007.

Sahoo P, Reddy R. Astrophysics. 2018;61:134-143. d0i:10.1007/s10511-018-9522-0.

Singh JP, Baghel PS. Electron J Theor Phys. 2009;6:85-96.

10. Tiwari LK, Tiwari RK. Preprints in Space-Time J. 2017;8:1509-1520.

11. Tiwari RK, Sofuglu D, Dubey VK. Int J Geom Methods Mod Phys. 2020;17:2050187. doi:10.1142/S021988782050187X.

12. Singh JK, Rani S. Int J Theor Phys. 2015;54:545-560. doi:10.1007/s10773-014-2247-x.

13. Maurya DC. Int J Geom Methods Mod Phys. 2020;17:2050001. doi:10.1142/S0219887820500012.

14. Hegazy EA. Astrophys Space Sci. 2020;365:1-8. doi:10.1007/s10509-020-03836-z.

15. Desikan K. Afr Rev Phys. 2020;15:32.

16. Ram S, et al. Proc Natl Acad Sci India A Phys Sci. 2020;90:109-114. doi:10.1007/s40010-018-0549-8.

17. Bramha BP, Dewri M. Front Astron Space Sci. 2022. doi:10.3389/fspas.2022.831431.

18. Riess AG, et al. Observational evidence from supernovae for an accelerating universe and a cosmological constant. Astron
J. 1998;116(3):1009-1038.

19. Perlmutter S, et al. Measurements of Q and A from 42 high-redshift supernovae. Astrophys J. 1999;517:565-586.

20. Spergel DN, et al. First-year Wilkinson Microwave Anisotropy Probe (WMAP) observations: Determination of
cosmological parameters. Astrophys J Suppl Ser. 2003;148:175-194.

21. Tegmark M, et al. Cosmological parameters from SDSS and WMAP. Phys Rev D. 2004;69(10):103501.

22. Nojiri S, Odintsov SD. Modified f(R) gravity consistent with realistic cosmology: From matter dominated epoch to dark
energy universe. Phys Rev D. 2006;74(8):086005.

23. Nojiri S, Odintsov SD. Modified gravity and its reconstruction from the universe expansion history. J Phys Conf Ser.
2007;66(1):012005

COeNoR~WNE

How to Cite This Article

Mishra RD, Tripade VP. Bianchi Type-111 model in the presence of electromagnetic field with Lyra geometry in modified
gravity.  International  Journal of  Applied Mathematics and  Numerical Research. 2026;2(2):35-40.
doi:10.54660/IJAMNR.2026.2.2.35-40.

Creative Commons (CC) License

This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International (CC BY-NC-SA 4.0) License, which allows others to remix, tweak, and build
upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical
terms.

32|Page


http://www.mathresearchjournal.com/

