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1. Introduction

Universe accelerated expansion confirmed by observations of Type la supernovae, cosmic microwave background radiation,
and large-scale structure surveys, has motivated the study of modified gravity theory as alternatives to Einstein’s General
Relativity [*-31. Among these theories, f(R) gravity has received considerable attention due to its ability to explain late-time
cosmic acceleration without invoking dark energy ¥, Further generalization led to the formulation of f(R,T) gravity,
introducing matter—-geometry coupling effects [,

Anisotropic models play a crucial role in understanding the early stages of the cosmos. Kantowski—Sachs space-time, originally
proposed to describe homogeneous but anisotropic cosmologies, has been extensively studied in both General Relativity and
modified gravity theories 1. Such models are useful in explaining anisotropic expansion, black hole interiors, and cosmological
singularities [,

Another important geometrical modification in gravity was proposed by Lyra, who introduced a gauge function into Riemannian
geometry, leading to what is now known as Lyra geometry ', Unlike Weyl geometry, Lyra geometry preserves the integrability
of length transfer and introduces a displacement vector field that plays a role analogous to a cosmological constant 12231, Sen
and Dunn developed field equations in Lyra geometry which were later applied to various cosmological models 24151,

Several authors have explored cosmological solutions of Bianchi and Kantowski—Sachs space-times in Lyra geometry and
studied the influence of it on universe’s dynamics [*¢-11, More recently, modified gravity theories combined with Lyra geometry
have attracted interest, as they provide richer cosmological behavior and improved consistency with observations 18221,

The f(R,T) theory of gravity, introduced by Harko et al., allows for explicit dependence of the gravitational action on matter
content, leading to non-conservation of the energy—momentum tensor and novel cosmological implications %1, Exact solutions
in £(R,T) gravity have been obtained for various anisotropic models, including Bianchi and Kantowski—Sachs universes [24-2],
Motivated by these developments, the present work aims to study a Kantowski—Sachs model in f(R, T) under Lyra geometry.
And assuming source as perfect fluid, we derive exact solutions using a physically motivated condition relating to 6 and o.
Models kinematical and physical properties are analyzed in details.
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Lyra’s geometry and modified f(R, T) gravity

Lyra geometry is based on the modification of Riemannian
geometry which closely resembles to Weyl’s geometry. In
this Lyra geometry, Lyra proposed a displacement vector
between to neighboring points and its components is A =
dx‘. The coordinates x‘and the gauge function Aconstitute
the reference frame(4, x*%).

The curvature tensor of Lyra geometry in the Riemannian
geometry and is given by

9 ~i -
Riog = A2 525 (AD5) = 5.5 (4T) + 4*(T 57 -
i) (1)
1
Where [}, = [j; — Ed}(pa
Here length of the vector is conserved upon parallel

transports.
Then, the curvature scalar is

R = AR +347W,p' + 2 p'p; + 247 (log A2),; ¢*
2)
Wherep' = g% g;is called displacement vectors field , R =

Riemannian curvature scalar.
The action for f(R,T) using Lyra geometry is

= —— [f(RT)J=gd*x + [ Ly J—gd*x,  (3)
Using A=1and L = R , we obtain
R=R+3V' + %(p"q)i (4)

WhereR =function the Ricci scalar, T = the trace of stress-

energy tensor of matter, g = determinant of g;; L,, = matter
Lagrangian density and Tj; is defined as
_ 2 8(=gLlm)
T = —ﬁTij-m. ®)
& T =g"T;

Assuming L,, depends only on the components of g;; , we
obtain

ALm

Tl] = giij -2 a9’ (6)

Varying the action with respect to g;;, we get,

-~ o~ 1 =~
fﬁ(RvT)Rij Y f(RvT)gij -V Vi-0; ~
orc Ofr(RT) =
it
-2 fT(R T)(Tl] + QL]) (7)
92
Where Qij = _2Tij + gULm - ZglmW (8)
_Bf(RT) Af(RT)

Herefz(R,T) = fr(R,T) = 0=
Vi 7;WhereV;is covariant derivatives.
Assume perfect fluid as source matter, T;; is derived as
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Ty; = (p + P)wu; — Dgij» %)
The perfect fluids is described by p,p & u’ = (0,0,0,1) in
moving co-ordinate system satisfying w;u’ = land w;Vju' =
0.

We can assumeL,, = —p, which gives

0;j = —2Ty; — Dgij» (10)

Harko et. al. considers three functional form of f (R, T).
In this paper, we considered

fR.T) = fi(R) + fo(T) (11

Where f (R, T) is function of traces of the stress tensor.
Using Eqgns (11), Egns (7) becomes

N

f=(R,T)Rii ——f (R, T)gii — (Vi Vi —0ii

R ij ij I R N
2 DART) =

8nG ' ' 1

2Ty + ATy + [HMp +1£M] 95 (12)

In this case f(R,T) gravity field equation for perfect fluid

matter by assuming f; = ARandf, = ATwhere Ais taken as

arbitrary constant.
With this condition equations (12), reduce to

~ 1~ 81G — Ac? ~ 1
R; ng” —[ZCJTU +{D+ZT}QU
Cc

Using Eqgns (4) in (13) ,we obtain

(13)

1 3 3 ; ~ 1
Ry _ERgij+§¢i¢j _Zgij¢i¢J :_hTij +|:p+ETj|gij
(14)

Whereg’ = (0,0,0, 8(t)) is displacement vectors field and

8TG—A
h= u|s called scale factor.

Metric and the Field Equations
Kantowski-Sachs space time is

ds? = dt? — A%(t)dr? — B2(t)[d6? — sin? 0 d?]

(15)
Here A = A(t) &B = B(t).
Kantowski-Sachs Ricci scalar is
24 4B 4AB 2B 2
R—7+B+H+?+? (16)
Where dot (*) denotes with respect to t.
Solving Egns (14) with (9) & (15) gives
+ + ;+3 2B =hp —~[p — 7l 17)
+ + ;+2 2p? = —hp —~[p — 7] (18)
A BLAB 3o 45 L1, 5
Stst o tIB =—hp—5lp Pl (19)
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Kantowski-Sachs Solution of field equation
Subtracting Egns (17) from Eqns(18),we get

B 248 _ N

5= = —hlp+P) (20)
Similarly Substract Eqns(17) from Eqns(19),we get

A B AB 1 B* __ ~

~ts g o= hp+D) (21)

Here, we have two Eqns(20) and Eqgns(21) with four

unknowns 4, B, p&p.

Now to obtain a definite solution, we use 8ao which gives
A=B" (22)

By Solving Egns (20) and Egns (21), we get independent

equation is given as

+ E - E - E = 0 (23)

Inserting A = B™ in Egns (23), we get

. 2_ .

@ Vp2_ 1 (24)

nB nB

Now we takeg(B) = B, we get

dg® | 2071 5 _ 1

dB w5 9 T B (25)

Which is linear differential equations.

g= /m + k, where ks constant of integration

Solving Egns (25), we obtain

n

_ 1+2(n2—1)k1)5 n
A—(iz(nz_l) t" + ky

1

_ (1+2(n®-1)k;\2
B= ( 2(n2-1) ) t+k,

Where k,is constant of integrations
Without loss of generality, we can take k, = 0, value of
AandB, becomes

n
_ (1+2(n%-1Dk1\2
A _( 2(n%-1) ) t
1
_ (1+2(n®-Dk1\2
B _( 2(n2-1) ) t (26)

Putting the value of scalar factor Aand Bin Egns (15),
Kantowski Sachs Solution becomes

ds? = di? — (M)n $2ngp2
2(n%2-1)

1+2(n2-Dk1\ ,2 ;42 1+2(n2-1)k1\ ,2 . 2 2
(—z(n2—1) )t de +(—2(n2_1) )t sin“8de
(27)

www.mathresearchjournal.com

Physical and Kinematical Character of the Model
Adding Eqns(17) and Eqns(18),we get displacement vector
4 (1+2(n2—1)k1)_1

-2 4(n+1) -2
——t
3 2(n%2-1) 3

p*=-— (28)

Using Eqns(18) and Eqns (20),we obtain pressure and energy
density as

-1

~_2n 1+2(n%-1)ky 2

P=% + ( 2(n2-1) ) t (29)
_1-n? _ 14+2(n%-1)kq -1 2
g2 ( 2(n2-1) ) t (30)

Function of Ricci scalar (R) is

Y 1422k ] | 3 42
R =12t [(n +n+1)+(72(n2_1) ) ]+2,8
(31)

The f(R, T) gravity is

~ _ o [(n?-an-1) 12?1k \ 11 3 2
f(R'T)_A[ 2 +( 2(n2-1) ) t_2+5ﬁ ]
(32)

The spatial volumeV and the scale factor a are given by

n+2

_ (1+2M%-Dk1\ 2 42 -

V= (—z(n2—1) ) t"* e sin 6 (33)
2 ntz n+2 1

_ (1+2(n“-Dki\ 6  —= . =

a= (72(712_1) ) ts sin3f (34)
The parameter H and the scalar expansion 6
n+2

H=(%) (35)
0= ”T“ (36)
The shear scalar g2
g2 = 37)

3t2

Summary and Conclusion

We studied kantowski-sachs cosmological model in Lyra
geometry based on @ = g"0;; = 6;. gravity, Here perfect
fluid is taken as source of matter. A linear form f(R,T) =
fi(R) + f,(T) proposed by Harko et.al. is used. kantowski-
sachs solution of field equation are solved by taking
expansion scalar @proportional to the shear scalar gwhich
gives A = B™.Equation of spatial volume, indicate that
universe is expanding. Generalized Hubble parameter has
finite positive value, this shows that universe is expanding
and as time increases, expansion rate slows and tends to zero
when time tends to infinity.
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This shows that universe expansion rate is fast during early
period and slowing as time increases. From equation of shear
scalar, it is seen that, shear scalar has finite value at initial
stage and it is tending to zero as time approaches to infinity.
This indicates that universe anisotropy is tending towards
isotropy over time. Equation for expansion scalar 6which
measure the rate of expansion tends to infinity for t — Oand
vanishes for t — oo.
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