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Abstract

In f(R, T) theory of gravity, we have studied the interacting scalar field and electromagnetic
fields in Bianchi type 111 space-time, by considering the general cases

f(R,T)=fi(R)+ AfL,(T), f(R,T) = fi(R)f,(T) and f(R,T) = f(R) theory and its particular
cases f(R,T) =R+ AT, f(R,T) = RT, f(R) = R. Itis observed that, even though the cases of
f (R, T) theory are distinct, the convergent, non-singular and isotropic solution of metric
functions can be evolved in each case along with the components of vector potential,
corresponding to suitable integrable function in general cases.
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1. Introduction

Cosmological data from wide range of source have indicated that our universe is undergoing an
accelerating expansion [2-8]. To explain this fact, two alternative theories are proposed: one
concept of dark energy and other the amendment of general relativity leading to f(R) and
f(R,T) theories [3, 4, 5] where R stands for Ricci scalarR = gifRij, R;jbeing Ricci tensor
T= gifTij ,T;; being energy momentum tensor. The field equations of f(R, T) theories due to
Harko [3] are deduced by varying the action

s=[fRT)/-gd*x + [ Ly /—gd*x (1.1)

where L,, is lagrangian and the other symbols have their usual meaning. Energy momentum
tensor is given by

8L
Tij = Lmgij = 255 (1.2)

Varying the action (1.1) with respect to g which yields as
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_ f(R T)§(V-9) §(LimV=9)
__f{fR(R T) l]+fT(R T) \/_ 5l +\/__Q(W)},/—gd4x (1.3)
Here we define

6Ty

By defining the generalized kronecker symbol =4 “6 £ we can reduce

5g%P
gu af — 6 6'8Ta,8 - gpagplg ng]Taﬁ - Tl]

Using above equations we can write

8T 8(g*PTap)  5g°F
5gl - 59l - 5gi

5Tq
T(Xﬁ + g(lﬁ 6 B Tl] + 01]

Integrating (1.3), we can obtain
faR,T)Ry =5 fF(R,T) gy + (950 — ViV fe R, T) = xTy — fr(R T[Ty + 6] (15)
This can be further written as
fr(R, T)G;j + 5 [fR(R T)R — f(R,T)]gij + 9ijBfr (R, T) — ViV fr(R, T)
= xTi; — fr(R.T)[Tij + 6]  (L.6)
where  G;; = Ry; —%Rgl-j
Taking trace of (1.5), we obtain
Ofe(R,T) = f(R,T) = fa(RTIR+5T = 2 fr (R )IT + 6] (L7

Inserting (1.7) in (1.6), we can reorganized as

u _ " 1
6 = s 9"V R D] - S R DR + (R, Dg)
X _ 1o pw], 1fTRT) p_ frRD) rop "
+fR(R,T) [ J 3 Tg]] + 3 frR(R,T) [T + g]gl frRQRT) [7} + 9] ] (18)

Let us now calculate the tensor 8;;. Varying (1.2) with respect to metric tensor g" and using the
definition (1.4) we obtain
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SL 82L
o= —T.. o0fm _ _af m
0;; =—T;+2 [agij g° Sgijagaﬁ] (1.9)

With this background, in this paper we discover the Bianchi type 111 space-time with interacting
scalar field with electromagnetic one.

2. Matter field Lagrangian L,,

The electromagnetic field tensor

_ aV,: an
T ox)  axi’

where V; is electromagnetic four potential.
The aforesaid the matter Lagrangian can be expressed as
1 1

Ly = [ZFT)TFT]T - E(p,n(p'nlp]' (2.1)
where Y =y(D), I = V;V?
The functiony characterizes the interaction between the scalarg and electromagnetic field [8].
Then the energy momentum tensor in (1.2) can conveniently be expressed in the mixed form

T} = (ELEF + 2 giFapF®) = [S0g) — 9V | 000" + v, (22)
Similarly the tensor 9} in (1.9) can be written in mixed form as

0f = —T — (¥ — IY) ', + 1o, V'V, (2.3)
The equations (2.2) and (2.3), after contraction yield

T =~ —I)p,e" (2.4)

0 = > " (2.5)

3. Bianchi type 111 space-time
We consider the Bianchi type Il space-time specified by
ds? = A%dx? + B2e™2™*dy? + C?dz? — dt?, (3.1)
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where A, B, C are functions of t and m is non-zero constant.

The non-vanishing components of Einstein tensor are

B . C , BC A ¢ . AcC
Gf =—+-+—, G2=24544
B c BC A c AC
m?> A B AB m[A B
G3=—-——=+=+-+= , G1=—[———]
A2 A B AB A% 1A B

Electromagnetic field tensor F;;

To achieve the compatibility with the non-static space time (3.1), we assume the electromagnetic
vector potential in the form

Vi = [a@)V1 (), V2(0), V3 (1), Va(D)] 3.2)

Then it is easy to deduce

2 2 2 2
[ = [% +Le2mE 4 2 V42] (3.3)
F14 = aVl ) F24_ = VZ y F34_ == V3 (34)
- 20 2 .2 .2
F;FU = —2 [%+%e2-x +‘%] (3.5)
Pip't = —@° (3.6)

In reference to the above quantities at our disposal, the components of energy momentum tensors
from (2.2) becomes

.2 .2
1_1a2V1 1V omx 1V3 ZaV1
Tl - 2 A2 2 B2 e 2 C2 + - l/J lp(p (37a)
V. 'A%
T =2 1”2 — P2 L2 (3.7b)
V. ViV
T =2 1”3 —pp? =22 (3.7¢)
"AA%
T} = ¥ 20‘14 (3.7d)
2 _ _1a? V1 EVL 2mx 1V3
T; = > a2 +2 57 € >z + - 1/) 1/)(,0 (3.7¢)
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Vo3 p2mx 2V2V3 p2mx
T3 =27 — ¢

BZ
T3=_l“2V12_1V2 eme+1V3 +11/)'2—1/)'2Vi2
3 2 A? 2 B2 2cz V9 P 2
1022 1v° 12 1, .o o2
T4 == 1 mx 1
4 2 AZ +ZBZe +zc2 le(p +l/)(p V4-
_ i 2
T=0-1Y)e

Similarly the components of tensors 9} from (2.3), assumes the values

zaVl

o1 = ~T! — 1Yo
0} = —T} — I =22

0?}=_ _11/) ZCZV1V3

0} = —T} — I =22

oo Vo2
03 = ~T — 1?2 e
95 — —T3 _ Il/) 2 V2V3 me
63 = T3 — i 2

0f = =T + (Y — ) p? + IPp2V,*

6 = —I%¢?

(3.7f)

(3.79)

(3.7h)

(3.7i)

(3.8a)
(3.8b)
(3.8¢)

(3.8d)

(3.8¢)
(3.8f)
(3.80)

(3.8h)

(3.8i)

Following Saha [1] the variation of the matter LagrangiamL,,, in (2.1) with respect to the

electromagnetic field gives us

\/_6x1 = (J=gF9) = (¢, ypA =0, where 4 = %

Noting (3.2) and (3.4) above equation gives the following

.2 . . . .
Mo C L B Al o
V12+V1[C+B A] Yo

forl—1]—4:>(V1)+

-

forl—2]—4:(2)+—+V2[A T3
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for i=3j=4=(2 )+V—+ [2+4-5] = g2 (3.9¢)
fori=4,j=1= a(x) = ke™ (3.9d)
fori=4,j=4=V,=0, (3.9¢)

where k; is constant of integration.

Since the expression of the Einstein tensor in (1.8) is complicated, the solution of the Einstein
field equation in general cannot be obtained. With this reality we take recourse to the particular
cases of the function f (R, T) and there upon try to obtain the solution.

4.Sub case f(R,T) = f1(R) + Af,(T)

In this case we follow the notations

fr®RT) =ZLED=£R), fr(R,T) =222 = 2f,(T)

Then (1.8) reduces to the form

6 = = [gH VAR - s [ARR + A (R) + A, (D gl + [T ~21gk| +

A f(T) AL [mp I
0 [T + 619} ) [Tj + 6 | (4.1)

Since for the space time (3.1), we have
G}=0, G}=0, G2=0

Using (3.7) and (3.8), the field equations (4.1) yield

o2 =g =2 (DI (4.23)
Zi—:z = P¢? — %fz(T)Il])sz (4.2b)
VzV3 _ ¢ 2 _ —fz(T)Il,[)QD (4.2c)

From (4.2), we can write

2= A = g2 — 2 f, (D12 43

AR AZERAZ

Prespacetime Journal Www.prespacetime.com
Published by QuantumDream, Inc.



Prespacetime Journal | November 2016 | Volume 7 | Issue 13 | pp. 1766-1785 1772
Solanke, D. T. &Karade, T. M., Bianchi Type Ill Universe Filled with Scalar Field Coupled with Electromagnetic Fields in f(R, T)
Theory of Gravity

or we can rewrite it as

Ve _ Vs _ M
e say , (4.4)

where h; is some unknown function of t.
Inserting (4.4) in (4.3) it yields
N
hq
)

Up on the integration of equation (4.4) with respect to t, we get

h h
= (h—i) = (% 1) =92 = fo (DI (45)

Vl = kZhll VZ = k3h1 y V3 = k4h1 (46)
where k,, ks, k, are constants of integration.

Now our plan is to express the components of Tj"in (3.7) in terms of T,*. For this we consider the
expression

2y, 2 5 2 5 2 2y, 2 2 21 /jN\ 2
a“Vy Vv, 2mx V3 a“Vy Vv, 2mx V3 hq
2 ezmr p B XA B pomr L B |(T1) 0 by 44
A2 B2 c? A2 B2 cz | \n, y (4.4)

2

.y (:—) by (3.3) and (3.9€)

= 1j¢? = Zf,(N)I%p¢? by (45) @)

We attempt to express the components of Tji in (3.7) in terms of T by using (4.4), (4.5) and
(4.7) as follows

Tf = 3197 =32 fo(DI%¢? = 19?2 (4.82)

T = =T =2 (D¢ Zh (4.80)

3 = =2 f(THip? (4.80)

T3 = =2 (Do 5 (4.8d)

TL=0 (4.8e)

13 = =T} =2 f(D) 1?2 e (4.87)
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=~ (Do 22 (4.80)
T3 = =Ty — %fz (T Ip¢? VC— (4.8h)
T =~ I{)¢* (4.8i)

We consider the non-vanishing components of Einstein tensors G, G2, G3, G} from (4.1)

BC _Afi(R)AR
BC  Afi(R)dt 6f; (R)

B ¢
E+E+

(AR +AR) +2£,(D] + 55 [T =57] +

Afo(T) Af2(T)
R [T +6]— 37.(0) [TL + 61] (4.9a)

A, €L AC_BARAR _ 2 _1
A + c + AC ~ Bfi(R)dt 6f; (R) [fl(R)R + fl(R) + Afz(T)] = fi(R) [TZ 3T] +

m Afz(T)

3.0 [T +6]— 3.0 [TZ + 62] (4.9b)

m? A B AB_Cfl(R)dR
a2 "4 B ap CH@®AD

S [A®R+ (R + 2f,(D)] + 7= [13 =37 +

() Af2(T)
3f1(R) [T + 0] 3f1(R) [T3 + 93] (490)
i B
AT (4.9d)
Upon integration of the equation (4.9d), we obtain
o (4.9¢)

where k< is constant of integration.

Subtracting (4.9b) from (4.9a), (4.9¢) from (4.9b) and (4.9a) from (4.9c) we get

B_A C[B_A, (B_A\A®AR _ Af>(T) 2y _ 1

5 AT c [B A] + (B A) f1(R) dt fl(R) 71 =T+ S f1(R) (77 +62) = (T{ + 6] (4.10a)
C_B A[=_B ¢C_B @d_R 31 4 AT (3 3y _ (2 2
it G AR T + e = s (T3~ T3 + 22 ((T5 + 03) — (77 + 03)] (4.100)
A_CLBIA_C], (A_C\A®AR _m* _ 17 4 Ma(D) 1y _ 3
27 tslA c] + (A c) AR At A2 fl(R) (75 =T + £ (R) (71 +61) = (T3 + 6)] (4.10c)

Using (3.8) and (4.8) the equations (4.10) reduces
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B_A C[B_A4 B_A\ARAR _

5 atcls A_+(B A)fl(R)dt_O (4.11a)
C_B A[C_B C_BYAR®AR  m? _

c B+AC B+(C B)fl(R)dt-I_AZ_O (4.11b)
A_C B[A_C (A_SO\VA®AR _m? _

A C+BA C+(A C)fl(R)dt A2_0 (4.11c)

2
Eliminating % between the equations (4.11b) and (4.11c), we obtain

A B C[A B A B\ fi(R)dR _
st G-R) e =0 (4.11d)

Upon integration of the equations (4.11a) and (4.11d) yield

A 1
E = k7exp {k6 fmdt} (4123.)
2 = kyexp {kg [ ——dt} 4.12b

where k's are constants of integration, such that
k7k9= 1andk6+k3=0

By using (4.4) we can write the equation (3.9) as

R L ha’ Ra[C€ B Al _ o
(hl) i ees -4 =ve (4.13a)
R ha’ A, € Bl _ .o
() +i=+2[5+5-5] = v (4.13b)
hl ! fllz fll -B A C_ _ H .2
() +rzrml5ra-c =0 (4130
This equation further imply that
B _A_A C B_B A C
c B A A C B B A Cc
or A=E_¢ (4.14)
A B C

Upon integration of the equation (4.14) yields
A = k10B7 B = kll C, C == kle (415)
where kqo, k11, k1, are constants of integration.
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We observe that C is scalar multiple of A, therefore we can write explicitly as

— (A2B)ikysexp {k14 [—— ABcf o dt} (4.16a)
— (A2B)iksexp {kio [ —— ABcf o dt} (4.16b)

If we convert A into C we can rewrite as

— (ABC)ikoexp {kaa f — f o t} (4.17a)
— (ABC)ikyoexp {kio [ —— f o dt} (4.17b)
— (AB)ik,,exp {kag f —— f o dt} (4.17¢)
where k's are constants of integration.
Inserting (4.14) in (4.13)
R\, R’ hfA] _ o)
() +iz il =vo (419
But from (4.5) we have
. A2 | A g
Y02 = () +2f(Dig? (4.19)
Inserting (4.19) in (4.18) we have
hi\ | e [A] _ 4 W
(h—l) + h—l[;] =~ L(DIYe? (4.20)

If we confine the function 1 as linear function 1) = 0 or ¥ = k,,I + k,5 then the equation
(4.20) has perfect solution

hy = kysexp {k24 f%dt} (4.21)
With the help of (4.21), the equations (4.6) convert in to

V, = kycexp {k24 i %dt} (4.22a)
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1
Vy = kapexp {kas [ 5 dt} (4.22b)
1
V3 = k28exp {k24 fzdt} (422C)
where k's are constant of integration.

5. Subcase f(R,T) = f1(R)f2(T)

In this case we follow the notations

fe®T) = L2 = fLRf(T), fr(RT) = L2 = fi(R)f(T) (51)

With the help of (5.1), the field equation (1.8) reduces to

i _ 1

= ———[AR) (TR + (R fo(T)] g

(9™ Vi AR f2(T)] = ofs (R)f 1)

X i_lp 1 f1(R)f>(T) i FLRo(T) [mi i
+f1(R)f2(T) [Tj 3 ng] + 3 f1(R) f2(T) [T + e]g] f1(R)f2(T) [T + 9]] (52)

Since for the space-time (3.1), we have
G}=0,G}=0, G3=0

Using (3.7) and (3.8), the field equation (5.2) yield

iva _ i oo iRIA(T) v o
AL Ve X s (634
ViVs _ ioa ARG r oo
0 lp(p X Ilp(p (53b)
% _ 2 f1(R)f2(T) 2
VaV3 l/) X Il/) (53C)

From (5.3) we can write

ViV, VoV3 ViV3 f .o IR v .o
a2 _ 2% 71¥s SRPEASEIPASDN | 54
V1V2 V2V3 V1V3 lp X lp(p ( )
_Ve_Vs_h

or Vi VW Vi hy , Say (5.5)

Inserting (5.5) in (5.4), we get

CECE

o\ 2 : AR (T ;o .
() =ve? - 2D e (56)
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Up on integration of the equation (5.5) yield
V1 = m1h7V2 = m2h7V3 = m3h7 (57)
where m,, m,, m5 are constants of integration.

Now our plan is to express the components of Tji in (3.7) in terms of T,'. For this we consider
the expression

a2V12 VZZ 2 V32 a2V12 V22 2 V32 fl7 2
+=e mx+—=[ + = ef™ + = (—) by (5.5
A2 B2 cz A2 B2 cz | \n, y (5.5

.y (Z—)2 by (3.3) and (3.9€)

= 1pp? - LOEL 22 by (5.6) (5.8)

We attempt to express the components of Tji in (3.7) in terms of T by using (5.5), (5.6) and
(5.8) as follows

T = hpg? - AR 22 — 2y (592)
Tl = —Tf — fl(R;fZ(” 2 “1‘32 (5.9b)
1} = —LORD g2 2 (5.9¢)
1} = - LORD g2 2 (5.9d)
Ti=0 (5.9)
T2 = —Tf — %ﬁmlwzgem (5.9f)
1 = - LOLQ g2 o g2 (599)
T3 = —Tf— %fémhﬁ(pz B (5.9h)
T = — 1) (5.9i)

We consider the non-vanishing components of Einstein tensor G1, G2, G3 from (5.2)
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BC _ 1 fo(T) (g)z +if'z(T)ﬁ+§'[f1(R)d_R+fz(T)g] _1[R+f1(R)]

B ¢, BC 1
B C  BC A2 f(T) \dx A2 f,(T) dx? fiR) dt (M dtl 6 f1(R)

X [pa_lp] 4 LA®AD _A®FM [ 1
+f1(R)f2(T) [Tl 3 ] 3f1(R)f2(T) [T + 9] fl(R)fz(T) [Tl + 01] (5103-)

A, € AC_ mpmar g[fl(R)d_R fz(r)g]_g[ AR

Z+E+AC_A2f2(T)dx Blam at ' e atl 6 (R

X |p2_1 lf1(R)f2(T) AR 2 2
+ fi(R)f2(T) [Tz 3 T] + 3 f1(R) fo(T) [T + 9] 7L (R (T) [Tz + 92] (510b)
_m_z é E A_B_E fl(R)d_R fz(T)d_T 1 fi(R) ¥ 3 1
P AT [f'l(R) ar TR dt] 6 [R Thel T Rwem [T3 3 T]

LA®AD _L®LD 3 g3
tihwnn L T - Fwpmls +051 (5:.100)

Subtracting (5.10b) from (5.10a), (5.10c) from (5.10b) and (5.10a) from (5.10c) we obtain

-t i1+ G- 4 ame s o

B B A LA® dt (1) at
_ 1[Em ey | pmdT B adr X | _ 72
a2 [fz(T) (dx) e Mhma) TRmomi 2
f1(R)f2(T) 2 2y _ (i 1
o [Tz T02) = (Tr +01)] (5.11a)

C_ByAL_B, (C_By[hmdn bm
cC B Alc B ¢ B/LH® At f(T) dt

_ _m_2 Efz(T)d_T X 2 _ m3 f1 (R)f(T) 3 3y _ (T2 2
=T T f,(T) dx + f1 (R)f,(T) [Tz — T3]+ £, (R)f,(T) [(T5' +63) = (T2 + 62)]  (5.11b)

A_C BIA_C], (A_C\[AR AR | fo(T)dT
A C+B[A C]+(A c) f1(R) dt+f2(T) dt]
— e LEMEN_ 1 ROET, X _[ra )
Az A2 fo(T) \dx A2 (T dx?  f[RfmM 3 T
+ 2®LO et 4 g1y (T3 + 63)] (5.11c)

fi(R)f2(T)

By using (5.9) and (3.8), the equations (5.11) reduces to

b_ALCrb_AY, (B A) MR, BOIT] | 1 [B0 @ BT bmar
B A + C [B A] + (B A) [f1(R) dt + f,(T) dt] T A2 [fz(T) (dX) f,(T) dx2 m £,(T) dX] (512a)
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C_B_A[C_B] (C_B\[L®AR _ EHMAT] _ _m? mbMdT
C B+A[C B]+(C B)[fl(R)dt Lma) Az T azhm ax (5.12b)

A_C BIA_C) (A_C\[L®dR  BMAT] _m? 1M dTY2 1 kM T
A C+B[A c] + (A c) [fl(R) dt ' £ dt] T AT AT (dx) wnmae (0120

With the help of (5.5) we can write the equations (3.9) as

h7 : h72 h7 _C B A- _ HID 2
() +imtile+s—al =t (5:132)
h7 : h72 h7 _A C B_ _ HID 2
(E) h_72+h_7 _K+E_E_ =y (5.13b)
h7 ’ h72 h7 _B A C_ _ 1.2
(h_7) +h_72+h_7_E+X_E_ =y (5.13c)
These equations further imply that
C B A A C B B A C
ctE a~atc 5 B A C
A B ¢
or et E (514)

Upon integration the equation (5.14) yields

A=mgB, B=m,,C, C=myA (5.15)
where m'’s are constants of integration.
We observe that A is scalar multiple of B, B is scalar multiple of C and C is scalar multiple of A
By using (514) the R. H. S. of (5.12) vanishes for all t

Therefore for solving differential equation of A, B, C with respect to t, we consider the L.H.S. of
equations (5.12)

B_AL C[B_A], (B_A)[R®R  bmar) _
B alcls a +(B A) F,(R) dt | £(T) dt) (5.164)
¢_ B A[C_B (C_B\[a®dR_ Hma] _
c s Talc st (c B) e a TR dt] =0 (5.16b)
A_C BJA_C, (A_O\[E®dR  HMdT] _
a ctela—dt (A c) L®a T hm dt] =0 (5.16c¢)

Integrating (5.16) we obtain
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B 1
X = mq3zexp {mlz fmdt} (517&)
A 1
c = Mysexp {m14 f—ABCfl(R)fZ(T) dt} (5.17b)
C 1
E = mq,exp {m16 fm dt} (517C)

where m's are constants of integration, such that
m13m15m17 = 1 and m12 + m14 + m16 ES 0

From (5.17) we can express explicitly the values of A, B, C as

= (ABC)3m18exp {mlg fm dt} (5183.)
C= (ABC)3I’I’120€Xp {m21 fmdt}
(5.18h)
= (ABC)3m22exp {m23 fmdt} (518C)

where m's are constants of integration.

Adjusting the constants in (4.17) and (5.18), the line element (3.1) assumes an isotropic form and
hence we generalize the result in the form of following theorem.

Theorem 1: In f(R, T) theory of gravity, the Bianchi type 111 space-time filled with scalar field
coupled with electromagnetic field, admits isotropy for the functional form

fR,T) =fi(R) + Af,(T) and f(R,T) = fi(R)f(T).
Inserting (5.14) in (5.13), we get

hy” L R TA] 2
() +i+ il = v (5.19)
But from (5.6) we have
1,[)(/.)2 o 2 +f1(R1(f2(T) Ilp 2 (520)
Inserting (5.20) in (5.19), we get

(:_7) + :_7 E] = %’WZ (5.21)
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Confining to the linearity of the function Y i.e.{y = 0 or = m,,I + m,5 then (5.21) has
solution

h7 = m27exp {m26 f%dt} (522)

With the help of (5.22), the equations (5.7) convert in to

Vl = ngexp {m26f%dt} (523&)
VZ = ngexp {m26 f%dt} (523b)
V3 = m3oexp {m26 f%dt} (523C)

where m'’s are constants of integration.

Adjusting the constants in (4.22) and (5.23) the vector potential assume the following form
Vi = [V, Vg, v, 0]

Hence we generalize the result in the form of the following theorem.

Theorem 2: : In f(R, T) theory of gravity, the Bianchi type Il space-time filled with scalar field
coupled with electromagnetic field, admits the vector potential V; = [V;,V;, v4, 0] for the
functional form f(R,T) = fi(R) + Af,(T) and f(R,T) = fi(R)f,(T).

6. Sub case f(R,T) = f(R)

In this case we follow the notations

FRT) =fR), fr®T)=2ED= fr), f(RT)=2ED= 0
In this case the field equations (1.8) reduces to
Gf = ® — g™V f (R)] - G [f(RR+ f(R)]g} + o [T‘ ——Tg]] (6.1)

The computation for this case easily follows from those of the earlier case (section 4) by mere
substitution of f;(R) = f(R),A=00r £,(T) =0

We get the result as follows
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— (ABC)ik,sexp {kar [ —— f o dt} (6.2a)
— (ABC)ik,gexp {kas [ —— f o dt} (6.2b)
— (ABC)ik,,exp {kar [ —— f o dt} (6.20)
where k's are constant of integration.
V, = kgoexp {k48 f%dt} (6.3a)
V, = ksrexp {kyq [ 1 dt} (6.3b)
Vs = kszexp {kyq [ dt} (6.3c)

where K's are constant of integration.

From section 4, 5 and 6 we observe that the result remain intact for f(R,T) = fi(R) + Af5(T),
f(R,T) = fi(R)f,(T) and f(R,T) = f(R) differ in constant of integration only. Hence the
equations (6.2) and (6.3) admit the theorem 1 and 2.

7.Subcase f(R,T) =R+ AT
In this case we follow the notations

rRT) =L0 =1, fERD=L2=)
The field equation (1.5) reduces to

G = xT{ — A[T} + 6] + 275 (7.1)

The computation of this case follows from section 4, f (R, T) = fi(R) + Af,(T) by taking
fitR) =Rand f,(T)=T

We get the result as follows

— (ABC)3l,,exp {113 [—= dt} (7.2a)
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1 1
B == (ABC)31186Xp {115 f_dt}

ABC
(7.2b)
1 1

wherel’sare constants of integration.

V, = l,,exp {122 [ %dt} (7.3a)
Vy = lpsexp {1, [ dt} (7.3b)
V3 = 126eXp {122 f%dt} (730)

where 1's are constant of integration.

From section 4, 5 and 7 we observe that the result remain intact for f(R,T) = f;(R) + Af,(T),
f(R,T) = f1(R)f,(T) and f(R,T) = R + AT, differ in constant of integration only. Hence the
equations (7.2) and (7.3) admit the theorem 1 and 2.

8.Subcase f(R,T)=f(R)=R
Inthiscase f(R,T)=f(R)=R, fRRT)=1, fF(RT)=0
Then field equation (1.5) reduces to
G} = xT} (8.1)

The computation for this case easily follows from those of the earlier case section 7 by mere
substitution of A = 0 we get the result as follows

A = (ABCYlyzexp {lyo [ —2-dt) (8.2a)
1 1

B = (ABC)3l,,exp {141 fA—BCdt} (8.2b)
1 1

C = (ABC)3lysexp {139 fA—BCdt} (8.2c)

where 1's are constants of integration.

V, = l,gexp {146 f%dt} (8.3a)
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VZ = l4gexp {146 f%dt} (83b)

1
V3 = 150€Xp {146fxdt} (83C)
where 1's are constant of integration.

From section 4, 5 and 8 we observe that the result remain intact for f(R,T) = f;(R) + Af,(T),
f(R,T) = fi(R)f,(T) and f(R,T) = R, differ in constant of integration only. Hence the
equations (8.2) and (8.3) admit the theorem 1 and 2.

9. Consideration of particular case f(R,T) = RT
Inthiscase fx(R,T) =T, fr(R,T)=R
Then the field equation (1.8) reduces to
G = 2[g" i T] - 2 gt +2[1f = i7g!| +32(T + 619} — Z[1} + 6]] (9.1)

The computation for this case easily follows from those of the earlier case, section 5, by mere
substitution of f;(R) = Rand f,(T) =T

We get the result as follows

= (ABC)3H13GXP {n14 f ABCT } (9.29)

B = (ABC)3n15exp {nw fABCT } (9.2b)

C= (ABC)3n17exp {nlg fmdt} (9.2¢)
where n's are constants of integration.

V; = nyzexp {n21 f%dt} (9.3a)

V, = n,,.exp {n21 f%dt} (9.3b)

V; = nysexp {n21 f%dt} (79.3¢)
where n's are constants of integration.
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From section 4, 5 and 9 we observe that the result remain intact for f(R,T) = f;(R) + Af,(T),
f(R,T)= fi(R)f,(T) and f(R,T) = RT, differ in constant of integration only. Hence the
equations (9.2) and (9.3) admit the theorem 1 and 2.

10. Conclusion

i) In the present paper we have considered sub cases of f(R, T) theory of gravity models
f(R,T) = £f;(R) + Af,(T), f(R, T) = f(R), f(R, T) = R+ AT, f(R,T) = f;(R)f,(T), f(R, T) = RT
in Bianchi type Il metric. We have derived the gravitational field equations corresponding to the
general and particular cases of f(R, T) theory of gravity.

i) It is observed that, even though the cases of f(R, T) theory are distinct, the convergent, non-
singular, isotropic solutions can be evolved in each case along with the components vector
potential.

iii) From finding of the f(R, T) andf(R) theory, general and particular cases, in this paper we
believe firmly that the results of f(R, T) and f(R) depends on only R and not on T.

iv) From different cases of f(R,T) we observe that the results remain intact only differ in
constants of integration.

Received September 19, 2016; Accepted October 9, 2016

References

[1] BijanSaha, Int. Theor. Phys. DOI 10.1007/s 10773-015-2615-1, 31 March 2015

[2] Clocchiatti A et al. (High Z S N Search Collaboration); Astrophys. J., 642,1,2006

[3] Harko T, Lobo F S N, Nojiri S, Odintsov S D: Phys. Rev. D 84,024020 (2011)

[4] MyrzakulovRatbay,ErtanGudekli, Razina Olga and TsybaPyotr : Int. J. Of Maths.Computational,
Natural and Physical Engineering, 9, 2, 2015

[5] Nojiri S and Odintsov S D : Phys. Rev. D 68, 123512 (2003).

[6] Perlmeter S et al. (Supernova Cosmological Project Collaboration); Nature 391, 51, 1998

[7] Perlmutter S et al. Astrophys. J., 598,102, 2003

[8] Rybakov Yu. P, Shikin G N and SahaB : Int. J. Theor. Phys. 36, 6,pp. 1475-1494, 1997

[9] Riess A G et al. (Supernova Search Team Collaboration); Astron. J., 116, 1009, 1998

[10] Riess A G et al. (Supernova Search Team Collaboration); Astrophys. J., 607, 665, 2004

[11] Tonry J L et al. (Supernova Search Team Collaboration); Astrophys. J., 594,1,2003

Prespacetime Journal Www.prespacetime.com
Published by QuantumDream, Inc.



