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ABSTRACT

In f(R,T) theory of gravity, we have studied the combination of perfect fluid and scalar field interacting with
electromagnetic fields in Bianchi type Il space-time, by considering the general cases f(R,T) = fi(R) + Afp(T),
f(R,T)= fi(R)f,(T) and f(R) theory and its particular cases f(R,T) = R+ AT, f(R,T) =RT, f(R)=R. It is
observed that, even though the cases of f(R, T) are distinct, the convergent, non-singular and isotropic solution 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 Ieadlng to f(R) and f (R, T) theories [3, 4, 5] where R stands for Ricci scalar R = g¥ R;;, R;; being
Ricci tensor T = g¥ T, ij »T; being energy momentum tensor. The field equations of f(R, T) theories due to Harko [3]
are deduced by varying the action

s=[f(RT)/—gd*x+ [ L, /—gd*x (1.2)
Where L, is lagrangian and the other symbols have their usual meaning. Energy momentum tensor is given by
SLm
Tij = mglj -2 5gy (12)

Varying the action (1.1) with respect to g¥ which yields as

8s = [ {F(RT) 305 + fr(R.T) 5o + TED 200D 4 2 (2End I =g it (13)

Here we define

5T,
0y =g S5 (1.4)

59%F
g = 54"‘6.’g we can reduce

§q%B
gu ap = 6a5ﬁ aﬁ _gpagptgqﬁgq] aff — Tl]

Using above equations we can write
O _ 86" Tey) 39 -\ ges ot
6glj Sglj é‘gl] ap 5gu
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Integrating (1.3) we can obtain
frR(R,T)R;; — %f(R’T)gij + (95 —ViV)frRT) = xT; — fr(R,T)[T; + 6y (1.5)

This can be further written as
1
frRR, TGy + 3 [frR(R,TOR — f(R,T)]gy + gij fx(R,T) = ViV fr(R,T) = xTy; — fr(R, T)[Tij + 9ij] (1.6)

Taking trace of (1.5) we obtain
fe@R.T) =2f(R,T) =5 fa(RTIR + 4T = 26 (R, T)IT + 6] (L.7)

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

1 1
G]# = f (R T)[ #viijR(R,T)] _WUR(R,T)R +f(R,T)]g}” f (R T) [Tﬂ g] ]
R+ 6lg) RS [T + 6] (1.8)

Let us now calculate the tensor 6;; .Varying (1.2) with respect to metric tensor gY and using the definition (1.4) we

obtain

_ Sl aﬁ 852Lp,
9 + 2 [5glj 5gij5ga/?:| (19)

With this background, in this paper we discover the Bianchi type 11l space-time with combination of perfect fluid and
scalar field interacting with electromagnetic one.

2. MATTER FIELD LAGRANGIAN L,,

The electromagnetic field tensor is given by

BVi av;

dxJ dxt
where V; is electromagnetic four potential.

The aforesaid the matter Lagrangian L,, can be expressed as
1 1
Lm = [ZEyTFnT _Ega,n(p’nl)b]' (21)
where Y =vy(), I=VV

The function vy characterizes the interaction between the scalar ¢ and electromagnetic field [1].

Then energy momentum tensors in (1.2) can conveniently be expressed in the mixed form

a aQ 1 i
T = (FUES +5 gl Fop ) = [309) — 9V V| 0,07 + ot o, (2.2)
Similarly (1.9) can be expressed as
0 = ~T" — (Y = 1Y) p*@; + P, o V*V (2.3)
The equations (2.2) and (2.3), after contraction yield
r=-W-1)e,e" (2.4)
6 =I*Yq, " (2.5)

3. BIANCHI TYPE 111 SPACE-TIME

We consider the Bianchi type 111 space-time specified by

ds? = A?dx? + B?e= 2™ dy? + C%dz? — dt? (3.1)
Where 4, B, C are functions of t and m is non-zero constant
The non-vanishing components of Einstein tensor are

1 _B, ¢, BC 2 _ A ¢ A 3__ml A B 4B 1_3[5_5]
Gl_B+c+Bc Gz— + =+ G3 = +-+-+ G4—A2A 3
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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()Vy(8), V2 (1), V3 (0), V4 (D] 3.2)

Then it is easy to deduce
_[e®n? | %P ome V8 2
e R A (3.3)
Fiqg = aly Fou =V, F3, =V3 (34)
ij 'V max Vs

Fi]'Fj =_2[ 2 +B_Ze +C_2 (35)

@' = —¢? (3.6)
In reference to the above quantities at our disposal and the space-time (3.1), the components of 7}i in (2.2) becomes

1a?? 1157 1V o a2

Tll _ EaAzl _Eﬁeme - ;2 4= w 2 lp(pz% (373)

T2 _ anz l,lJ 2 aVle (3 7b)

T3 — aV1V3 l/J 2 aV1V3 (3 7C)

T} = 1/) 2“”4 (3.7d)

1 ZV 2 17,7 1V
T2 _ _EaA; +Eﬁeme - C32 + = l/J 2 _1/)(” mx (37e)
T32 — % 2mx I,DQDZ V2V3 e2mx (3.7f)
a2 1157 1V 2%
=37~ 55—262’" *3 52 +9¥9? —p* (3.79)
1a?% | 1V 1V
T} =2+ BZZ e?m 4= ;Z —El,b(p + P@p?V,* (3.7h)
= (W - 1)¢* (370
Similarly the components of 9} in (2.3) can assume the following values
I

91 — _Tll _ l,b 22 Vl (38&)

0} = —T} — Y2 “VlVZ (3.8b)

6} = —T31 i (3:60

0} = —T} — Ijp? = (3.8d)

02 = —T2 —1¢<p2 v g2mx (3.8¢)

0 = —T} — Ip? 7 V2V3 e2mx (3.8f)

03 = —T§ — Ipp* =5 i (3:89)

0f =T} + (y - 1¢)<p2 + I[Pp2V,° (3.8h)

Following Saha [1] the variation of the matter Lagrangiam L,, in (2.1) with respect to the electromagnetic field gives us

\/_Bxf(\/_FU) (997 )pA' =0 where 1,[;——

Noting (3.2) and (3.4) above equation gives

. . B B A -
fOI’L:l,]=4$( )+—+V—i[E+E—Z]=l!)§02 (3.92)
. . 2 WA, ¢ B .
fori=2j=4> (v)+7+é[_+5_§]=lp(p2 (3.9b)
. . v LR N
ri=ay = (3 14 Bt g 630
fori=4,j=1= a(x) = k;e™ (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’s 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.
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4. COMBINATION OF PERFECT FLUID AND SCALAR FIELD COUPLED WITH ELECTROMAGNETIC
FIELD

Energy momentum tensor of perfect fluid is given by

T = (p + p)u'y — pd} (4.1)
TN =T;=T=-p, T} =p
Ti=0 if i#) 4.2)

We take combination of perfect fluid and scalar field interacting with electromagnetic field as
=T/ (PF) + T/ (SEF) (4.3)

By using (4.2) and (4.3) the equatlons in (3.7) reduces to

1a2m,? 1V, 1V o alyy?
Tl =-p+:——3 BZZ e?m — = 632 +- 1/) -yt (4.4a)
T21 aV1v2 l,lJ 2 aVle (4 4b)
T31 (ZV1V3 l/J 2 (IV1V3 (4 4C)
T} = ¢ 2“V1V4 (4.4d)
1 aZV 17° 1V v,2
R L e L (4.4e)
T2 = Vais ,2mx 1,1)(,02 V2V3 o 2mx (4.4f)
B2 '
1217 11 h 175° V32
T3 = —p _ET;_EZBLZezm +3 c32 +- 1P WPZ = (4.49)
1 a2y, 1V, 1V
I =p+5‘*Az1 +oGet™ C32 —Elpq) +l[)(p2V42 (4.4h)

T==-3p+p+@— p)e?  (4.4)

Using (4.2) and (4 3) the equations in (3.8) reduces to

1 - _ _ _ 2 a Vlz
01 p Itptp (4.52)
g} = —T2 — 2 "Vl"z (4.5b)
0} = —T} — [@? "Vl"3 (4.5¢)
0} = —T4 — I Z“ZIZV‘* (4.5d)
. 2
03 = —T22 —p — [P 2 2 (4.5¢)
63 = tl) 2% o2 (4.5f)
1%
63 = -T3 — —11#902 : (4.50)
0f =-T¢+p+ (Y — hp)q';z + [P@p2V,? (4.5h)
0 = _1211)‘4)2 (45|)

5.SUB CASE f(R,T) = f1(R) + Af,(T)

of (R T _

Here we follow the notations f(R,T) = af(R D= = i(R), fr(RT)= = Afy(T)

The field equation (1.8) reduces to the form

F = ! i . - X u l U
% =r® [g':vl-v,-fl(R)] 6}?()1?) ——[ARR + £i(R) + 2£,(D)]g" il 3ng]
lfz(T Afo (T
t3hm T olgf =5 1+ 6] (5.1)

Since for the space time (3.1), G; = 0,G3 = 0 G = 0, the field equations (5.1), by using (4.4) and (4.5), yield

P2 =g — (DI (5.28)
e = P? =~ fo (DI (5.2b)
= i? =~ fy(D (5.2¢)
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From (5.2) we can write

Vle_Vng_V1V3_'.2_£' TIZ 53

s = v = v = e = (DI (5.3)
or we can rewrite it as

_Ve_Vs_Mh

4% - V, - V3 - hq ! Say (54)

Where h; is some unknown function of t

Inserting (5.4% in (5.3) 2it yiel'dsz
(Z_D = (Z_D = (h_l) = ¢’ _%fz(T)Ilﬁ@z (5.5)

h1
Up on the integration of equation (5.4) with respect to t, yield
V1 = k2h11 V2 = k3h1, V3 = k4h1 (56)
where k,, k3, k, are constants of integration.

Now our plan is to express the components of Y}i in (4.4) in terms of T;'. For this we consider the expression
a2V12 VZZ
2 T

5 2 21,2 2 27 75 \2
2 V3 _ a Vl VZ 2 V3 hl
e mx+C_2_[ P +B—2€ mx_l_ﬁ (E) by(54)

- 1(%)2 (3.3) and (3.9¢)

= 1p¢? = ZH(DI%¢? by (55) (6.7)
We attempt to express the components of 7}" in (4.4) in terms of T;* by using (5.4), (5.5) and (5.7)

T} = p+5199? — - H(DIMp¢? — 19 (5.82)
T = -T} __fz(T)h/“PZ 2 Vl (5.8b)
1} = —§fz(m¢ pr (5.80)
T3 ==~ £ Z“V“’3 (5.80)
T =0 (5.8¢)
12 = —Tf =L f(M1jp? L e (5.80)
13 = = KD 22 (5.89)
T = — __fz(T)hP‘PZ ik (5.8h)
=W- I¢)<p (5.8i)

We consider the non-vanishing components of Einstein tensor G{, G2, G3, G} from (5.1)

B ¢ BC Afi(R)dR 1 ..
BtCtECarm @ o @t ERTAR FALDI+ s [T1

i}l?gg [T +6]- ifﬁii [7i +61] (5.9a)
A C AC Bfl(R) dR 1
ATt ac T BE@a el PR AR HAADI+ o )[rz —27]

Afz(T) Afo(T)

3f R) [T+6]- 3f1(R) [T% + 63] (5.9b)

m?> A B _AB Cf(R) dR

T ATEY M T CimdE wR) iR+ £i(R) +2£,(0] + 505 X fr -2

lfz(T) Afo(T)

+ohm 01— 15 +63] (5.9¢)
=50 (5.9d)

Upon integration of the equation (5.9d) we obtain
A = ksB
where ks is constant of integration
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Subtracting (5.9b) from (5.9a), (5.9¢) from (5.9b) and (5.9a) from (5.9c) we get

i+ (- DR i~ Ria o) - o)

C_B A[L Bl (C_BYA®AR  m? _ x Afa(T) 3y 2
c B+A[C B]+(C )f1(R)dt+A2 f1(R)[ 3]+f(R) (75 +63) = (T2 + 62)]
A_C BIA_C), (A_C\A®AR _m? _ Af2(T) 1y _ 3
A C+B[A C]+(A C)fl(R)dt A? fl(R)[T3 T]+f(R) [(T1+91) (T3 +63)]

E_é+£[g_é]+(§_é)@ﬁ=0

B A clp a4 B A fi(R) dt

C_B_ A[C_B]l, (C_BYA®AR & m? _
c B+A[C B]+(C B)f1(R)dt+A2_0
A_C BIA_C), (A_C\A®AR _m? _
A C+B[A C]+(A C)fl(R)dt AZ_O

EIiminating m—z between the equations (5.11b) and (5.11c) we obtain
[ _ ] (_ _ _) h®drR _
fi(R) de
Upon integration of the equations (5.11a) and (5.11d) they yield
1
= kyexp {k6 J ABCf(R) dt}

1
1= kqgexp {kg f mdt}
Where k's are constant of integration with the condition that k;kq = 1 and kg + kg = 0

Using (5.4) we canzwrite the equation (3.9) as
() +im+izle+ 5 -2l = e’
() vt izfin =)= o
. . 2
() +i=+ i+

Further these equations imply

A_CZ a?
o| = v

Or

Upon integration it yields
AzkloB, B=k11C, C=k12A
where k, k11, k1, are constants of integration

We observe that C is scalar multiple of A, therefore we can write explicitly as
(AZB)3k13 exp {k14 fABCfl(R) dt}
= (4* B)3k15 exp {k16 fABCf ® dt}
= (A’B )3k17exp {k18 fABCfl(R) dt}
If we convert A into C we can rewrite as
(ABC)3k19exp s e
= (ABC)3kzoexP {k16 |

= (ABC )3k21exp {k18 fABCf ® t}
where k's are constants of integration.

ABCf (R) dt}

ABCf ) dt}

Inserting (5.14) in (5.13) we get

() +ii+ 2l = v

© 2016, IJMA. All Rights Reserved
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(5.10b)
(5.10c)

(5.11a)
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(5.11d)

(5.12a)
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(5.13a)
(5.13b)

(5.13¢c)

(5.14)

(5.15)

(5.16a)
(5.16b)
(5.16¢)

(5.17a)
(5.17b)
(5.17c)

(5.18)
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But from (5.5) we have

N
., 2 _ h_l i . -, 2
9% = (i) +ZhMHe (5.19)
Inserting (5.19) in (5.18) we have
A\ hi[A _ A )
(E) o HE (Do (5.20)
If we confine the function  as linear function ¢y = 0 or v = ky,I + k5 then the equation (5.20) has perfect solution
1
hy = kysexp {k24 [ Zau:} (5.21)
With the help of (5.21) the equations (5.6) convert in to
1
V1 = kzsexp {k24 f;dt} (5223.)
1
Vy = kyyexp {kp [ 1dt} (5.22b)
1
V3 = kzgexp {k24 fxdt} (5220)

where k’s are constant of integration.
6. SUB CASE f(R,T) = f1(R)f,(T)

In this case we follow the notations
frR(R,T) = % = ARLM), fr(RT) = % = fi(R)f,(T)

Then the field equation (1.8) reduces to

. 1 , ) 1 . .
Gl =——[g" 7V f,(R)f,(T)] = ———[fi (R (T)R + £, (R) f,(T)] g
= FRAD lg LR f(T)] BAORG [fi( )fz( )R + fi(R)f>( )]g]
i 1o 1 f1(R)f2(T) i AR i i
+f1(R;(fz(T) [Tf _ETgf] 3 hwnm 1019~ ranm [T+ 6] (6.1)

Since for the space-time (3.1) G3 = 0,G3 = 0,G% = 0 from (6.1) and by using (4.4) and (4.5) we obtain

% = p? — A®fHM > (6.2a)
/112 X

V- P (R)f2(T) ;.5 .

% _ 1,ng02 _ARARMT) hp(pz (6.2¢)
2V3 X

From (6.2) we can write

ViVy — VaV3 — ViV3 — 2 fl(R)fz(T)I" .2 6.3
V1V, V,oV3 V1V3 lp(p X LlJ(p ( . )
Vi_Va_ Vs_hs

or VTV, T v T S (6.4)

where hg is some unknown function of t

Inserting (6.4) in (6.3) it result in
1 )2 1 )2 hg \2 i 1 (R)F
()= (2)' = () = -2y 69

hg hg hg

Up on integration of the equation (6.4), yield
Vi = mg3;hg V, = m32_h8 ) V3 = m33hg (6.6)
where msq, mz,, ms3 are constants of integration

Now our plan is to express the components of Tji in (4.4) in terms of Tj. For this we consider the expression

2y, 2y 2 7.2 2y, 2 2 29 /1 o\2
(08 Vl Vz 2mx V3 [0( V1 Vz 2mx V3 ](hg)
2. R fun ERpH - =(2) By(6.4
A2 + B2 + c2 A2 + B2 + c2 | \hg y (64)

-2
=1 (2—8) by (3.3) and (3.9¢)

8 .
= 1¢p? - ML 242 by (65) 6.7)
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by using (6.4), (6.5) and (6.7)

Tf = p+ g2 — s 1D 22 Ly (6.82)
TH=-—T¢+p— fl(R)XfZ(T) W2 & Vl (6.8)
T} = fl(leZ(T)Il,lJ zaVle (6.8c)
T31 — _fl(Ri(fz(T) I¢¢2 0!212V3 (6.8d)
Ti=0 (6.8¢)
; . 2
T22 — _T44 +p— _fl(R)fZ(T) 11!) ~2%62mx (68f)
T2 = f1(R)fz(T) [ELD 1 52 V2V3 o2mx (6.80)
. 2
T3 =-T}+p—p— —fl(leZ(T) e % (6.8h)
= (Y — IP)¢? (6.8i)
We consider the non-vanishing components of Einstein tensor G{,G2,G3 from (6.1)
B ¢ BC1frM i@ﬁ ATAM AR | fo(Mdr] _ 1 A® 1
B C ' BCAZf(T) (dx) t fo(Mdx? = ALf1(R) dt ~ fo(T) dt] 6[R +f1(R) FiR) (T BT]
1f1(R)f2(T) FLR)f2(T) 1
*3hmno T Rwy, (T)[ + 61l (6.9)
ic AC _mfMdT | BIAR)AR | f,(T) dT] 1 [R AR [TZ 1T]
ATCTACT Af(Mdx Blim®dt  pMd] 67T AB] T A®AMLI? 3
1R R (2 2
3f1(R)fz(T)[ 0= S wnm 12 + 02 (6.95)
m2+A+B AB _ CTA(R) R fz(T)dT] 1[ AR )] [ 5 1T]
A7 4B AB " clA® dt " f,(T)dt| 6 fi(R) f1(R)fz(T) 3
1 fi(R)f2(T) FiR)fo(T)
heno T T fenm (75 + 6] (6.9¢)
Subtracting (6.9b) from (6.9a), (6.9¢) from (6.9b) and (6.9a) from (6. 90) we obtain
B A C[B A \ B A\[A(R)AR f,(T)dT| 1 [f(T) (dT) +f2(T) d2T fz(T) dT
B A'C B Al \B A)|fi(R) dt ' f£,(T) dt a2 fo(T) \dx fH(T)dx? fZ(T) dx
_T12 1R f2(T) _
o +_f_—1(R)f (T)[ 1 ]+f R (TS +63) — (T{ + 61)] (6.10a)
¢ B A[C B +<C B> A(R)AR  f,(T)dT] _ m? mfZ(T)dT+ X2y
C B AlC B] \C BJli(R)ydt f,(T)dt] A2 f,(T)dx " fi(R)f(T) ’
FLR)f2(T) T3 3y _ (T2 2
o + AR (T35 + 65) (Tz. +6;)] (6.10b)
A ¢ B[4 (], A C\[fi(R)YAR f(T) T
A C BlA ¢ \4 CJ|fi(R)dt f,(T)dt
zm_z_i@(dT) LAMAT | X s gy
a2 wpM\dx) TR [M AR [T
[IRfa(T) _
GG [(T{ +61) — (T5 + 63)] (6.10c)
By using (6.8) and (4.5) the equation (6.10) reduces to
B_A C[B_A] (B _A\[A®R  fH@dr fam fa(D) A>T fo(T)dT
B 4 C[B A]+(B )fl(R) de fz(T)dt]_AZ fz(T)( ) tamar MR (6.11a)
C_ B A[C_B], (C_B\[ARAR  fHMdr] _ _m?  m fo(1)dl
Cc B A [ B] + (C ) fl(R) dt 2(T) dt] - AZ A2 f2(T) dx (611b)
A_c C\[ARR | fomdr] _m? _ 1 B (d1\? _ 1 fp() 2T
ATcTs [A ] ( E) fLR) de %E] T A2 A2 f(T) (dx) A2 f5(T) dx? (6.11c)
With the help of (6.4) the equations (3.9) can be written as
| .2 . . . .
hg\ | hs_ | he[C E_é — 1ireh?
(hg) +h8; + [ + ] Yo (6.122)
flg ! flg hg C
() +m eli+i-3]=ve (6.12b)
fg yRafB A4 _
(hg) ezt lE T ] Pp? (6.12¢)
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These equations further imply that

or (6.13)

Upon integration the above equation it yields

A=mgyB, B=m3;C, C=mz4 (6.14)
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 (6.13) the R. H. S. of (6.11) vanishes

Therefore for solving differential equation of A, B, C we consider the L.H.S. of equations (6.11)

B_ A C[B_A]l, (B _A\[AWAR | fr(T)dT] _
B 4 i C [B A] + (B ) f1(R) dt +fz(T) dt] =0 (6.15&)
C_B_A[C_B], (¢_B\[L®dR  H(MdT] _
C B+A[C B]+(C ) Feoa Lol 0 (6.15b)
A_C BIA_Cl, (A_C\[A®AR | LMD dT] _
A C+B[A C]+(A ) PG dt] 0 (6.15c)

Integrating (6.15) we obtain

% = Mmagexp {m37 IWC&} (6.16a)
- =mygexp {m39 fmdt} (6.16b)
5 = my,exp {m41 fmdt (6.16¢)

where m's are constants of integration with the condition that msgmyomy, = 1 and mg; + mgq + my; =0

From (6. 16) we can express the value of 4, B C explicitly as

= (ABC)smyzexp {mus | e 4 (6.17a)
(ABC)3m45exp {m46 fmdt} (6.17b)
= (ABC)3m47 exp {m48 f m dt} (6.17¢)

where m's are constants of integration.

Adjusting the constants in (5.17) and (6.17), the line element (3.1) assumes an isotropic form and hence we can
generalize the results in the form of the following theorem.

Theorem 1: In f(R, T) theory of gravity, the Bianchi type 111 space-time filled with combination of perfect fluid and
scalar field coupled with electromagnetic field, admits isotropy for the functional form f(R,T) = f;(R) + Af,(T) and

fRT) = fiR)fo(T)

Inserting (6.13) in (6.12) we obtain

| .2 . .

he\ | hs | he[A] _ .5 o2

(hg) theZ T [A] =¥¢ (6.18)
But from (6.5)

. hg \? Rf2(T) ;5 .

Vp? = (i) +f1( lfz( )11/)412 (6.19)
Inserting (6.19) in (6.18) we have

hg) | he [A] _ AR 15 .2

(E) +:22[] = BRED 1y (6.20)

If we confine to the linearity of y (i.e.9) =0 or 1 = muel +ms,) then equation (6.20) has perfect solution
1
hg = mg exp {msz fzdt} (6.21)
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With the effect of equation (6.21) the equations (6.6) convert in to

1

V1 = Msg3€xXp {mSZ IZ dt} (6223.)
1

V, = mszexp {msz f;dt] (6.22b)
1

Vs = mguexp {msz f;dt} (6.22¢)

where m’s are constants of integration.

Adjusting the constants in (5.22) and (6.22) the vector potential assumes the following form
Vi = [Vl' Vl! Vlﬂ 0]

Hence we generalize the result in the form of following theorem.
Theorem 2: In f(R, T) theory of gravity, the Bianchi type 111 space-time filled with combination of perfect fluid and
scalar field coupled with electromagnetic field, admits the vector potential V; = [V;,V;,V;,0] for the functional form

fRT)=fi(R) +Afz(T) and f(R,T) = fi(R)fo(T).

7.SUB CASE f(R,T) = f(R)
In this case we follow the notations f (R, T) = af(R D =f(R), fr(R,T) = M =0

In this case the fieId equations (8) reduces to
6 = 75 [0 T f B = 2 [FROR + f(®)]g) + 75 [T =3 Tg]] (7.1)

The computation for this case easily follows from those of the earlier case (section 5) by mere substitution of

fitR)=f(R),A=00r£,(T) =0

We get the result as foIIows

(ABC)3m556xp {ms(, fABCf(R) dt} (7.2a)
= (ABC)3m57exp {m58 fABCf(R) dt} (7.2b)
= (ABC)3msgexp {m60 fABCf(R) dt} (7.2c)

where K’s are constant of integration.
Vl = kezexp {k61 f%dt} (73&)
V, = k63exp{k61 f%dt} (7.3b)
Vs = k64exp{k61 f%dt} (7.3¢c)

where K’s are constant of integration.

From section 5, 6 and 7 we observe that the result remain intact for f(R,T) = fi(R) + Af,(T) and f(R,T) =

fiR)f>(T) and f(R,T) = f(R), differ in constant of integration only. Hence the equations (7.2) and (7.3) admit the
theorem 1 and 2.

8.SUB CASE f(R,T) =R + AT
In this case we follow the notations fz (R, T) = af(R D~ =1, f(RT) = YRD _ )

oT

In this case the field equation (1.5) reduces to
i — i i i1 Apsi
G = 1% = [T} + 6] 4578 81)

The consideration of this case follows from section 5, (R, T) = f;(R) + Af>(T) , by mere substitution of f;(R) = R

We get the result as follows

1
= (ABC)§Z67exp {163 [ dt} (8.2a)
— (ABC)ilggexp {165 [ dt} (8.2b)
C = (ABC)§l6gexp{l63 [ =t} (8.2¢)
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where ['s are constants of integration.

1
V1 = l71€xp {169 f;dt} (833)
V, = Lyexp {169 [ %dt} (8.3b)
1
V3 = l73exp {169 fzdt} (830)

where I's are constants of integration.

From section 5, 6 and 8 we observe that the result remain intact for f(R,T) = fi(R) + Af,(T) and f(R,T) =
fi(R)f>(T) and f(R,T) = R + AT, differ in constant of integration only. Hence the equations (8.2) and (8.3) admit the
theorem 1 and 2.

9. SUB CASE f(R,T) = RT

In this case we follow the notations
r®RD=L2 =T, fRT) =TT =R
Then the field equation (1.8) reduces to
6t = o e, 7] =S +2[5~rof] + 2001 - Eir 401 6

The computation for this case easily follows from those of the earlier case, section 6, f(R,T) = f;(R)f,(T) by mere
substitution of f;(R) = Rand f,(T) =T

We get the result as follows

A= (ABC)%ng,gexp {n39 fﬁdt} (9.2a)

B = (ABC)%nw exp {n41 f ﬁ dt} (9.2b)

C= (ABC)%n“exp {n43 fﬁdt} (9.2¢)
where n's are constants of integration.

Vi = nygexp {n46 1l %dt} (9.3a)

V, = nyqexp {n46 f%dt} (9.3b)

Vs = ngpex {n46 f%dt} (9.3c)

where n's are constants of integration.

From section 5, 6 and 9 we observe that the result remain intact for f(R, T) = f;(R) + Af,(T) and 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) + M,(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 111 metric filled with combination of perfect fluid and scalar field coupled with electromagnetic field. We
have derived the gravitational field equations corresponding to the general and particular cases of f(R, T)
theory of gravity.

(if) 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) and f(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 noton T

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