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Abstract

In the theory of general relativity, the finding of the Einstein Field Equation
happens in a complex mathematical operation, a process we don’t need any
more. Through a new theory in vector analysis, we’ll see that we can calculate
the components of the Ricci tensor, Ricci scalar, and Einstein Field Equation
directly in an easy way without the need to use general relativity theory hy-
potheses, principles, and symbols. Formulating the general relativity theory
through another theory will make it easier to understand this relativity theory
and will help combining it with electromagnetic theory and quantum me-
chanics easily.
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1. Introduction

All the books that explain general relativity theory present it in a conventional
and complex way, an issue made it impossible to unit this theory with the elec-
tromagnetic theory and the quantum mechanics.

I resolved this problem through redefining the relativity theory in a different
way and tie it with a new theory in the vector analysis; at present time I publish
my research papers in this theory leading to unify the three theories in one.

To define my new theory (called the extended field theory), I published my
first research papers, Old Mechanics, Gravity, Electromagnetics and Relativity in
One Theory: “Part I”, in “Journal of High Energy Physics, Gravitation and Cos-
mology (JHEPGC)”, I implemented some principles and derived some of physics
equations that can apply to both electric and gravitational fields, without distin-

guishing in this theory.
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My second research published in the same journal titled “General relativity
without Space-Time (G R)” in which, I calculated the stress-energy tensor of the
electric and gravitational fields in General relativity theory without the need of
curved Space-Time concept.

In this research, we will calculate the components of the Ricci tensor and Ricci
scalar for many metrics, such as The Robertson-Walker metric and Schwarz-
schild metric directly, means that we don’t need the hypotheses, principles, and
symbols of general relativity theory to get stress energy tensor, and this is im-
portant to annul the difference between the electromagnetic and gravitational, to
better understanding of the universe, gravity, and black holes.

We still have to point that there is a general state to calculate the components
of the Ricci tensor and Ricci scalar, which I will publish in next researches with
all proofs and details.

2. Basic Notions

2.1. The Equation of Interval Angular Vector

Let’s assume the orthonormal vector z as the following
T=2z46,+2z€ + 2,8, + 2z,
where e, e ,e,,e; 4-orthogonal unit vectors
assume that:
z =ds = hydx,e, + hdx,e, + h,dx,e, + h,dx;e,
And
1 1
—=—¢+t—e +—e, +—e,
Zo % Z Z3
We conclude that
2o = hydxy, 2z = hdx,, z, = hdy,, z; = hdx;

We can write the equation of angular velocity @ as the following

.1
o= E(V xV)
In our paper, we will use the last equation as the form
o= (V X V)
where,
@ : 4-angular velocity
ds

V : the particle 4-velocity, V =—
dx,

V : bold gradient operator, V:L 0 1 0 1 0 1 o

—e, + e+ e, + e,
hy Ox, hy Ox, h, Ox, hy Ox,

Now we can find the equation of 4-interval angular d¢ as the following,

d@:@dxo Z(VXV)de ={VX%jMO :sz

0
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The cross product of two vectors V and z as shown in my first paper [1]

is given by
¢ ¢ ) €
1o 106 10 1 0
Vxz=
hy Ox, h Ox, h, Ox, h; Ox,
29 Z Z Z3
then we get
1 o 1 0
d Vxz) =|——2z,———12z |e xe
#=(V>3), (h,.axi ", o, J j
&0, dy 0
hoox, ' b oox, )
where

v, isacomplex orthogonal unit (explained in my first paper)

dxi ; asa constant value

2.2, The Inverse of the Interval Angular Vector d¢

The equation of inverse angular d¢ is defined as

Or as the following

3. The Details of Abou Layla’s Methods

In our new way, there are two kinds of field equations K'and P, defined by

(k)=D,F,
(P)=t,
where:
D=nd¢
F=ndg
. 1
o =1 2,2,
Or as the form,
0 1 1 1
hO h] dx()dxl hO h2 dedXZ hOhde()dx:;
1 0 1 1
o hyhydx,dx, hyhydx, dx, Iy dx,dx,
i 1 1 0 1
hO h2 de de hl h2 dxl de h2 h3 de dx3
1 1 1 0
h0h3 dedx3 hl h3 dxl d’x3 h2h’3d’x2d’x3

(3.1)
(3.2)

(3.3)
(3.4)

(3.5)
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(k) kinetic field matrix in the local frame

(P) potential field matrix in the local frame

1, = diag(-1,1,1,1)

3.1. Define Ricci Tensor and Ricci Scalar
3.1.1. Ricci Tensor
The Ricci tensor in the local frame Iéoy is equal the total field matrix as the fol-
lowing,
R, =k+P (3.6)
The Ricci tensor R, in the coordinate basis can be written as

R R (3.7)

or = 8oylioy
where

g, : The metric of the space

3.1.2. Ricci Scalar
The Ricci scalar Ris equal the sum of the elements on the main diagonal of 1%07

R= tr(f?oy) (3.8)
tr(l?o,/) : is the trace of a matrix 1%07

3.2. Einstein Field Equation

In general relativity, the Einstein Field Equation is defined by [2]

oy

1
G =Ro7 _ERgW

And the equation of stress-energy tensor 7, is

G, =«T,,
where:
. 8nG
K:1saconstant, x=-—;
c
In our paper we suppose that
A - 1
Ga7 = Roy _ER[ (3.9)

The Einstein Field Equation Gin the coordinate basis can be written as

A

G=g¢,G

3.3. Important Note

3.3.1. Options of the Potential Matrix
To find the potential matrix, there are two possibility option

Option 1
(P)=r,,F, F, =(r,F,)F, =SF, (3.10)
S=t,F, (3.11)
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Option 2
(P)=r,F,F, =, (F,F,)=1,F, (3.12)

3.3.2. The Easiest Way to Find the Components of Potential Matrix
We can easily find the components of potential matrix by Assuming that,

_ dy,
y dxj
Therefore
S, =1if i=j, §,=0 if i#]
55, = UL g g
dr; dx, dx, dy,
dx. dx, 1 1
5.0, =—+—L=————dx.dx. =0, it looks like |dx.dx. =0| because &k
ij ik dxj dxk dxj dxk LA J

always different & # j
For i# j#k, dr,#0 wefind

5,6, =200 [ 14 |ax, =0, it looks like
dv, dx, | dvdy,

4. Discussion

In this discussion, we will calculate the components of the Ricci tensor, Ricci
scalar and Einstein field equation for many metrics directly by using our new
way, we will see that all results will be correct and consistent with the calcula-

tions founded in General Relativity Books

4.1. Calculate the Components of the Ricci Tensor

EXAMPLE 1

Consider the metric
ds? =—di* +e* (1,r)dr’ + R* (1,r)d ¢’

and use Abou Layla’s structure equations to find the components of Ricci tensor
in the local frame
SOLUTION

Looking at the metric, we define the orthonormal vector zas the following
z=diL+¢’ (t,r)dri +0x h5d9j+R(t,r)d¢k

Then we have

9 L+L£i+0ij+lik

V="L+—
o ear 007 Rog

The equation of 4-interval angular d¢ is given by
L i j k

Gueo? 12 40 10

ot e or 08 RO¢

Idt e’dr 040 Rdg

, (dx;, asa constant value)
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then we get
dg =

Therefore,

Thus,

We can find the components of matrix d¢,, directly from matrix dg,,

the following

|

Vxz

10
——1dt
e’ or

2ebdr—

ot
o Lrag-L 2 14
ot R 04
0 Rdg———0d6

+ Lbﬁ d¢——ie dr |ixk+
or R O¢ 060 R 0¢
do= (gebdrj v +(0) v +(2Rd¢JVO3 4—(0)\112
ot ot
+[eb iRd¢jv13 +(0)v*
or

Juxie( Zoao-0 Zar|uxs
ot 06
0

]ka+[%—
e’ 0

7

Od0—0iebdrji><j
o0

]]xk

0 10

we have
o/, )
0 —(e’d 0 —(Rd
A o (R49)
0
——(e’d 0 0 " —(Rd
dg,, = (') o (R?)
0 0 0 0
—%(quﬁ) P (Rag) 0 0
Pegr o Ry
ot ot
—%ehdr 0 0 e oR d¢
=| ot
0 0 0 0
OR , OR
—-——d —d¢ 0 0
ot ¢ or /
0 ~D g 0 —a—quﬁ
ot
~ P gy 0 0 R d¢
F07 :77d¢07 ot
0 0 0 0
—a—quzS " Rap 0 o
or

as

1 0 1 0
0 — 0 ——
(e"dr)or (Rdg) ot
-b
R A Y
dq)ay = (ebdr) ot (Rd¢) or
0 0 0 0
1 0 e’ o
— — - — 0
(Rd¢) ot (Rd¢) or
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Then,

o Lo, 12
e’dr ot Rdg ot

—b
i 3 bl 0 0 0 & 0
D, =ndg, =| €'drot Rd¢ or

0 0 0 0

1o "o 0

Rdg ot  Rdg¢ or

We now proceed to find the Ricci tensor IA?W , there are three steps:

Stepl: The components of the kinetic matrix

1oy _ 12
¢"dr ot Rd¢ ot
-b
—%Q o o &9
(k)=D,,F, =| <¢'drét Rd¢ or
0 0 0 0
-b
1 0 e 0 0 0
Rd¢or  Rdg or
0 D o —a—quﬁ
ot ot
—@ebdr 0 0 e R d¢
x| ot
0 0 0 0
—2—1:d¢ —e"b R d¢ 0 0

The nonzero components of kinetic matrix &, are

k=] a[ab bdrj+—1 ﬁ(a—quﬁ]
e’dr ot\ ot Rdg ot\ ot

1% o] (8bj b L O’R 3% (abjz 16
+—b — — = +t=
T ot Ro? o \ot) R

-b -b A2
( - aRd j:_e_%ﬁ_he_@ R
o
ot

it

e Rd¢ ot R ot or R otor
1

k=— 6b hd j 6(6,,8Rd¢}
e'dr Rd¢ or or

_@+(%J e ob 6R e’Zb 0’R
ot ot R or 6r R o

—b
k= 1 g[a_Rd¢j e a[e,,aqujj
Rd¢ or or

13*R e oboR e &°R

“ Rot* R oror R o

The next step is to find the components of the potential filed matrix:

Using option 2 as shown in (3.12), we can calculate the square of vector F
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form as,
0 0 0 —Perg R "dg
ot or
R 0 0 0o & bdra—Rdgﬁ
F, =F,F, = 0 ot
0 0 0 0
OR o ob , ob
d e'dr —dg—e 0 0
6r ¢ ¢ 0
Then we obtain
2
PUV = TOVFO‘/
1 __1
¢’dedr Rdtdg
_1 _
=| e’drdr ¢”Rdrdg
0 0 0 0
1 1
Rdtd¢ e’ Rdrdg
0 0 0 —@ebdra—Re*dqﬁ
ot or
0 0 0 b bdra—quﬁ
X 0 ot
0 0 0 0
8R ’bd¢ab *d a—Rd(p%ebdr 0 0
6r ot
And the matrix P, is
0 0 0 0
1R
R Ot ot
P =
710 0 0 0
0 1bar
R Ot ot

Step3: Summation kinetic matrix and potential matrix

By summation (K) and () we get Ricci tensor Iéoy

as shown in (3.6)

Thus
* (obY 16°R
1t :_2+ - | T 2
ot ot R ot
s bR o O
" R otor R otor
5 ) e 81) GR e_Zb o’ l@_R@
" R oror R o Rot o
- _l 'ZbabaR e‘2b62R+la_R@
Y R "R ardr R o Rotot
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4.2. Calculate the Components of the Stress-Energy Tensor T
EXAMPLE 2

Using the results of Example above, find the components of the stress-energy
tensor 7'

SOLUTION

First, we need to find the Ricci scalar R

R:tr(l%w)

b [abjz 1 &R
o \ ot R o

b (abjz e ®R e oboR 10RO
=t = + +
o> \ ot

"R o> R aror Roor
18*R e R e¢* dboR 10RO
+| — - —_—t
Rot* R o R ordor ROt O

b (obY 10°R e R e 0boR 1 0R b
R=2|—F+|—| +——F———+ —
ot ot R ot R or R Oror R Ot Ot

Using (3.9), we can find the components of Einstein’s tensor as the following

o - e 0’R e 0bOR 10bOR

“""R a* R oror ROt o
—b 2 —b
G e’ O°R e’ 0boOR

tr S A A b A AL

R Otor R Ot or

. 1 0°R
Grr =__a_2
R Ot
2 2
G| 70, (2)
ot ot
Now, using transformation
G=g,
we obtain
_iaz_R_i_ﬁ@a_R_f_l@a_R _l_a2R +l@a_R 0
R o R Ooror ROt Ot Rotor R Ot or
e’ O°R
0 - 0 0
826G _ R o
¢ 0 0 0 0

2 2
0 0 o rel ()
ot ot
4.3. Solution of the Robertson-Walker Metric
EXAMPLE 3

Consider the Robertson-Walker metric

2

s’ =~dr* +- akﬁ & +a* (1)r2d6* +d* (1) rPsin’0d
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and use Abou Layla’s structure equations to find the components of the Ricci
tensor and the Ricci scalar

SOLUTION
For the given metric, we see that we can define the orthonormal vector z as
the following

a

z=—dtL+ dri+a(t)rd@j+a(t)rsindgk
T et va)

Then we have

0 NI-k* 0, 1 0 , 1 0
V=—L+ —i+ jt——
ot a Or ard@” arsind o¢

Now we calculate the equation of 4-interval angular d¢

L i Jj k
3 1—kr23 1 o 1 &

Vxz= — —
ot a Or aro@ arsin® o¢

, (dx, asa constant value)

dt

dr  ardd arsin@d¢

1-kr?
then we get
dp=Vxz

2
dr— 1=k idt]in
or

0 a
_{&1/1_]0,2 a
+(gard9—iidthxj

ot ar 00
! idthxk
¢

arsin@ 0

+ (g arsin@dg —
ot

+ 1=k~ ard@ - Lo L drl|ixj
a Or ar 00 |1 - /
_ 2
A M=k 0 inodg—— O @ g lixk
or arsin@ 0¢ /1 — jz*

a

A L0 rsinodg——— 2 ardo | ixk
ar 060 arsin@ O0¢

i
do = dr V"' +(ard@)v*” +(arsin8dg)v®
[ — J (ard@)v” +( )
+(Vi=ka0)" + (V-7 sin 0dg " + (cos 0dg) ™

a

0 dr ard@ rasin 8d¢
1—kr?
Y 0 JI-?d0  sinoV1-k?dg
e N
—rad6 ~1-k2do 0 cos Ad¢
—rasinf@d¢g —sinOV1-kr*dg —cosOdg 0
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We can find the components of matrix d¢,, directly from matrix dg,, as

the following

0 V1-kr? 0 1 0 1 0
adr Ot ard@ ot arsin8d¢ ot
B l—krzg 0 1-k* 1 0 1—kr? 1 0
_ adr ot a ard@ or a arsin@dg or
dg,, =
1 2 1 N1-k? 8 0 1 1 a3
ard@ ot ardd@ a Or ar arsin@d¢ 00
1 o 1 ANl-k*o 1 1o
arsin@d¢ ot  arsin@d¢ a  Or arsin@ ardg 00

A

We now proceed to find the Ricci tensor R,

Stepl: The components of the kinetic matrix

0 B 1-kr? a 1 9 B 1 g
adr ot ard@ ot arsin@d¢ ot
_\ll—krzg 0 NI—kr? 0 N1—kr? 0
_ adr Ot a’rdd or a’rsinOdg or
1 9 1= kr? 0 0 1 K
ard@ ot a’rd@ or a’r*sinfdg 06
I T o i 1 0
arsin@dg ot  a’rsin@dg or  a’r*sin@dg 00
0 R — —ard@ —rasin 0d¢
1-kr?
d 2 : 2
~ - dr 0 l—krd@ sinOv1-krd
FO7 = nd(pc_/ = — i ¢
—rad@ —1-kr*dé 0 cos&d¢
—rasin@dg —sinON1-kr’dp —cosOdg 0

By product of two matrix D, and F, we can find the components of the

kinetic field matrix k,, as the following

N1-k? 0 a . 1 0
adr  oOt\ \1—jp* | ard@ ot
i a a

;
k=L +24+ 2234
a a a a

.2 . 2
PO L, G B P L a(—\/ —krde)
adr  Ot\ \J1 - j* a‘rd@ or

+—“1_kr23(—sin ex/l—kr2d¢)

a’rsin@dg or

1o
1d6)+——— (rasinod
(rad0)+ e pag o "sin 0d9)

kOO

a k k ad+2k
ky=—t—+—=—7
a a a a
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lkrzﬁ

I”

22 7

10
9 (ardo (\/1 I de)
wrd 5\ 490)-
] 5
- od
+a r? Sln6d¢69( €0 ¢)

a rd9

i k 1
ky=—+—+
22

a a2 a2r2

1 \/1 k0

0 —(rasin@dg)-
arsin 6’d¢ ot a’rsin 9d¢ or

; 0 (cosOdg)
a’r’sinfdg 06

(s inO1- d¢)

i k 1
kyy=—+—+
33
a2 a2r2

Step 2: The components of the potential filed matrix:

By using (3.5) we can find matrix ( 7 ) as follows

1 1

arsin 6dtd¢

V1-kr?

a’rsin @drd¢

1
a’r” sin0d0dg

1

~ arsin@dedg

Ny

0 NI-k? B
adtdr ardrd @
V1-kr? 0 V1-kr?
adrdt ra*drd@
f =
oy
1 1-kr? 0
ard@dt a*rdOdr
1 1—Fr? 1
arsin@dgdt  a’rsin@dgdr a’r* sin@dpd o
Using option 1 as shown in (3.10) and (3.11), we can calculate the product of
two matrix 7, and dg, as follows,
0 _NI- kr? 1
adtdr ardtd@
N1—kr? 0 1-kr?
adrdt ra*drd@
1 I=kr? 0
ard@dt a’rdédr
1 V1-kr? 1
arsin@dgdt  a’rsin@dgdr a’r® sin@dgdo
0 S —ardd
1—kr?
| ———dr 0 JI-k2do
1-kr?
—rad@ —1-kr*dé 0
—rasin@dg —sinON1-kr’dp —cosOdg

Thus we have

a’r’ sin0dOdg

a’rsin@drdg
1

—rasin 6d¢

sin O1—kr*dg

cos@d¢
0

861
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a 2\ll—kr2 (l_k’”z)dg cosf (l—krz)sine _cosd
adt ardt adrdr arsin 6dt adrdr ardtd@
2aV1-k? _L‘_z(l—krz) ar\l—ki® o cosONI-kr® _ rasinOV1-kr d¢+c0s9d¢\/1—kr2
a*dr adt ra*dr adrd? ra* sin 6dr adrdt a*rdrd@
2 o -k a (1=k7)  coso asingdg _(1-kr)sind
a’rd@ ar1— k2 dods a’r’dé adt  a’rdr  a’r*sin6d6 ad@dt a’rd@dr
G p o -k ado (1-%7) p +(1—kr2) cos0
a’rsinfdg  grsin o1 - k2 dgdr a’r’sinfd¢  asin@dgdt  a’rsinOdgdr adt  a’rdr  a*r*sin@dé
Using the fact dx, =0 together with (3.11), we obtain
7
34 kr C?SH 0
adt ardt arsin @dt
aiok? o (1-k7) cosoN1—kr? .
a*dr adt ra*dr ra’ sin Odr
S07 = P 2
2a 1—kr a (1 —kr ) cos@
T2 T 22 — Tt T2 - 0
a'rdd a‘r-dg adt a’rdr a’r°sinfdé
~ a _ NI=k? 0 _L‘+(1—kr2)+ cos @
a’rsin@dg a’r?sin@d¢ adt  a’rdr  a’r*sin6dé
potential matrix is
0 0 0 0
24 24’
4 iz 0 0
1=kr? a
P =S_dp_ = : 2 (1—kr?
or = Por=¥or ra.cosé’ C?S@W 2a_2_( 22) 0
sin @ sin @ a av
2 (1-k7)
|
0 0 0 ZE_W

Step3: The components of the Ricci tensor 1%07 in the local frame

R00:3_
a
. . 2.2 ..+2 +2.2
R=4 2i2+izzw
a a a a
i k1 i (1-k?) (ad+2k+24)
R,=—+—+ +2—- =
22 a az a2r2 a2 a2r2 a2
G ko1 @ (1-k?) (ed+2k+24)
Ry=—F—+—5+2—5——"r—= 2
a a ar a ar a

Now, we can find the Ricci tensor R ,, as follows:

A

R07 = ga'/Rw
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Then,
34 0 0 0
a
. .2
. aa+2k+22a 0 0
oy 1-kr
0 0 (aii+2k+2d2)r2 0
0 0 0 (ac'i +2k+ 2a2)r2 sin> @

we can find the Ricci Scalar R as follows:

R=1r(R,, )= 6[MJ
oy

2
a

4.4. Solution of the Schwarzschild Metric

EXAMPLE 4
For the Schwarzschild metric
ds* = —e™dt’ +e”’dr’ +r°d@” +r’sin’0d ¢’

calculate the components of the Ricci tensor and the Ricci scalar using Abou Lay-
la’s methods

SOLUTION 3
we can define the orthonormal vector z as the following

z=e'dtL +e’dri+rd@j+rsinOdpk
Now we can calculate the equation of 4-interval angular d@ by
L i j k
0 ,0 10 1 o
e —_— —_—

Vxz=|e"— —
ot or rof rsinf o¢

e’dt  e’dr  rd@ rsinfdg

then we get

dp=Vxz
= (e“ 2ebdr —e? ie“dtjv01
ot or
+(e“ grda—lie“dtjv02

ot r oo
- ie“dt v
r sinf 0¢

+ [e“ gr sin@d¢ —
Ot

+[eb irdH —liebdrj V'
or r 00

+ e'birsin9d¢— 1 iebdr v
or rsin@ 0¢

+ lirsin6?d¢— 1 ird6? v?
r o0 rsind O¢
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Therefore, we have

0 —e™? i e’dt 0 0
or
ae“"dr 0 e’ 9 rdd e’ 2 rsinfd¢
d(007 _ or or
. 1o .
0 -edg 0 ——rsinfdg
rob
0 —e"sinfdg —cosBdg 0
0 —ae*bds 0 0
dea—bdt 0 e_bde e_b sin Hd¢
0 —e’do 0 cosfdg
0 —e’sinfdg —cosOdg 0

And the components of matrix d¢,, will be as the following

-b
0 e 9 0 0
e“dr ot
o, o 0
e“dt ot rd@ or rsin&d¢ or
d& =
’ et S S
rd@ or r(r sin 9d¢) 00
et o 10 0
rsin@d¢ or r(r sin 6’d¢) o0

Stepl: The components of the kinetic field matrix X

In our case, we have

F=d¢
D=d¢
. 1
7 z,z,
Then we get
b
0 LA 0 0
e“dt ot
o o e o
e“dt ot rd@ or rsin@de or
D, =
0 A 0 SIS
rd@ or r*sin@dg 00
R S
rsin@dg or  r*sinOdg 00

we can find the kinetic field matrix in the coordinate basis (K) as
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-b
0 LA 0 0
e’dr ot
o o e 8
e’dr ot rdé or rsin@d¢ or
k,, =
0 A 0 e
rd@ or r*sin@dg 00
R S
rsin@dg or  r*sin@dg 00
0 —ae’"dt 0 0
ae’"dt 0 e’dd e’sinfdg
X
0 —’do 0 cos0dg
0 —e"sinfd¢g —cosOdg 0

The nonzero components of &, matrix are

_ et
o e‘dr or

(de”’bdt) =—ge? —g*e® +abe™

¢’ (_dea*bdr)+ii(_e*bd9)+ii(—e”’ sin6d¢)

" edior rd6 or rsin0dg or
k,, =—ie™ —a’e™ +abe ™ + Zée’”’
r

-b
-_° a(e’bd0)+;i(—cos6’d¢)

27 oo 7 sin0dg 00

ky = ée_zb 3

r r
-b
ky, = —.e—i(e’b sin 9d¢)—2,;i(005 odg)
rsin@dg or r-sin@d¢ 06

by = éeizb +L2

r r

Step2: The components of the potential field matrix P

0 1 1 1
e“e’dedr re‘dtd@ re” sin 8dtd ¢

1 1 1
1 e“e’dedr 0 re’drd6 re’ sin @drd¢

T 1 1 0 1
re’dodt re’d@dr r* sin 0dOd ¢

1 1 sin @
re“sinfdgd:r  re’sin@dgdr 1’ sinOdpdo

The square of vector d¢ form as,
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0 —ae“"dt 0 0
(do) = ae’"dt 0 e’dd e’sinfdg
0 - ’do 0 cosfdg
0 -e’sinfdg -cosOdg 0
0 —ae*"dt 0 0
N ae’"dt 0 e’dd e’sinfdg
0 - ’do 0 cos@d¢g
0 —e"sinfd¢ —cosOdg 0
thus
F? =(dg)’
0 0 —ae“*drdd  —ae* ™ sinOdedg
B 0 0 0 e’ cos@dOdg
—ae**"dadt 0 0 —e " sinAdOd¢
—ae“ " sin@dgdr cosfe ’dgdd —e ' sinOdpd o 0

Using (3.12) the matrix of potential field matrix P, will be

2% 0 0
r
0 0 0 0
P = -
oy 0 0 _Ze—zb _ize—zb 0
r r
d -2b 1 -2b
0 0 0 —76 —r—ze

Step3: The components of the Ricci tensor
R, =k, +F,

Then we get

.
R . L b
R, =—ie? —a*e™ +abe™ +2—e
r
s b oo, 1 a1
R,="e 2b+_2__e 2 _ 1 2
r oo r
~ b -2, 1 d -2, 1 -2,
R, =—¢ b+—2——e b2
r r r r

Now, we can find the Ricci tensor R, as follows:

A

R

o7 = 8oylisy

R
Then,

.. 2a-2b 22 2a-2b <7 2a-2b 2-2—217
Ry =ae™ 7 +ae™ " —abe™ " +—ae™

r

.2
R, =—i-a" +ab+=b
r
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-2 ) -2
R, =rbe”™ +1-rae™ —e™

A ) ) . 2b 2 2b .2
R,, = rsin’ @be " +sin’ @ —rae™’ sin” —e >’ sin” @

The Ricci Scalar R can be found by calculating tr(]é o ) :

i+a®—ab 451—5 ze”’—l
2b - T 2 2

R:tr(f?o?):—2 e re r’e

5. Conclusion

Dealing with general relativity theory in a matrix form will ease the way to find
the Ricci tensor, Ricci scalar, and Einstein Field Equation. The most important,
it will open the doors to unify this theory with electromagnetic theory in the

near future.
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