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In solution of Einstein field equations it is necessary to contracting Riemann-Christofell tensor. The
contraction of Riemann-Christofell tensor or simply the curvature tensor is called the Ricci tensor and

denoted by E:j. The calculation of Ricci tensor in 3 and especially in 4-dimension is not very difficult
but, it is very tedious; and need more time with accuracy. In this paper, the focus has been given to
construct a software programming for determination of Ricci tensors with Mathematica V 5.1. This
software program is not only able to calculate for any dimension, but also has ability to add any
coefficients that may be needed to assume in our line element with any coordinate systems.
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INTRODUCTION

An expression which expresses the distance, between
two adjacent points is called a metric or line element. The
simplest line element in the three dimensional spaces
and Cartesian coordinates Systems is given by;

ds® =dx?® + dy?® +d=2 (1)

The line element with using summation convention and in
terms of general curvilinear coordinates becomes;

ds* = B EMBED Equation. 3 B88du/du® = gjrdul du*
2

This idea was generalized by Riemann to n-dimensional
space. Here the coefficients of Hik are the components
of a covariant symmetric tensor of rank two and called
the metric tensor or fundamental tensor. These quantities

are the functions of coordinates x’ , subject to the res-
triction g = determinant of Z:x that is [-‘J"ul =0 The

quadratic  differential form of dijk deldx® g
independent of the coordinate system and is called the
Riemannian metric for n-dimensional space Gray, (1998).
The space which is characterized by Riemannian metric
is called Riemannian space. In the special case where
the metric is represented by;
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or , the space is called n-dimensional Euclidean
space (Landau et al., 1987). It is now obvious that
Euclidean spaces are the particular cases of Riemannian
space. In general theory of relativity (four dimensional
spaces) and in general space (i.e. Riemannian space)

the line element is given by;
ds? = gy dx’dx® (G.k=1234) (4)

This line element can be introduced in any coordinate
systems like Cartesian, Spherical, and Ellipsoidal or in
any other interesting coordinate systems. We introduce a

A Co . . .
tensor Rive  which is called Riemannian-Christofell
tensor or simply curvature tensor as a tensor of rank 4,

with contravariant and covariant in terms of 4 and KV&
respectively;

: 9 5, @ , :
Rﬁt'cr = ﬁr;}a 'al__gr:lr + r::crr:iy - rﬁl‘rgﬁ'

(5)

Riemannian-Christofell tensors do belong to the class of
fundamental tensors and Riws can be contracted in three
ways, (a) Contraction with respect to indices A and 7 (b)
Y, (o)

Contraction with respect to indices A,H . But since

Contraction with respect to indices A and



A . . I p
Rive are antisymmetric with respect to indices ¥ and,

7 therefore the first and second cases give only one
independent tensor. Thus there are only two ways of
contracting Riemann-christofell tensor, one way leads to
Ricci tensor while the other way leads to a zero tensor
(Logunov, 1989). Therefore the contraction of Riemann-
christofell tensor with respect to o gives the second rank

tensor called the Ricci tensor and denoted by Ryuv as,

., — = ore.r= _re.r#

&V T f At ad (6)
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TTHR¥ TTHVA Awl HA

a", FEHT T LA av

Ricci tensor may also be written as

(7)

With interchanging the indices # and V in equation (7)
and comparing with equation (6), we see that Ricci tensor
is symmetricRur =Ry

The calculation of Ricci tensor is not difficult but is a
very tedious especially for higher dimensions with
assumed coefficients in most line elements and therefore
is very sensitive in work. This is the main reason which
we would like to apply and calculate all the process of
calculation by computer, especial with Mathematica V
5.1. The Mathematica programming language allows us
to construct a problem into a program simply and quickly.
Mathematica contains a vast array of documentation with
access in a variety of ways (Wellin, 2005). The advan-
tage of this computer programming language is high
accuracy and time saving in most of calculations
(Wolfram, 1991).

ALGORITHM OF SOLUTION AND METHODOLOGY

A spatial point requires three measurements in each coordinate
type. It must, however, be noted that the descriptions of a point in
any of systems are equivalent. Different coordinate types are more
convenience of appropriateness for a given situation. Three major
coordinate systems used in the study of physics are: Rectangular,
Spherical, Cylindrical (Philip M. Morse, Feshbach H, 1953). Rectan-
gular or Cartesian coordinate system is the most convenient as it is
easy to visualize and associate with our perception of motion in
daily life. Spherical and cylindrical systems are specially designed
to describe motions, which follow spherical or cylindrical curvatures
(James Nearing 2008). For this we should select any coordinate
system which is useful in our study.

The first step after running the program, is asking by the
program, is selection of our interest system. The coordinate system

parameters are defined as, 1 +4z: 93 and Ja .
The first three parameters @1 :9z2:9a are in the Space coor-
dinate system and the last parameter @4 is in the Time. If we don’t

like work to use Time dimension, we can neglect @& with enter in
computer key board.

These parameters which are coming in our windows showing our
coordinate axis as input data. The main reason of this input selec-
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tions are to choose our Coordinate system which we are interest in
to work. This step we have different options to select as rectan-
gular, spherical, cylindrical and or any other coordinates systems.

The chosen different coordinates systems need different
coefficients too. These different coefficients are very important to
our calculations (Stone M, 2008).

If any coefficients are needed to add in our line element, we are
able to select automatically.

Most objects like planets and stars approximately following in
ellipsoidal or spherical coordinate systems. One of the best reasons
which we are interest in to use ellipsoidal coordinate system is its
application in Astronomy and Astrophysics.

In the December, 2004, Mike Brown and his team discovered a

new planet in outer solar system known as the Kuiper Belt which is
called 2003 EL61 (Mike Brown 2008 ). This new discovered object
which is now known as Haumea named by International Astronomy
Union (IAU) and is one of the strangest known objects in the solar
system. The most important matter in our study is the shape of
2003 EL61. This object is in the form of Ellipsoidal shape and for
more study of this object and gravitational field of same objects,
stars or planets, the metric should be use in the Ellipsoidal
coordinate system.
In this program we have tested the Schwarzschild metric Solution
and Kerr Solution in the regular form and also in different
coordinate systems (Nikouravan, 2001) successfully to show the
accuracy and validate the calculations of Ricci tensors.

Therefore, in this paper the attempt has been given to construct
our programming with definiton of input parameters

41-92.93-94 in the Ellipsoidal and spherical coordinate
systems. The following steps have been carried out to measure
different parameters in Ellipsoidal or spherical or in any other
coordinate systems for Ricci tensors.

The Input process started with running the program which is the

first step for selection of @1 « 42 » 43«44 a5 input parameters in
terms of any coordinate system in 4D (Ellipsoidal / Spherical or any
other type of coordinates).

The solution of line elements in 5D (Wesson, 1984), we need a
little changes in the main body of the program. As we know in 4D
we have to consider a (4x4) matrix with 16 elements whereas for
5D we have to consider an (5x5) matrix which really the solution of
same matrix is very tedious and also need more time (Sajko.W.N,
1999).

The next step needed to select some necessary coefficients of

. A v - .
the matric as € +€ . Here A and ¥ are function of T and

t separately or are depend to both factors.
By selected input parameters, the program easily and automati-

cally can be start. The procedures are by, calculation of i in
covariant form. According to this program the indexes L and J'

starting from 1 to 4 continually and all the Hij s will produce. The
same process also is going on for determinant of gi; |

contravariant form of &ij , Christofell’'s symbol of first and second
kinds too.

The calculation of different values of Pij = LOGY —4, with

L =1234 have different equations. The result of this
process also comes in to the final results and finally Calculating of

1) as Ricci tensors will obtain respectively.

It is important to mention that in all parts of programming and the
process, we are able to make print from input and output data and
also all results in the process after calculation. The print ability of all
parts are very helpful to consider some more contribution of our line
element in probably more consideration or correction.
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RESULTS AND DISCUSSION

This paper shows that the attempted test on Schwarzs-
child metric Solution and Kerr Solution in spherical coor-

dinate system r.8.9 and t with different coefficients,
have been successfully validated. It shows better results
than manual calculations and also it saves more times
and increases the accuracy.

By using this computer programming (Appendix 1) we
have found the same results for the following line
elements Equations (8), (9) and (10) which have done all
calculations manually and very tedious (Nikouravan,
2001).

ri o Cos*8
def, o= ddtio Ayl (34 a3 (pc3F) 4R3 - [r3 4 3 ) SindA 43
TTMINKOWSKD — ’,: 4 :ﬂ‘: - > ToTTT oTe T > L

ds? = c3dt? - a3 (Sinh®u 4 Sindv)du® - ?(SinkPy 4 Sin*e)dv® - (o Coshiu Cos*v)dg? (9)

)]-.. 23001 1 22V 1 5213

ds? = £341% — g% [= AM]‘Z’: - "[" AM

Using this computer programming, bring more ability to
consider any section and parts and printout all the out-
puts for more discussions, contributions and constructing
of new line elements.

Conclusion

In this useful and applicable computer programming, we
have tried to solve and get the Ricci tensors first, and
finally work ability with any coordinate systems. Because
the solution of problems in different coordinate systems
are very important and interesting for astrophysical
subjects and Gravitational field of objects to make
contribution and also the comparison of the results gives
us some new idea to do.

Appendix 1. Computer programming for determination of
RICC tensors.

W
RowBox]["",

RowBox{{\(Array{g, {4, 41, "\n", \Arayir1, {4, 4, 4],
", VAray[r2, {4, 4, 4119, "\n", (Arraym, {3, 3]},

', \(Amaylp, {4, 411, "', \(Arayln, {4, 4, 411)),

', \(Amay(d, {4, 411,), "\, \(Amay\[Phi, {5, S}1.),

', \Araylr, {4, 411, "', (Amaylr22, {4, 4,4, 411)),

"\IndentingNewLine]",

""" \x1[g1, 02,038 , 04 ]=Inpull<inter function one\>"]y),

" \62g1_, 2,08 ,04 ]=Inpufl<inter function two'>"T),

", \X3g1_, 2,03 ,04 ]=Inpufl<inter function tree\>"7y),

" \dlg1_, g2, o8, o ]= Inputl\<inter function foun>"1y),
"IndentingNewLine]",

"', \(Print\<—"Part 1 =),

"\IndentingNewLine]", "\IndentingNewLine]", "\IndentingNewLine]",

"' \Prinf\<—Minkofsky Space-\>"),

'\l 1] =

Exp{{Lambda]q1]]*

Simplify{\(-{PartialD)\ g1\

x1[q1, a2, o3, g4l \PartialD) g\

x1[q1, 02, G3, oA - \PartialD]\ g1\

x2[q1, o2, 63, oA {PartialD]\ g\

x2[q1, 92, 43, o] - PartialD]\ g\

x3[a1, a2, 93, g4]"\PartialD)\ g1\

x3[a1, a2, 9B, g4] + \PariaD)\ g1\

x4[a1, 92, 93, g4]"\PartialD)\ g1\

x4{q1, o2, g3, AT,

"\ \(Print\<g[1,11=", g[1, 1]V, "\IndentingNewLine]",
"IndentingNewLine]",

QL= |
Simpiify\-{PartalD]\ q1\x1[q1, 2, 3, od])"PartialD]\ o\
x1[q1, a2, o3, 4] - \PartialD]\ g\

x2[q1, a2, 43, gA"[PartialD)\ g2\

x2[qt, 92, 43, o] - PartialD]\ o\

x3[q1, a2, 43, gA]"[PartialD)\ g2\

x3[a1, 2, 9B, g4] + \ParialD]\ g1\

x4{q1, 92, §3, gd"(PartialD)\ g2\x4{qt, a2, o3, oA},
"\ \(Print<g[1,21=", g[1, 2], "IndentingNewLine]",
'\, 3=

Simpiify\-{ParialD]\ q1\x1[q1, 2, g3, od])"PartialD]\ o3\
x1[q1, a2, o3, 4] - \PartialD]\ g\

x2q1, a2, o3, g4 {PartialD]) 3\

x2[q1, o2, 3, 4] - PartialD)\ i\

x3[q1, 92, 43, gA]"[PartialD)\ o3\

x3[a1, 2, 9B, g4] + \PariaD]\ g1\

x4{q1, 92, §3, gd"{PartialD)\ 3\x4{q1, a2, o3, oAl
", \(Print\<g[1,3=%>", g[1, 3]V, "\{IndentingNewLine]",
"\n"! \(9[1 ’ 4] =

Simplifyf\(-{ParialD)\ q1\x1[g1, g2, g3, ¢ *PartialD)\ g4\
x1[q1, a2, o3, 4] - \PartialD]\ g\

x2q1, a2, o3, g4 {PartialD) oA\

x2q1, a2, o3, 4] - \PartialD]\ g\

x3[q1, o2, g3, gd]"{PartialD]\ o\

x3[q1, 02, 43, 4] + [PartialD)\ g1\

x4(q1, 92, §3, gd"[PartialD)\ ad\x4{q1, a2, o3, oA},
"\, \(Print"\<g[1,4=%", g[1, 4]V, "\IndentingNewLine]",
"\n"! \(9[2! 1] =

SimpIHyN-\[ParﬁalD]\_q2'\x1 [a1,92,03, @ {PariaD)\ g1\
x1[q1, 92, 43, ¢d] - PartialD]\ o2\

x2[q1, 02, B, od]{PartalD] g\

x2[q1, o2, B, of] - PartialD) g2\

x3qt, o2 B, o] {PartalD] g\

x3[a1, o, o, o] + PartielD)\ g2\

x4{q1, 92, §3, gd\[PartialD)\ q1\x4{q1, a2, o3, oA},
""" \(Print\<g[2,11=%", g[2, 1]V, "{IndentingNewLine]",
"\l"]", \(9[2! 2] = ) )
Simpify|\(-{PartialD\ o x1[o1, g2, o3, g4 {PartialD) g2\
x1[q1, a2, o3, 4] - \PartialD]\ o\

x2q1, a2, o3, g4 {PartalD) g2

x2q1, a2, o3, 4] - \PartialD]\ o2\

x3[q1, o2, g3, gd]"{PartialD]\ o2

x3q1, a2, o3, 4] + \PartialD]) g2\

x4{q1, o2, o3, A]PartalD])\ o2\ x4[q1, a2, o3, dA]LY,



"\, \(Print\<g[2,21=", g[2, 2], "\IndentingNewline]",

" \gl2, 3]=

Simpiify\-{ParalD]\ o\ x1[q1, 2, 3, od])"PartialD]\ o3\
x1[q1, a2, o3, 4] - \PartialD]\ o2\

x2q1, a2, o3, g4 {PartialD) g3\

x2[q1, 92, 43, o] - PartialD]\ o2\

x3[q1, 92, 43, gA]"[PartialD) g3\

x3qt, 02, 63, o] + \PartialD) g2\

x4{q1, 92, 93, gAT"[PartialD)\ o3\x4{q1, a2, 43, o4l

""", \(Prin"<g2,3]=%>", g[2, 3], "\IndentingNewLine]",

"\n"s \(9[25 4] = ) )
Simpiify\-{PartialD]\ o\ x1[q1, 2, g3, od])"{PartialD]\ o\
x1[q1, o2, o3, ] - PartialD)\ g

x2[q1, o2, g3, gA]"(PartialD]\ o\

x2[q1, o2, 3, ] - PartialD)\ g

x3[q1, o2, g3, gA]"{PartialD]\ o\

x3q1, a2, o3, 4] + \PartialD]) g2\

x4{q1, a2, 43, gA"[PartialD)\ ad\x4{q1, a2, 43, o4,

""", \(Print"<g241=>", g[2, 4], "\IndentingNewLine]",

"\n"s \(9[35 1] =

Simpiify{\(*{PartalD)\ g3\x1[q1, o2, o3, i) [PartialD)\_ g1\
x1[q1, 92, 43, o] - PartialD]\ o3\

x2qi, 02, B, dé\PartialD\_ gi\

x2[q1, o2, g3, ] - PartialD)\ g3\

x3[q1, 02, B, U \PartialD\_ gi\

x3q1, a2, o3, 4] + \PartialD]) g3\

x4{q1, o2, g3, gA(PartialD]\ a1\x4[q1, a2, o3, 4],

"\, \(Print\<g[3,1]=5", ¢[3, 1]V, "IndentingNewLine]",

"\‘t]"s \(9[35 2] = ) )
Simpiify{\(*{PartalD\ g3\x1[q1, o2, o3, i) [PartialD)\ g2\
x1[q1, 92, 43, ¢d] - PartialD]\ o3\

x2[q1, 92, 43, gA"[PartialD)\ g2

x2[qt, 92, 43, o] - PartialD]\ o3\

x3[q1, a2, 43, A" [PartialD)\ g2

x3qt, a2, o3, 4] + \PartialD]) g3\

x4{q1, o2, g3, A (PartialD) o2 x4[q1, a2, o3, 4],

"\, \(Print\<g[3,21=", g3, 2], "\IndentingNewline]",
NGB, 3= |
Simpiify{\({PartalD]\ g3\x1[q1, o2, o3, ) [PartialD)\ g3\
x1[q1, 92, 43, o] - PartialD]\ o3\

x2[q1, 92, 43, gA"[PartialD) g3\

x2[q1, 92, 43, o] - PartialD]\ o3\

x3[q1, 92, 43, gA]"[PartialD)\ o3\

x3[q1, 42, 43, ¢d] + [PartialD)\ o3\

x4(q1, 92, 43, gAT"[PartialD)\ o3\x4{q1, 42, 43, o),

"\, \(Print\<g[3,3]=>", g3, 3], "IndentingNewLine]",
NGB A= |
Simpiify{\({PartalD]\ g3\x1[q1, o2, o3, )" [PartialD)\ a4\
x1[q1, o2, o3, 4] - PartialD)\ g3\

x2[q1, o2, g3, gA]"{PartialD]\ o\

x2[q1, o2, o3, ] - PartialD)\ 3\

x3[q1, 92, 43, gA]"[PartialD)\ g4\

x3[q1, 42, 43, ¢d] + [PartialD) o3\

x4{q1, a2, 43, gA"[PartialD)\ ad\x4{q1, a2, o3, o4,

"\n", \(Print{"\<g[341=>", g[3, 4], "\IndentingNewLine]",

"\n"s \(9[45 1] =

Simpiify\-{PartialD]\ ofh x1[q1, 62, o3, o) {PartialD]) o\ x1[a, @2, 6B,

¢ - \PartialD] ok
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x2qi, 02, B, dé\PartialD\_gi\

x2[q1, o2, o3, ] - PartialD)\ oA\

x3[q1, 02, a3, U \PartialD\_gi\

x3q1, a2, o3, 4] + \PartialD]) o

x4{q1, o2, g3, A(PartialD]\ q1\x4[q1, a2, o3, A1),
", \(Print{"\<g[4,11=>", g[4, 1]V, "\IndentingNewLine]",
"\‘t]"s \(9[45 2] = ) .
Simpiify{\(*{PartalD)\ gA\x1[q1, o2, o3, i) [PartialD)\ g2\
x1[q1, 92, 43, o] - PartialD]\ o

x2[q1, 92, 43, gA"[PartialD)\ g2\

x2[q1, 92, 43, o] - PartialD]\ o\

x3q1, a2, o3, g4 {PartialD) g2

x3q1, a2, o3, 4] + \PartialD]) o

x4{q1, o2, g3, A]"(PartalD]) o2\ x4[q1, a2, o3, 4]l
"\, \(Print\<g[4,2]=>", g[4, 2], "IndentingNewLine]",
I\, 3= |
Simpiify{\({PartalD]\ g4\x1[q1, o2, o3, ) [PartialD)\ g3\
x1[q1, 92, 43, o] - PartialD]\ o\

x2[q1, 92, 43, gA]"[PartialD)\ o3\

x2[q1, 92, 43, o] - PartialD]\ o\

x3[q1, a2, 43, gA]"[PartialD)\ o3\

x3q1, a2, o3, 4] + \PartialD), g\

x4{q1, o2, g3, A]"(PartalD]) o3\x4[q1, a2, o3, 4]l
"\, \(Print\<g[4,3]=>", g[4, 3], "IndentingNewLine]",
', \(gl4, 4] =

Exp{{Nulfo1]*

Simplify{\(-{PartialD)\ g4\

x1[q1, o2, g3, A" \PartialD) g\

x1[q1, 02, 63, o] - \PartialD]), g4\

x2[q1, 02, 63, oA {PartialD]\ ok

X2[q1 ’ q2! q3’ q4] - \[PamalD]\_q4\

x3[q1, a2, 43, gA]"[PartialD)\ g4\

x3[q1, 92, 43, ¢d] + [PartialD)\ g4\

x4(q1, a2, g3, gA]"[PartialD)\ g4\

x4{q1, o2, g3, AT,

', \(Print\<g[4.4}=>", gf4, 4], ",

"\, \(Print"\«—End of part 1 and part 2 started—\

821

>, "', \(Prinf\<~Conravariant-Factors \->"7), "{IndentingNewLine]',

"' \(de =
Simpify{

Detff{a[1, 11,001, 2], 9[1, 3], (1, 4]}, {02, 11, 92, 2],
9l2, 3], 912,47, {0[3, 11,913, 2], 9[3, 3],

93,41, {04, 11,94, 2], o[4, 3], o4, 411,
"IndentingNewLine]'",

"' \d[1, 1]=

Simpiify{

Detf{{1,0,0,0},{0,9i2, 2], gi2, 3], gi2, 41, {0, 93, 2],
a3, 3], 913,41}, {0, gi4. 2}, gi4, 3], gi4, 4111,

"IndentingNewLine]",

""" \(d[1,2]=

Simpiify{

Deff{{0, 1,0, 0}, {g[2, 1], 0,912 3], 9l2, 4], {913, 11,6,
913, 3], di3, 411 {dl4, 11, 0, g4, 3], of4, 4TI,
"\IndentingNewLine]",

""", \(d[1,3]=

Simpiify{

Det{{0, 0, 1,0} {0l2, 1]. 92, 2}, 0, 9f2, 411, {d[3, 1],
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di3,2],0,93,41 {di4, 11,94, 2], 0, gl4, 4T,
"\IndentingNewLine]",

""" \(d[1,4]=

Simpiify{

Det{{0,0,0, 1},{0[2, 1], 912, 2], 9[2, 3], O}, {93, 1],
a3,2], 93, 3], 0}, {gi4, 11, ol4, 2, gi4, 3], O,
"IndentingNewLine]'",

""" \d2,1]=

Simpiify{

Detf{{0, o[1, 2}, 91, 3}, o[1, 411,{1,0,0,0},{0,9[3, 2],
a3, 31, 913,41, {0, 94, 21, of4, 3], 94, 4T,
"\IndentingNewLine]",

""" \(d2,2]=

Simpiify{

Detff{d1, 11,0,9(1, 3], 1, 41,{0,1,0,0},{d[1, 3}, 0,
g3,3], 93,411, {al4, 1], 0, ol4, 3], oi4, 41T,
"\IndentingNewLine]",

""" \(d2,3]=

Simpiify{

Detff{d1, 11,0[1,2], 0, 9[1,411,{0,0, 1,0}, {93, 1],
di3,2],0,9i3, 41, {94, 11,94, 2, 0, ol4, 4TI,
"\IndentingNewLine]",

""" \(d2,4]=

Simpiify{

Detff{d1, 1], 9[1, 2], 91, 3], 01,{0,0,0, 1}, {93, 1],
di3,2], 93, 3], 0}, {di4, 1], dl4, 2], i4, 3], O,
"\IndentingNewLine]",

"\ \dB, 1]=

Simpiify{

Detf{{0, o[1, 2}, 91, 3], o1, 411,{0, 912, 2], 92, 3],
dl2,4],{1,0,0,0,{0, 04,2, oi4, 3,

g4, 411, "IndentingNewLine]",

""" \d[3,2]=

Simpiify{

Detff{d1, 11,091, 3], o1, 411, {al2, 1], 0,92, 3],
g2,4],{0,1,0,0}, {9[4, 1],0, _g[4, 3],

gi4, 41T, "\IndentingNewLinel",

"N \d[B,3]=

Simpiify{

Detff{d1, 11,0[1, 2], 0,91, 411, {0l2, 1], 92, 2], 0,
gi2,41,{0,0, 1,0}, {gf4, 1], 94,2, 0,

g4, 411, "IndentingNewLine]",

""" \d[3,4]=

Simpiify{

Deff{{d[1, 11,0[1, 2], o[1, 3], 0}, {gl2, 1], 92, 2], g2, 3],

01,{0,0,0, 1},{0i4, 1], 9[4, 2], g[4, 3], O},
"{IndentingNewLine]",

"n",\(d4, 1]=

Simpiify{

Detf{0, o[1, 2], 91, 3], o1, 4], {0, 9I2, 2], g2, 3],
gi2,41,{0,93, 2, g3, 3], 913,411, {1, 0,0,
OB, "\IndentingNewLine]",

"n" \(d4,2]=

Simpiify{

Deff{a1, 110,91, 3], o1, 4] {912, 1], 0,912, 3],
g2 41, {d13,1], 0,913, 3], 93,4, {0, 1,0,

OB, "\IndentingNewLine]",

"\n",\(d4, 3]=

Simpiify{

Detf{g1, 1],911,2},0,9[1, 41}, {92, 1], 9[2,2]. 0,
92,41 {di3, 11,913, 2],0,9[3,4], {0,0, 1,

O, "\IndentingNewdinef",

"', \(d4, 4]=

Simpiify{

Detiffg1, 11,901, 2}, 9[1, 3], 0}, {92, 11, 92,2}, 92, 3},
0}, {af3, 1,93, 2], 913, 3], 0}, {0, 0, 0, THIL,
"IndentingNewLine]", "\IndentingNewLine]",

', \(Forfi=1,

i<=4,\{H+), {Forf=1,

j<=4,\[++), IndentingNewLineld(i,
1=\OCOG -+ Yol e

Prnf<pls>", i, <", j, <=, pfl, T,
"IndentingNewLine]", "\IndentingNewLine]",

"\n", \(Print{"\«—End of part 2 and part 3 started—
>N, "\, \(Print\<—Christofells Symboles of first\
kind—>"N), "\IndentingNewLineT",

' \(Fol=1,

l<=4,\(++), {Forfj=1,

j<=4,\j+), {Fok=1,

k<=4,\k++),{Forfz=1,

z<=4,\z++), {Forjv=1,

v<=4,\v++), {n[z, v, 1]=\PartialD\ g1\

dlz Vi niz,v, 2] = \PartalD)\ o\giz, vi;

niz,v, 3] = PartialD)\ q3\giz, vi;

Nz v, 4] =\PartialD\ g4\

9lz VI3T; IndentingNewdineJr1l,j, K| =
Simplfy(((172) (], , K] +nlk, 1, -

N,k DIV

Prin\r1]>" 1, " " J, S K, WS

[l j, KERED, "IndentingNewd.inef,
"\IndentingNewLine]",

"', \(Print{\«——Christofells Symboles of Second\
kind—>"N), "\IndentingNewLine]",

"\n", \(Printl"\«—End of part 3 and part 4 started\
>N, W', (Fofm =1,

m<=4,\m+), {Fori=1,

i<=4,\(H+), {Fok=1,

k <=4, \(k++), \IndentingNewLine}{r2Im, i, K] =
Simpify{

plm, 17r1[1,i, K]+ pm, 2I'r1[2, i, K] +

pim, 3*r1[3, i, K] + pim, 41r1[4, i, K],

Prinf\<r2]>", m, " >", i, S K, WS

r2m, i, KT, "IndentingNewd.inef"

"\n", \(Print{"\«—End of part 4 and part 5 started—
>N, "IndentingNewLine]",

"', \(Print\«—Calculate \

\Phli\Phii-—>"),

0", (P[5, 5] =
Simpify{Log{\((\(-de))"\(1/2))/Log[10[},

"', \\Phil[5, 1] = Simpiify{\{PartialD}\ g1\\Phil[5, 5];
Prn\«———Phil[1}=>", \PHi[5, 1]},

"', \{P5, 2] = Simplify{\PartialD)\. g2\ {Phi[5, 5[;
Prin\«———\Phif[2=>", \Phi[5, 2]J),

0", (P[5, 3] = Simplify{\PartialD)\. o3\\Phi[5, 5[;



Print{"\<———{Phi[312>", \Phi[5, 3L,

", \\Ph[S, 4] = SimpifyPartialD]\ o\ Phill5, ST
Print{"\<———\{Phi4}2>", \Phi[5, 4.,

", \Prn \«—>"T),

", \({Ph[1, 1] = Simplfy{PartalD) \(q1, o1 WPh5, 51

Prinf’\<

\Phi[1,11=", {Phi[1, 1],

", \({Ph[1, 2] = Simplfy{{PartelD) \(q1, q){Phi[5, 51

Print«:

\Phi[1,21=", {Phi[1, 2][),

", \({Ph[1, 3] = Simplfy{{PartelD) \(q1, q8\{Ph[5, 51

Print\«:

\Phi[1,31=", {Phi[1, 3],

A", \({Ph[1, 4] = Simplfy{(PertelD) \(q1, o#{Ph[5, 51

Prinf"\«

\Phi[1.412", {Phi[1, 4T,

", \({Phi2, 1] = Simplfy{{PartalD) \(G2, ot WP5, 51

Prinf"\«

\Phi[2,112", {Phi2, 11,

", \(\{Phif2, 2] = Simplfy\{PartialD)\ {02, c2)PHl5, ST

Prinf"\«

\Phi[2,212", {Phil2, 2T1),

", \(\{Phif2, 3] = Simplfy{\{PartialD)\ Vo2, qB)PHS, ST

Prinf’\<

\Phi[2,3]=>", {Phil2, 3],

", \{Phi2, 4] = Simplfy{{PartelD) \(G2, P[5, 51

Print\«:

\Phi[2.41=", {Phil2, 4T1),

", \({PHI3, 1] = Simplfy{{PartelD) \(G3, ot YWPh[5, 51

Print\«:

\Ph[3,11=", {Phi[3, 111,

", \({Phi[3, 2] = Simplfy{\{PartialD)\ {03, q)PHl5, ST

Prin"\<

\Ph[3,21=", Phi[3, ][,

", \(\{Phi[3, 3] = Simplfy{\{PartialD)\ {03, qB\PHl5, ST

Prinf"\«

\Ph[3,3]=>", Phi[3, 3[J),

"', \({PH[3, 4] = Simplfy{PartialD)\ \(03, a4){Pi5, 51

Printf"\«

\PhI[3. 412", Phi[3, 4T1),

", \{Phil4, 1] = Simplfy{{PartelD) \(c4, ot WPh[5, ST

Prinf’\<

\Phi[4,11=", {Phi[4, 111,

", \{Phi4, 2] = Simplfy{{PartelD) (4, o){Ph[5, 51

Print\«:

\Phi[4,21=", {Phil4, 2]1),

", \{Phi4, 3] = Simplfy{{PartelD) (4, q8){Ph[5, 51

Print\«:

\Phi[4,31=>", {Phil4, 3],

"', \({Phi4, 4] = Simplfy{PartalD)\ \(4, g4)Ph5, 51

Prin\< \Phi[4.4]=>", \Phi[4, 4,
"IndentingNewLine]", "\IndentingNewLine]",
A, \(PAN \eeeee>T),

A, \(PAN \eeeee>T),

", (PN Qeeeee>T),

"', \(Print\<e++=R[i jI=[Phil[ij {CapitalGamma]lk,ijKk}-+
\[Cap?talGamma][k,i.,p]’\[CapitalGamma][p,i,k]-
WCapf\ti{?\?mma][p,lﬂ“\{F’hU[p]\

", (PN eesee>T),

A, \(PANseees >,

"\n", GridBox{{

{\(PAn"\Qeeseeec >,

{\(Prin"\Qeesseeee> A

1, "\IndentingNewLine]", "{indentingNewLine]",
"', \(Print{"\«—End of part 5 and part 6 started—\
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>N, "\IndentingNewLine]'",

W, \(For=1,

i<=4,\[++), {Forj=1,

j <= 47 \(]'H'\)! {For[k =1 ’

k<=4, \k++), {r22], j, k, 1]=\PartialD\_gi\
12, j,K;

122}k, 2] = \PartialD)\ o2\r2f1j,K];
r22,j, k, 3] =PartialD) o3\r2fij,K];
1221}, k, 4] =PartialD)\_o\r2fi j I,
"IndentingNewLine]",

"' \(Forfi=1,

<=4, \[++), Fof=1,
j<=4\[+),{l1=

Simpiify\({Phf,

1-\{SumMk = )94 220K i

K]+ [Sumk = 1) 26 Sumpp =\
TWA(2L, i, T2, K))Y - Sumiv\(p = 1\)\%A4 2[p,
INPhIS, pDV;

P \crsssnmeeRIS", |, V) ), S,

ff, IV}, "{IndentingNewLine]",
"{IndentingNewLine]'}}\
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