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I. INTRODUCTION

A static universe is a cosmological model in which the universe is both spatially infinite and temporally infinite, and
space is neither expanding nor contracting. Such a universe does not have spatial curvature; that is to say that it is 'flat' or
Euclidean. A static infinite universe was first proposed by Thomas Digges. In contrast to this model, Albert Einstein
proposed a temporally infinite but spatially finite model as his preferred cosmology in 1917, in his paper Cosmological
Considerations in the General Theory of Relativity.[1],[2]. where the metric g; is symmetric of rank four it has ten
independent components thus we get ten conformal killing’s equations which solved to get the conformal killing vector
field. Lyra geometry has proposed a modification of Riemannian geometry by introducing a gauge function into the
structure less manifold that bears a close resemblance to Weyl’s geometry. The paper is organized as follows: In section II
we summarize some of the basic concepts of Lyra Geometry, which will be used though this work, Section 111 deals with
the model and evaluating solution of the conformal , homothetic and killing’ s equations in Riemannian geometry . In
section IV evaluating the solution of conformal killing’s equations , homothetic and killing’s equations in Lyra geometry
[3]-[6]

Problem statement and objectives:

Where studying some of the models of metric space times in the Lyra geometry it is difficult to get conformal, homothetic
and killing equations as well as to get solved. In this paper we calculate the equations in the ordinary method as well as
using a computer program and compare the results to be able to use computer programs in difficult models.

Methods:
In this paper we get conformal killing , homothetic and killing’s equations by using equation(IL.5),wherey(t,r,3,¢), v is

constante and zero respectively we solve the partial differential equations by separate variables and use Maple 17
program for getting the solution of the ten equations in each case. [7]

I1. THE VERSION OF MODEL AND CONFORMAL VECTOR FIELD IN LYRA’S GEOMETRY

An n-dimensional Lyra manifold M is a generalization to the Riemannian manifold For any point p € M we can define the
coordinate system {x"}]i_;. In addition to these coordinate there exist a gauge function x° = x°(x")}i-; which together
with {x"}]_; form a reference system transformation (x°,x")ji_;. In Lyra geometry the metric or the measure of length
of displacement vector ¢* = x°dx" between two points p(x*);-; and q(x* + dx")[i_; is given by absolute invariant
under both gauge function and coordinate system written as: [8]
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ds* = g,,x° dx*dx°dx¥ (1.1)
a
uv
transformation and it is given by

Where g, is a metric tensor as in Riemannian connection { } but also by a function ¢,,, which arises through gauge

a 1
{Ilv} = E‘g p(gPV:# + Ipuv — g#v,p) (“.2)
a
Ne = )7 ) 45 (5800 + 68y — 9uwd®) (11:3)
Where ¢ is called a displacement vector field and satisfies ¢* = g*" ¢, , we consider ¢ to be a timelike vector where
¢% =g“¢,, ¢, = (B(),0,0,0) (11.4)

Throughout the paper M will denote a 4-dimensional Lyra manifold with Lorentz metric g which is a generalization to the
4-dimensional Riemannian manifold [9]

As in Riemannian geometry , a global vector field ¢ = ¢*(t, 1,9, (p)flzo on M is called conformal vector field if the
following condition holds:

Lnguv = gpvvunp + gupvvnp = ngyv , Y(tr,9,0) (11.5)
where v is constant we get the homothetic equations, where i = 0 we get the killing equations, £ denote a Lie
derivatives and V is the covariant derivative such that:

1

VP =50,0° + Toal®
1

Vil = X_oaucp — pla

Where T}j; is a Lyra connection form given by (11.2) in equation (11.3).

(11.6)

I1l. CONFORMAL KILLING’S EQUATIONS AND THEIR SOLUTION IN RIEMANNIAN
GEOMETRY
ds? = dt? — dr? + sin?r(d9? + sin? 9d¢?) (1. 1)
Wherex® =tx! =r,x?=9,x*=¢
We get the nine non vanishing Christoffel symbols of second kind in Riemannian geometry from (11.2) as :

{191;9} = —sinr cosr , {(pr(p} = —sinr cosr sin?9 , {ﬁ(fp} = {(;pﬁ} = %,

ool = -smo coso {3} =15} = Lo} =L} =5 (n2)
We use equation (I1.5) to deduce the following system of the ten Conformal killing’s equations:[10]
%sinZﬁ(z +% sin*9sin2r {* + {3, = —2sin®r sin®9 Q(t, 7,9, ¢) (11.3)

3% + 2 sin2r {1 = =2sin’r Q(t,7,9, ) (111.4)

{r = —20(t,7,9,9) (I11.5)

{1 =2Q(t,1,9,0) (111.6)

{5+ 33— 2cotr? =0 (11.7)

{5 + 0% —2c0t93® = 0 (11.8)

{o+ {3 —2cotr{® =10 (111.9)
t+42=0 (111.10)
G+5=0 (1I1.11)

G+ =0 (111.12)
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Solve the ten conformal killing’s equations as a system with maple see appendix (1) we get:

Qt,r,9,¢) = %((—(c4c05(p + c,sing)sint + cost(czcosp + clsin<p))sim9 +

cosY(cscost — cgsint))sinr — % cosr(cosint — cgcost)

0= (((c4cos<p + c,sing)cost + sint(czcosp + clsin<p))sim9 + cos9(cssint + cecost)) sinr + cgcosrsint
+ cycosrcost + ¢

= (((—c4c05(p + ¢,sing)sint + cost(czcosp + clsin<p))cosr + ¢115ing + ¢i,co59)sind + cosdcosr(cscost
— cgSint) + cosinrsint — cgsinrcost + clocosﬁ)

1

1
2= Zm((ZwSZT — 2)tanrcosd (c14c05@ — c155in@)Vcos29 — 1 — ¢y, (cos2r — 1)cos(p — 9)

+ ¢1,(cos2r — 1V)sin(p — 9) + (cllcos(<p +9) — cqpsin(e + ﬁ))cosZr —cy1c08(p +9)
+ cypsin(@ + 9)

— 4sim95inrtanr((((c3 cost — ¢, sint)cos
+ sing (cosq)(clcost — c,sint))sin®r + (((c3cost — ¢ sint)cosr + 612)) cosQ
+ sing((c,cost — c,sint)cosr + c;1)) + cosrsinV

+ cosd ((cscost — cesint)sin®r + ((cscost — cgsint)cosr + clo)cosr) sind

+ (¢,sint — cgcost)cosp — sing(c,cost — czsint)))

1
3= yyp— ((2 = 2cos2r)tanr(cy3sind + cos9(c14Sing + ciscos@))Veos29 — 1+ ¢;,(cos2r — 1) cos(p — 9)

+ ¢y, (cos2r — 1) sin(p —9) + (—cy5 cos(@ +9) — ¢q; sin(p + 9))cos2r+c,, cos(@ + 9)
+ ¢y; sin(p +9) + 4sim9tanr((clcost — ¢ysint)cosg — (cgcost — c4sint)singa)sinr)

(111.13)
Where ¢;,i = 1,2, ... are integration constants
The conformal killing’s vector fields be
{=0%¢t+'or + %09 + g

Where we replace Q(t,r, 9, ¢) by a constant function we get the homothetic equations which solved by maple see
appendix (1)to get: [11],[12]
7% = 2yt + A(@), A(p): constant’s integration function
{* = tanr[kcie ™ (tan ) (c3—c,e?*?) — 29, k = Ve,
{% = (tanr) e ¥ (sinT)?(c3+c,e?*?)],
3= iB((p, t)(cos2r — 1)(cos29 — 1), (¢, t ):constant’s integration function

(111.14)
Where we replace Q(t,r,9, @) by zero we get the killing’s equations which solved with maple see appendix (1) to get:

{° =c¢;, {* = cyc089 + sind(czsing + c,cos)

1
(% = = [cos2r(—cscos@ — csSing) + sing(c,sin2r cosV + cg) — cysin2rsind]

2
= m{[qtanﬁ cos(p —I9) + cgtan? sin(p — 9) + tanrcos29(cscosp — cgsing + c;tand)] (cos2r — 1)}
(111.15)
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IV. CONFORMAL KILLING’S EQUATIONS AND THEIR SOLUTION IN LYRA’S GEOMETRY
Where T}, is a Lyra connection form given by (11.2) in equation (11.3) we get the non vanishing forty one connection as:
[13],[14]

t 1t pt t 1 t 1.t pt t 1
Ftt=¢t_§¢ v e = Frt=E¢tl Frr=E¢!Ft§=F§t=E¢t!

—sinr cosr

1 1

O = ¢r +50" T =T =2 ¢, Iy = +1 ~sin 2r T
1 1 1 1

T = =3¢ " Tor = It = 5 ¢, G = —Ed)a T =Tt =50

1
IS = —smzf)d)t, oo = sm rsin?9 @', Tf, = T =2 b

1 sinr cosr sin?9 1 . .
r _pr _— — 2 2
ro = Tor = 3 0r Tgp = ————— + 7 sin“rsin*9¢"

XO

1 1 cosr
—2hC TP — Zcin? o ¢ _1r? _ 2
2 $%, FBS 2 sin“r¢?®, F‘Pr Fr(p sinrx® = 2 q)‘p

Too = smimsa +-sin?rsin?9¢° , I} = icl)“’
e _ (p=cosf) ltb R =1¢
9 " gipgxe | 2 1@ @d T e T oW
Y =T = — 4 Ly, T = Zsinrd?®
sinrx 2 2

O = 20" gy = P+ sinr¢’
Top = o + isinzrsinzx‘)q)“’
1
Tge = T = 5 P (IV.1)
From equation (11.4) we get:

L PpI=——L (IV.2)

sin?r sin?9

¢0=.8 1¢1=_ﬂ1¢2=

sm2

We use equation (II.5) to deduce the following system of ten Conformal killing’s equations in Lyra Geometry :

B+ CBT + (27 + (20) 2 + (Ssin?rsin9) & = (4 1, 9, ¢) (v.3)
3+ GO0+ (27 =t 9,¢) (1V.4)
©+2BP = LT, 9, ¢) (IV.5)
&+ GRP=0(tr,9,¢) (IV.6)
sin®r sin®9¢} — 7%, = 0 (v.7)
sin®rsin®9¢% + Ty, = 0 (1v.8)
sin?rt — ¢ =0 (1IV.9)
sin’ri2 + 5 = 0 (1v.10)
sin?93% + 3%, = 0 (IV.12)
—tt=0 (IV.13)
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Solve the ten conformal killing’s equations as a system with maple see appendix (2)we get:
Qt,r,9,¢) = §C1 {0 =c, *=002=+x° [C4sin (%) — c3c0s (\/%)],

3 _ ®
{° = ¢, + cotand [c3sm (\/_) + c4c0S (\/_)] (Iv.14)
The conformal killing’s vector fields in Lyra Geometry are:
{ =c,0t + 00r +/x° [C4sin (%) - c3cos( )] a9 + {Cz + cotan¥ [c3sm (\/_) + c4cos( )]} dp (IV.15)
The solution of the homothetic’s equations by maple see appendix (2) is:

7 = %’ =00 = \/F[Qsin (io) — c,c0s (\/%)]

(2 omo (25 s (5]

The homothetic vector fields are:
_ (9 : @
{= 3 at + 00r +/x° [c3sm (\/x_) czcos( )] 89 + {c3sm (\/_) + cotan(9) [czsm (\/_) + c3cos (\/_)]} do
(IV.16)
The solution of the killing’s equations by maple see appendix (2) are:

°=0,71=0,0%=x° [c3sin (\/L_) — €,C08 (\/%)],
3= {cl + cotan(9) [czsm (\/(i_) + c3cos <\/(Z_°)]}

The killing vector fields are:

{ =00t + 00r +x° [c3sin (\/%) — c,c08 (%)] a9 — {cl + cotan(9) [czsm (\/_) + c3cos (\/(p_)]} @
(Iv.17)

Particular case: where c¢; = x° = 1, the conformal, homothetic and killing vector fields are respectively:

{ =0t + 00r + [sin(@) — cos(9)]09 + {1 + cotan(9)[sin(p) + cos(p)]}d¢

(= %(% + 00r + [sin(@) — cos(p)]09 + {sin(p) + cotan(I9)[sin(¢) + cos(p)]}d¢p

¢ =00t + 00r + [sin(p) — cos(@)]d9 — {1 + cotan(I9)[sin(@) + cos(p)]}dep (1V.18)
V. DISCUSSION

In this paper we get the ten conformal killing’s equations of Einstein Closed Static Universe metric in Riemann geometry
and in Lyra geometry by ordinary method and by Maplel7and solve it by Maplel7 program and get the conformal
vector field in the Riemann geometry and in Lyra geometry, as a special case in Lyra geometry where ¢; = x° = 1 and
getting the vectors .

VI. CONCLUSION

The components of conformal vector field in Riemannian geometry are so complicated than it in Lyra Geometry also
the homothetic and Killing vector fields since Lyra connections has the essential role to Simplify equations and simplify
their solution. Although the solutions of equations appear to be long, but if these solutions are compensated in any of their
equations, they will be achieved see Appendix(3). The solution may be simplified under specific conditions and specific
values of the given variables.

Vil. RECOMMENDATIONS

It can be study the same equations for Closed Static Universe metric in teleparallel gravity and using maple to get
conformal equations and its solution for more difficult models
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APPENDIX -1

> with(DifferentialGeometry) : with( Tensor) :

""Closed Static Universe)" ""Riemannian geometry "

> DGsetup([t,1, 9, @], M)

frame name: M

M > g:= valDG( dt &t dt - dr &t dr -sin® (r) - (d9 &t d9 + sin’ (9)do&t do))
g:=dtdt — drdr — sin(r)? dd dd — sin(r)? sin(9)% do do

> H:= InverseMetric(g)
1

H:=D tD t—D rD r— 3
sin(r)” sin(9)

D YD Y— D oD ¢

sin(r)?

M > 1 = Christoffel(g, "FirstKind")
C1 :=sin(r) cos(r) drd?d dJ + sin(r) sin(“))2 cos(r) drde de — sin(r) cos(r) dd dr dd
—sin(r) cos(r) dv dv dr + sin(r)2 sin(9) cos(9) dd do de — sin(r) sin(S)2 cos(r) do drde
(r)”sin(9) cos(9) do dd do — sin(r) sin({‘))2 cos(r) dodo dr
(r)” sin

—sin(r) 9
(9) cos(9) do do dd

2
— sin r)2

M > 2 = Christoffel(g, "SecondKind")

C2:= -sin(r) cos(r) D_rdd dd — sin(r) sin(9)% cos(r) D_rde do + % D_9 drd

cos( )
() Dedrde + oo

+ (1) 1y 9 @9 dr — sin(9) cos(9) D do dop + 2

sin(r) sin

cos(r) cos( )
)

L) p gdpar+ <220
tsinn P2 At G

D ¢ ddde

D @dody

M > for_eqinsysIdo_eq end do;
: (i_Fs(t, ', 8,([))) sin(r) —2cos(r) _F3(4,r, 9, @) + (i_m(t,r, 9, (p))sin(r)

or 09 —0

2 sin(r)
(i_Fs(t, "9, <p)) sin(9) + (i_mt, "9, (p)) sin(9) —2cos(9) _Fé(4,r, 9, @)

1 1dg 9 =0
2 sin(9)

0 . 0 .
. (E_F4(t, r 9, ¢)) sin(r) —2cos(r) _F4(t,r, 9, @) + (%_qu, "9, q))) sin(r)
2 sin(r) -0
sin(r) cos(r) _F2(t,r, 9, ¢) + %_Fﬂt, nY, @)=-2 sin(r)2 Q(tr, 9, ¢)
19 19 B
5 E_FZ(t, rnY, )+ > E_Fl(t, Y, 0)=0
1 0 1 0
7 E_F.?(I, r,9, go) + ? E_Fl(t’ r9, (|)) =0
19 1 0 ~
7 E_F4(t’ r9, ¢)+ ? %_Fl(t, rnd ¢)=0

sin(9) cos(9) _F3(t,r, 9, @) —sin(r) cos(r) cos(S)Z_FZ(t, 9, @) +sin(r) cos(r) _F2(t,r, 9, @)

+ %_Hl(t, r 9, @) =-2sin(r)?sin(9)2Q(4, r, 9, @)

%_Fl(t, Y, 0)=2Q(t,r, 9, @)
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i_FZ(ts r, 9, (P) = _zg(t, r 9, (P)
or
M >pdsolve(sysl)

% ((-(cos(@)_C4+sin(@p) _C2) sin(z) + cos(z) (cos(p) _C3

{Q(t, "9, @)=
+sin(@) _CI)) sin(9) + cos(9) (_C5cos(t) —_C6sin(z))) sin(r) — % cos(r) (_C9sin(?)
—_C8cos(t)),_FI(t,r, 9, @) = (((cos(@)_C4+ sin(@) _C2) cos(z) + sin(z) (cos(p)_C3
+ sin(@) _CI)) sin(9) + cos(9) (_C5sin(f) +_C6cos(r))) sin(r) + sin(z) cos(r) _C8
+ cos () cos(r) _C9+_C7,_F2(t,r, 9, @) = (( - (cos(p) _C4+ sin(p) _C2) sin(z)

+ cos(z) (cos(p) _C3 +sin(@)_C1)) cos(r) +_CI11sin(¢p) +_CI2cos(®)) sin(9)

+ cos(9) (_C5cos(t) —_C6sin(t)) cos(r) + sin(z) sin(r) _C9 — cos(t) sin(r) _C8

1

1
4 tan(r) sin(9) cos(9) (2 tan(r) cos(9) (_C14 cos(o)

+ Cl10cos(9), F3(t,r, 9, @)=

— _CI15sin(@)) (-1+cos(2r))/ -1+cos(29) — _CII(-1+cos(2r)) cos(@ —9) +_CI2 (
-1+cos(2r)) sin(@ —9) + (_CIIcos(@ +9) —_CI2sin(@ +9)) cos(2r) —_CIIcos(¢p + 9)
+_CI12sin(@ +9) —4sin(r) ((((_C3cos(tr) —_C4sin(z)) cos( @) + sin(@) (cos(z) _CI
—_C2sin(r))) sin(r)? + (((_C3cos(r) —_C4sin(z)) cos(r) +_CI2) cos(®)

+ sin( @) ((cos(z) _CI —_C2sin(z)) cos(r) +_CI1)) cos(r)) sin(9)% + ((_C5 cos()

— _C6sin(r)) sin(r)? + ((_C5cos(t) —_C6sin(z)) cos(r) +_CI0) cos(r)) cos(9) sin(9) + (

- C3cos(t) +_C4sin(z)) cos(¢) — sin(@) (cos(t) _CI — C2sin(z))) sin(9) tan(r)), F4(t, r,

9, 0) = % ﬁ( -2tan(r) (_CI3sin(9) + cos(9) (_CI4sin(@) +_CI5cos(p))) (-1

+cos(2r))/ -1+cos(29) +_CI2(-1+cos(2r)) cos(@ —9) +_CI11(-1+cos(2r)) sin(¢
—9) + (-_CI12cos(@ +9) —_ClIsin(p +9)) cos(2r) +_Cl12cos(ep +9) +_CI1Isin(o
+9) +4 ((cos(z) _CI —_C2sin(z)) cos(p) — (_C3cos(1)

—_C4sin(7)) sin( @) ) tan(r) sin(9) sin(r) )}

M > for_eginsys2do_eq end do; "Homothetic equations in Riemannian geometry"
) (%_Fz(t, rn9, o) ) sin(r) + (ai_Fs(t, rn9, ) ) sin(r) —2cos(r) _F3(t,r, 9, @)
r
= =0
2 sin(r)
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~2cos(9)_Fd(t,r, 9, ) + (i_th(t, r 9, @) ) sin(9) + (i_Fj'(t, r 9, @) ) sin(9)

1 09 e -0
sin(9)
i) . i) .
1 (%_FZ(@ r, 9, (p)) sin(r) + (E_F4(t, r, 9, (p)J sin(r) —2cos(r) _F4(t,r, 9, @)
2 sin(r) =0
. o . 2
cos(r) sin(r) _F2(t,r, 9, @) + E_Fj'(t, r, 9, @) =-2wysin(r)
1 0 1 0 _
> o _F2(t,r, 9, @) + > or _FI(t,r, 9, @) =0
1 0 1 0 _
75_1’3(1,?,3,(]))+7¥_F1(t,r,3, ®)=0
1 0 1 0 _
75_F4(t,r,9,<|))—l—?%_Fl(t,r,S,(p)—O

sin(9) cos(9) _F3(t,r, 9, ¢) — cos(S)z_FZ(t, r, 9, @) sin(r) cos(r) + cos(r) sin(r) _F2(t,r, 9, @)

+ %_Fﬂé r 9, @) =-2ysin(r)?sin(9)>

0
E_Fl(t, r, 9, Q) =2y
0

__Fz(tar’sa (P) =_2‘|’
or

pdsolve( [ el, e2, e3, ed, €5, e6, €9])

_FI(t,r, 9, @) =2yt+_F5(¢), F2(t,r, 9, @) = 1 /_9 ( [_c, _CI* (cos(r)

1

cos(r) sin(r) €

c

2
—1) (cos(r) +1) (_cz (e‘/ ~1 Sj —_C3j (MJ 1 —2ysin(r) el 1 9],_F3(t, "9,

cos(r)

c

. ¢ 2
[MJ I_CIZ (cos(r) —1) (cos(r) +1) (_CZ (e“ 1 3) +_C3j

cos(r)

Q) =-
S

’_F4(t9 r’ 99 <p)

1

T_F6(t, ®) (-1+cos(29)) (-1+cos(2r))

M > for_eginsys3do_eq end do; Killing equations in Riemannian geometry"

(%_qu, r 9, (p)) sin(r) + (%_F_?(t, r 9, (p)) sin(r) —2cos(r) _F3(4,r, 9, @)

1 _

2 sin(r) =0
) . ) .

| -2cos(9)_FA(5r, 9, @) + (E_Fﬂt, r 9, ¢) ) sin(9) + (%_F_?(t, r 9, 0) ) sin(9)

2 sin(9) -0

. (%_FZ(t, r, 9, (p)) sin(r) + (%_Fﬂt, r, 9, (p)) sin(r) —2cos(r) _F4(t,r, 9, @)

2 sin(r) =0
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F3(t,r, 9, ) =0

[}
=]
17

() sin(r) _F2(6,1, 9, @) + -5 _

1 9 1 d
7 E_FZ(t, r9, ) + 7 E_Fl(t’ r9, ¢)=0
1 0 1 0 _
7 E_F‘?(t, r9, ) + 7 E_Fl(t’ rn9, ¢)=0
1 0 1 0 _
7 E_F{.((t’ r9, ¢) + 7 %_Fl(t, rn9, ¢)=0
sin(9) cos(9) _F3(t,r, 9, @) — cos(S)z_FZ(t, r, 9, @) sin(r) cos(r) + cos(r) sin(r) _F2(t,r, 9, @)
9 -

+ o0 _F4(t,r, 9, @) =0
S Firn9 ) =0
at_ e 2 ,(P
0
— F2(4,r,9,09)=0
or

> pdsolve(sys3)

_FI(,r,9, ¢)=_CIl,_F2(t,r, 9, @) = (_C3sin(¢) +cos(p)_C4) sin(¥) +_C2cos(9%),_F3(t,r, 9,
P) =% (-_Cé6cos(@) —_C5sin()) cos(2r) +% (2cos(9) _C4cos(r) sin(r) +_C6) cos( )

+ % (2cos(d)_C3cos(r) sin(r) +_C5) sin(p) —sin(r) cos(r) sin(3) _C2, F4(t, r, 3, @)

1

—tan(r) tan(9) ((cos(@ —9) tan(9) _C4+sin(@ — 9) tan(9) _C3 + tan(r) (_C5cos( o)

APPENDIX -2

M > for_eqinsysI do_eq enddo;lyra

0 o2, 0 _
[g_Fs(t,r, 9,<p)j sin(r)? + & _F2(6,1,9, ¢) =0

0 0
35 _F3r,9,0) +

39 _F4(5r, 9, (p)) sin(9)2=0

P
0 F4(t,r, 9 )) in(r)?si (9)2+i F2(t,r, 9, ¢)=0
[Br— L, ¥y I, @) | sin(r)” sin 3o — L, 1y O, @

cos(r) F2(tr, 9, @) i 1 _
asin(r) +t 39 B @End )+ B_FI1(tr9, ¢)=Q(tr 9, ¢)

d 0
o F1(ar0.0) (5 _F2(en.9,9) | =0

sin(r)? (%_Fs(t,r, 8,([))) — (%_Fl(t, r9, q))) =0

sin(r)?sin(9)2 [%_Fﬂt, r, 9,(p)) — (%_Fl(t, r, 9,(p)) =0

cos(9) F3(t,r, 9, @) cos(r) F2(t,r,9, @)
asin(9) asin(r)

=Q(,n 9, 0)

1 R}
+5 B_FI(tnr 9 @) + %0 _F4(t, 1,9, 0)
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ot

0 1
— _F2(t,r,9,0) + ? B_Fl(t’r999 ?)

or —
M > pdsolve(sysl)

Q(tr 9, 0)

d
~ _FI(r,9,9) + 5 B_FI(4r, 9, )

=2 B_CL_FI(41,9, )

=Q(t’ r 9’ (P)

=Q(41, 9, 9)

=_CI,_F2(t,r,9,¢)=0,_F3(5,r,9,9)

+

= [_C4sin[ \/(% ] —_C3COS( \/(P; j) \/79_F4(t9 ry 99 (P) =_C2
cos(9) [_C3sin[ \/(% ] +_C4cos[ \/q% J]
sin(9)

> for_eqinsys2do_eq enddo; "Homothetic equations in Lyra Geometry"

[ (6 9, @) | sin(r)’

0
[5_F4(E’a93¢

cos(r) F2(¢,r,9, @)
asin(r)

)] sin(r)zsin(s))2+i

L2
09 —

0
+ FTY _F2(tr, 9 0)=0

0 . 2 _
a(p (t,r,s,cp)+(69 _FH(5r,9, @) ) sin(9)2=0

R _F2(tr,9,¢)=0

F3(4r, 9, 9) + 5 B_FI(61, 9 0) =y

%_Fl(t’r’sy (P) - [i_FZ(t,r,S,(p)J =0

ot

ot

sin(r)? (i_F_?(t, r, 3,(p)j — (a% _FI(t,r, 9,(p)j =0

sin(r)?sin(9)2 [i _F4(t,r, 9, ¢

ot
cos(9) _F3(4nr 9, @)

cos(r) F2(4r,9, ¢)

)]_(%—F’(””&w))%

asin(9)

)

or —

or
M > pdsolve(sys2)

2y

Fi(t,r, 9, ¢) =T,_F2(t, "9, )

1 0
+ 2 B_Fl(t?r’sa(p) + aq) _F4(t’r79’<p) _\IJ

asin(r)

FI(t,r,9, ) + % B_FI(t,r,9, 0)=vy

d 1
— _F2(,r,9,¢) + 2> B_FI(tr,9 ¢)=vy

=0’_F3(t3rs 99 (P) = (_C.?sin(

+

—_CZCOS(\/(% )Jﬁ,_F4(t,r,9,(p)=_C1
. )
9 c2 c3
cos( )[_ sm[ > ]+_ cos[ﬁ J]
sin(9)
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for_eqinsys3do_eq enddo;

[ t,r,w)jsnn() o _F2(41,9,¢) =0

d
% F3(57,9,9) + (55 _F4(57,9, 0) | sin(9)? =0

R} 0
[a—_m(t r9, (p)] sin(r)?sin(9)2 + %_FZ(t, rn9,¢)=0

cos(r) F2(tr, 9, @) 0

1
2 sin(r) + 39 -BEnd o)+ B_FI(tr 9, ¢)=

0 I
— _FI(Lr9,9) [a—t_n(t,r, 9,<p>] ~0

sin(r) (E% F3(t,r,9 0 ))—(%_Fl(t,r,\‘},(p))=0

ot

cos(9) _F3(tr 9, ¢) 4 cos(r) F2(t1 3, @)
asin(9) asin(r)

sin(r)?sin(9)2 [i F4(t,r, 9, (p)J — (%_Fl(t, r 9,<p)j =0

1 0
+ 2 B_Fl(t!r,sa(p)—i_ a(p _F4(t,r,8,(p)—
FI(tr,9, 0) + % B_FI(tr,9 ¢)=0

L
or —
G}
o 2% 0) +—B FI(tr 9, ¢)=
M

> pdsolve(sys3)

Fl(t,r,s,q:)=0,_F2(t,r,s,q>)=0,_F3(t,r,9,q>)=—(_62cos( @

- (3 sin[

[0}
Ja, F4(t,r,9,¢)=_CI
=)

a

cos(9) [—C”i“[ f? ] +‘C3cos[ J% jj

sin(9)

+

APPENDIX -3
M > "Conformal equations in Reminnian Geometry"

) )
M > L.H.SIII.5=¥_F2(t, "9, Q) = E((—(cos(<p)_C4+sin((p) C2) sin(1)

+ cos(?) (cos(@) _C3 +sin(¢) _CI)) cos(r) +_Cl1sin(@) +_CI2cos(®)) sin(9)
+cos(9) (_C5cos(t) — _C6sin(¢)) cos(r) + sin(r) sin(f) _C9 — sin(r) cos(t) _C8
+_Cl10cos(9)

-(~(cos(@) _C4+sin(¢) _C2)sin(¢) + cos(z) (cos(¢@) _C3+sin(¢) CI)) sin(r) sin(3)
+cos(d) (_C5cos(t) — _C6sin(t)) cos(r) + sin(r) sin(#) _C9 — sin(r) cos(t) _C8
+_Cl0cos(9)
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M > RHS=-2Q(t,r9, @) :=—2-% ((=(cos(@) _C4+sin(¢) _C2) sin(z) + cos(z) (cos(¢)_ C3

+sin(@)_CI)) sin(9) + cos(9) (_C5cos(t) — _C6sin(t))) sin(r) — % cos(r) (_CYsin(r)
— _C8cos(?))

~((-(cos(@)_C4 +sin(¢p) _C2) sin(z) + cos(?) (cos(@)_C3 +sin(¢) _CI)) sin(9)

+ cos(9J) (_C5cos(t) —_C6sin(?))) sin(r) — % cos(r) (_C9sin(t) — _C8cos(t))

M > "Conformal equations in Lyra Geometry"

d G}
M > RHSIVIO = (E_F3(t, " 9,([))] sin(r)z—l—W_FZ(t, "9, Q)

0 . 2 0
IVIO.—( or _F3(t 1,9, (p)) sin(r)” + 39 _F2(t 1,9, 0)

M > RHSIVIO = sin(r)Z% (0) + %_CI

M > ILHS=0

M > RHSIVZ = S080) _F2(619, @)

0 1
t 39 -B36nd )+ 5 B_Fl(1r,9, ¢)

asin(r) 09
_cos(r) F2(4,r,9,0) 0 1 _
1v3:= asin(r) + 09 _F3(t,l‘,9, (P) + 2 B_Fl(tﬂr995 (P)—Q(t,l‘,\(), (P)
M
M > gasnz—=200 9 [ — C3eos[| 2|+ LB
" asin(r) 09 |- a - Ja 2 T
1
2 B_C1
M > RHS— Q(t,r,S,(p)=%B_CI
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