UNDER PEER REVI EW

0N O > w \}

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Original research paper

RIEMANNIAN ACCELERATION IN CARTESIAN
COORDINATE BASED UPON THE GOLDEN
METRIC TENSOR

ABSTRACT

Geometric quantities in all orthogonal curvilinear co-ordinates are built upon Euclidean
geometry .This geometry is founded on a well known metric tensor called the Euclidean
metric tensor. Riemannian geometry which is assumed to be more general than the
Euclidean geometry was founded on an unknown metric tensor for spacetimes in
gravitational fields. Therefore the Riemannian geometry itself could not be opened up for
exploration and exploitation, let alone the possible application to theoretical physics. But with
the discovery of a general Riemannian metric tensor called the golden metric tensor,
exploitation of Riemannian geometry is now possible. we are in a position to calculate all the
theoretical predictions of Riemann’s geometrical and physical concepts and principles and
compare them with experimental physical evidence. In this paper, we use the golden metric
tensor to develop Riemannian acceleration in the Cartesian coordinate for application in
theoretical physics and other related fields.

Keywords: Riemannaian geometry, golden metric tensor, Riemannain acceleration,
Cartesian coordinate

1. INTRODUCTION

Right from 1854, when the German mathematician, George Riemann published his
geometry for spacetime known as Riemann geometry, it was assumed to be more general
than the Euclidean geometry. It is generally accepted that Riemannian geometry has the
potential of providing a more general foundation for theoretical physics [1]. However, the
problem with the Riemannian geomentry is that it was not founded on a known metric tensor
therefore its exploitation and possible applications to theoretical physics eluded the world.
Riemann during his own time (1816-1866) could not find the metric tensor(s) implicit in his
geometry. Riemann therefore left behind the problem of finding the metric tensors for all
gravitational field. Einstein tried to solve this problem in his contribution to classical
mechanics: Einstein’s Geometrical Gravitational Field Equations [1]. It has since been
believed that Einstein’s Geometrical Gravitational Field Equations could lead to the
construction of the metric tensors for all gravitational fields in nature. In 1916, Karl
Schwarzschild introduced a metric tensor for all the gravitational field due to static
homogeneous spherical distribution of mass. This metric tensor was called Schwarzschild’s
metric tensor. This metric tensor has been the basis for the development of Einstein’s
Geometrical Theory of classical mechanics in the Gravitational field known as General
Relativity. In spite of the great fame since 1915, Einstein’s Geometrical Gravitational Field
Equations cannot be applied to generate any natural metric tensor for the gravitational fields
due to any distribution of mass in nature. These equations have to be abandoned and
confined to archives of history in the search for metric tensors for the gravitational fields in
nature.
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It is interesting to know that a metric tensor called the golden metric tensor for all
gravitational fields in nature has been developed [1]. This metric tensor is valid for all four
co-ordinates of spacetime and in all the regular geometries in nature and for all regular

distributions of mass. In the limit of FD, it reduces to the well known Euclidean metric tensor
for all spacetimes in gravitational fields in nature, in perfect agreement with the principle of
equivalence of mathematics and the principle of equivalence of physics. We are in a position
to calculate all the theoretical predictions of Riemann’s geometrical and physical concepts
and principles and compare them with experimental physical evidence. In this paper, we use
the golden metric tensor to develop Riemannian acceleration in the coordinate for
application in theoretical physics and other related fields

2. THEORY

V]
The spherical polar coordinate (r,,#+* ) are defined in terms of the Cartesian coordinates
0
(x.y,z,* ) by [2, 3]

x = rsinfcosp (1)
¥ = rsinfsing )
Z = Trcosg (3)
Where
r=(x2+y> +2%): (4)
g = cos'l{—z -;}

(xX4+y2+z2)2 (5)
@ = tan"! G} ©)

The Golden Metrix tensor for all gravitational fields in nature is given in the spherical polar
o
coordinates (r,,%:* ") as [3]

Ju = (1+::f]_1 (7)
7 2 7L
Gap =T (1+E_zf) (8)
, -1
g3 = rsin’ @ (1 + :—,,f] (9)
Euu:_(l‘f%fj (10)
Guy = 0; otherwise (11)

Now we have to transform this metric tensor into the cartesian coordinate system using the
well known transformation relation in the theory of vector and tensor analysis given as [3];
- ax7 ax°

Hae = 525 Yas (12)
Applying the transformation relation given by (12), the metric tensor for all gravitational fields
in the Cartesian coordinates are

. y-1
11 :(1+éfj (13)

R
9 = (1+57) (14)
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95 = (1+5/) (15)
Q’W:_(“rﬁf] (16)
Gy = 0; otherwise (17)

Therefore, the contravariant tensor of the metrc tensor is given as;
gt =(1+57)
o = (1+57)

33 _ 2
g (1 t=f ] (20)

" -1

o — _ =
g = (1+szfj (21)
9, = 0; otherwise

Also from our knowledge of vector and tensor analysis, the Riemannain linear velocity is
given by

(18)

(19)

(Ug),e = (Hau?ii'} (22)
(Uij = (9’11)?3;5 (23)
(UR]_}- = (E::j;j’z
(24)

(Ug), = (Eaaj;i’a (25)
And explicitly, taking x°=ct Wwe can express this velocity as

(UR]ID = —C ( 1 + :_E"f)z E (26)
[”ij=(1+ﬁf] ?i (27)
(Un)y = (1+57) 51” (28)
Wa), = (1+5f) “2 (29)

2.1 THE GOLDEN RIEMANNIAN LINEAR ACCELERATION TENSOR.

We want to recall the definition of the linear acceleration tensor for all gravitational fields in
nature and show how to express them in terms of the Golden metric tensor in the Cartesian
coordinate. According to the theory of tensor analysis the linear acceleration tensor in 4-

dimensional spacetime, %=, is given in all gravitational fields and all orthogonal curvilinear
. 73
coordinates £~ by
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at = 4 4[5 2958

(30)
L
Where Mag are the Christoffel symbols of the second kind pseudo tensor and a dot denotes

one differentiation with respect to proper time 7. This quantity is called the Riemannain linear
acceleration tensor in all 4 dimensions in orthogonal curvilinear coordinates and all
gLavitationaI fields based upon the golden metric tensor for all gravitational fields in nature.
Mas is defined in all gravitational fields and all orthogonal curvilinear coordinates as

1 c ]
rﬁ,ﬁ' = ;Q'u- {Qn‘s_ﬁ' + Gepe — Bap.eh (31)

Where 8z: is the metric tensor and a comma denotes one partial differentiation with respect
to the Cartesian coordinate. Thus, the non-zero terms are given by
1
rgn = ;EDD{EDD_D + Sooo — Enn_n} (32)
1
rgn = ;E‘DDHDD_D

=5(+d0) 10

(33)
1
rgl = ;EM{EDD_L + Go10 — Em._n} (34)
—1 oo
& oo
1 :
_?{1+f_=f) fi1 (35)
rgi = rEn
1
M = ;EDD{SDD.I + goz0 — Gozo) (36)
1
= EQDDQDD_
1 : a7t
¢ (1+r:f) f.2 (37)
rE: = lsn
Moz = ;EDD{SDD.E + goz0 — Gozo) (38)
1
= EEDDEnn_i
iy 2
c (1+r:f) fi3 (39)
rgg = rEn
1
FE: = ?EDD{ED:_: + Gpzz — E::_n} (40)
1
=-38" 8120
—_ iy 2
- r:(l-l_f:f) f.l[l (41)
1
= o (Go1.1 + 8011 — 812.0) (42)
1
= _Eﬂmﬂn_n
— _if1irf)7
__r:(l+r:‘f) f.0 (43)
e = EEDD{QM_! + Go2z — G2z2.0) (44)
1
= _EHDDH!!_D
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=-5(+30) 10

1 1
rnn = ;QH{QDL_D + G100 — SDD_L}

1

= __Suéi‘nn_i
i 2
=;é+;ﬂﬁ1

1

2
1

= _Egugn_i
1 z 4t
=-z(1+31) 11

1
M= gt (112 + 8220 — gi22)

1
= Eé‘ngn_z

=-5(+30) 12

1

2
1

= Eé‘ngn_a
1 z 4t
=-a(t+as) 1

1
Mo = sa (110 + 8100 — G101

1
= 55‘11811_[:

=-5(+30) 0

1
M= ;Q'n{gu_: + 9122 — G2 2)

1
= _5911922_1

=5(1+37) 11

1
r;a = ;Qu{gu_a + B33 — B _1]

1
= _5911955_1

=5(+d0) 1

ri 1
rnn = ;QM{QED_D + G200 — Snn_z}

1
= _Eé‘”é‘nn_z

=z(1+57)r2

ri 1
rn = ;QM {921_2 + 8212 — 911_2:}

1
_ . 232
29 f11.2

=5(+37) " 12

1
M, = _E‘n {811_1 + G111 — 911_1}

1
.= _E‘n {Sn_a + G131 — 915_1}

(48)
(49)



UNDER PEER REVI EW

171

172

173
174

175

176
177

178

179
180

181

182
183
184

185
186
187

188

189
190

191
192
193

194
195
196

197
198
199

ri 1
ru = ;QM {921_2 + G221 — 912_2:}

1
N -
25‘ Sz

~Sie2) 77

i

Fi
M. = ;QM{QM_; + G222 — 925_2}

1

Fi
M. = ;QM{QM_: + G222 — 922_2}

1
= 55‘22822_2

=-5(+30) 12

1

M= ;Ei‘”{éi‘za_a + 8232 — G22.2)

1
= _EQ”QH_:

=5(1+37) 12

1
e = ;Qgg{gsn_n + 9200 — Goo2)

1
= _ES‘HSDD_Q

=z(t+51)r3

1
= g% (a1 + 8201 — 0112)

1
= _5955911_5

=5(+ds) 1

1

r:: = ;EH{QH_: + Bazz — sz_a]

1
= _59”922_;
i

=;@+§ﬂﬂﬁ3

1
rga = ;QH{QH_; + gazz — Sag_a}

2 1
M. = ;QH{QH_; + Gazz — Szg_a}

1

s

;Sgg{gﬂﬂ.l + 212 — Ga13)
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200 29 9=s

—i(l +2 f) £l
201 ] c? . (81)
202 I : 38 Wz + Fapz — E!D_z} (81)

:_E"Ezz ]
2 2 :

03 =_L(]_.|_if)_lf 0
204 ) le c2 ' (82)
205 rnzlz ;E“{S: 0z * G20 — Guza) (83)
206 29 9=
1

207 _r_(l+ f) f.0 (84)
208

209 Hence, applying (32)-(84) in (31) we obtain the golden Riemannain acceleration vector in the
210 Cartesian coordlnate as

211 I:?In- =X +|_ Sx x
212 (85)
-1

- f°+cl:(1 +§:f] Fo0)?

213
2 2 7
214 +F(1 +f) ot
-1
215 +5(1+) R
2 2 a7
216 +F(1 + c_:‘fJ f_::fnz'
2
217 ~(1+5) Sal&
2
218 _(1+c_:‘fJ RENN
219 _(1 + :_:f) f-'-‘{z;:]‘ (86)
220

p21 g = & 4T p%F

500 =i+ gl(i + g—zzf]_{lif'-‘]‘

993 —%(1 +c—;:fj _lfn.fnx

pos ‘?7 (1+ ?7 ) s

pos —%(1 +§f}_lf i

226 _%Cl ¥ éf)_lf-!ﬁ

227 (1 5r) 07

228 50+ 30) 7 ey &

229
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230 ﬂé = f? +F§3x'“jc'9
2 ]
231 =y +—(1+F{Jf~{x3
, o=
. +=(1+51) R0
2 2 47t
233 ~ltezr) £
2 2 AT
234 (o) g
1 2 47t
——\1+=f) f.0F
235 cl( : ]_1
236 = (1 + r_l-f) f2@) (88)
237
03g @ =4 +lga®if
1 2 )
039 :f+ﬂ—:(1+ﬂ—:f)f!(i°]‘
1 2 537t )
240 +F(l +Ff] f=(2)*
1 2 37t )
241 +F(1‘ +5f) £
1 2 47t i
242 _F(l +|:'_:‘f) f2(2)°
2 2 37t
243 _F(l +Ff) fay?
3(1 2 ]_1 y
244 _C.:! +f:f_1 fliz
245 (1 +351) forc (89)
246
247
248
249 2.2 THE GOLDEN RIEMANNIAN LINEAR ACCELERATION VECTOR
250

251 The golden Riemannian linear acceleration tensor have corresponding Riemannian linear
252  acceleration vector given as

253 (ag), = (g..)ia} (90)
254 {Q'R:]_].' = (g )20y (91)
255 (ap), = (gss)7a2 (92)
256 {ﬂ;:]_-ru = {HDD:]EQ'BD' (93)

257  Given x" = ct we express the golden Riemannian acceleration vector as follows;

258

259 (ag), = (1 +;—:f)_%+{1+éf)%f,l{ﬂ:
260 (14 3F) 7 font
261 ~2(1 +:—:f]_§f,1(ﬂ=

262 —2(1+LF) 7 fany
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—Z(1+ zf) | Fax2
—(1+3f)° f(ﬂ‘
~1(1 iz) f,llfz"]:!

{uR]J.:(1+C%f)_E}+(1+ f) Fp (B
+i(1+dp) £l
2+ 2ty
21+ 21) a2
(42
+=(1 +j—zf)'§f=m=

{E.R]3=(1+C%f)_%i‘+(l +%f)%f5{£]=
+=(1 -I—j—zfj_%fg{ﬂ:!
+5(1 -I—;—zfj_ffg(j']z
—(1+57)
2+ 20)
—§@+§ﬂ7ﬂﬁ
it +4:—zzf)_§fpfé

|
Ll
—_ e
'."\.
3
CL
Nll-
‘|-|h
L=}
1)
o

1+£ij fD(yP
(1+ ) a0

(96)
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3. RESULTS AND DISCUSSION

Equations (26), (27), (28) and (29) are the Riemannian velocity in the cartesian coordinate
system using the golden metric tensor while (94), (95), (96) and (97) are the Riemannian
acceleration in the cartesian coordinate using the golden metric tensor. These results are
mathematically most elegant, physically most natural and satisfactory for describing the
motion of particles of nonzero rest masses and its consequences in the cartesian coordinate.
They also correspond to a generalization of the equations of motion and all the
foundamental quantities in the cartesian coordinate

4. CONCLUSION

It is most interesting and instructive to note that the Riemannian velocity and Riemannian
acceleration obtained reduces, in the limit of c® to the pure Euclidean results and otherwise
contain post Euclidean corrections of all orders of ¢,
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