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ABSTRACT 
 

The golden metric tensor completes Euclidean geometry. Since geometry is the foundation of 
theoretical physics, it implies that our discovery of the golden metric paves way for redefining 
almost everything in theoretical physics. In this paper, we show how to express the Riemannian 
curvature tensor in terms of the golden metric tensor for all gravitational fields in nature in the 
cartesian coordinate. These results which are mathematically most elegant, physically most natural 
and satisfactory are further used to derive the Riemannian curvature scalar and ricci curvature 
tensor in the cartesian coordinate. 
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1. INTRODUCTION  
 
In the theory of tensor analysis, the Riemannian curvature tensor �����  is defined as [1]: 
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These are formulae for the independent 
components of the Riemann curvature tensor in 
all orthogonal curvilinear coordinates, and for all 
metric tensors. In this paper, we apply these 
formulae to derive the Riemann curvature tensor 
in the cartesian coordinate using the golden 
metric tensor. We also demonstrate how to use 
the Riemann curvature tensor in the cartesian 

coordinate to generate the hitherto unknown but 
mathematically most elegant, physically most 
natural Riemannian curvature scalar and ricci 
curvature tensor in the cartesian coordinate. it is 
imperative to say that a comma indicate a partial 
differentiation with respect to the unit vector. 
Thus (1, 2, 3, 0) denotes partial differentiation 
with respect to (x, y, z, ct). 
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2. THEORY 
 
The relationship between the spherical polar 
coordinates (r, � ,  �  �� ) and the Cartesian 
coordinates (x, y, z, ��) are given by [2].  
 � = ���������          (42) 

 � = ���������          (43) 
 � = �����           (44) 

 
Where (x, y, z, ��) have their usual meanings. 
   
The Golden Metric tensor for all gravitational 
fields in nature is given in the spherical polar 

coordinates (r, �, � ��) as [1]. 
 ��=ct           (45) 

 

� = �1 + �
!" #$%

          (46) 
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!" #$%
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��� = ������� �1 + �
!" #$%
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!" #$          (49) 

 �&' = 0;   �)ℎ+�,��+          (50) 
 

This metric tensor will have to be transformed 
into the cartesian coordinate using the 
transformation relation [3]; 
 

�-.//// = 012
01̅2

014
01̅4 �-.          (51) 

 
Hence the golden metric tensor in the cartesian 
coordinates are expressed as: 
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                      (52) 
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Therefore, the contravariant tensor of the metric 
tensor is given as; 
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 �&6 = 0; �)ℎ+�,��+ 
 
2.1 Golden Riemann Curvature Tensor in 

Cartesian Coordinate 
 
Based upon the golden metric tensor for all 
gravitational fields in nature, the components of 
the christoffel symbols of the second kind pseudo 
tensor are well known [4]. Therefore the 
independent components of the Riemann 
curvature tensor (1) to (41) are given in terms of 
the gravitational scalar potential and the 
Cartesian coordinate of space time as follows: 
 ����� ≡ 0                                   (61) 
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��� = 7 
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!" �1 + �

!" #$% #,�8,� + 
!; �1 + �
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���� = 7 
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!; �1 + �
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!" �1 + �
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!; �1 + �
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2.2 Golden Ricci Curvature Tensor  
 
Our aim here is to recall the definition of the Ricci 
curvature tensor from the theory of tensor 
analysis and demonstrate how to express it in 
terms of the golden metric tensor for all 
gravitational fields in nature in the Cartesian 
coordinate. 
 
The Ricci curvature tensor in 4-dimensional 
space-time, �µ'  is defined in all gravitational 
fields and all orthogonal curvilinear coordinates �� by 
 �µ' =  �µ'

                                                (88) 

 
And explicitly as  
 �µ' = �µ' + �µ'�� + �µ'�� + �µ'��                 (89) 
 �µ'

  is the Riemann's curvature tensor. This can 
be used for the expression of the Riemannian 
linear acceleration vector in all 4-dimensions in 
all orthogonal curvilinear coordinates and 

gravitational fields, based upon the golden metric 
tensor for all gravitational fields. 
 
2.3 Ricci Curvature Tensor in Cartesian 

Coordinate 
 
Given the general definition of the Ricci curvature 
tensor for all gravitational fields and all 
orthogonal curvilinear coordinates. We can now 
conveniently express the components of the 
Ricci curvature tensor based upon the golden 
metric tensor in Cartesian coordinate as follows: 
 ��� = ����� + ��� + ����� + �����                (90) 

 � = ��� + � + ��� + ���                 (91) 
 ��� = ����� + ��� + ����� + �����                (92) 
 ��� = ����� + ��� + ����� + �����                (93) 

 
It should be noted that  
 ����� = � = ����� = ����� = 0                  (94) 

 
Explicitly, 
 

��� = −3[ 1
D� (1 + 2

D� #)%#,�],� − [ 1
D� >1 + 2

D� #@ #,], − 1
D� [>1 + 2

D� #@ #,�],� − [ 1
D� >1 + 2

D� #@ #,�],� 

+ <
5; #,#, + <

5; #,�#,� + <
5; #,�#,� + <

5; (1 + �
5" #)%�#,�#,�                                                                 (95) 

 
� = −[ 

5" (1 + �
5" #)%#,], − [ 

5" (1 + �
5" #)%�#,�],� − [ 

5" (1 + �
5" #)%#,�],� − [ 

5" (1 + �
5" #)%#,�],� +

�
5; (1 + �

5" #)%�#,#,                                                                                                                           (96) 
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��� = [ 
5" (1 + �

5" #)%�#,�],� − [ 
5" (1 + �

5" #)%#,], − [ 
5" (1 + �

5" #)%#,�],� − [ 
5" (1 + �

5" #)%#,�],� +
�

5; (1 + �
5" #)%�#,�#,�                                  (97) 

 
��� == [ 

5" (1 + �
5" #)%�#,�],� − [ 

5" (1 + �
5" #)%#,], − [ 

5" (1 + �
5" #)%#,�],� − [ 

5" (1 + �
5" #)%#,�],� −

�
5; (1 + �

5" #)%�#,�],� − �
5; (1 + �

5" #)%�#,�#,�                                                       (98) 

 
2.4 Golden Riemann Curvature Scalar 
 
We recall the definition of Riemann curvature scalar from the theory of tensor analysis and show how 
to express it in terms of the golden metric tensor for all gravitational fields in nature in the cartesian 
coordinate. 
 
By the theory of tensor analysis, the Riemann curvature scalar in 4-dimensional space, R, is given in 
all gravitational fields in all orthogonal curvilinear coordinates �& by 
 � = ������                                                                                                                       (99) 
 
Where ��� is the metric tensor and ��� is the ricci curvature tensor. This invariant quantity is known 
as the Riemann curvature scalar. This definition can therefore be used to express Riemannian 
curvature scalar in all 4-dimensions in all orthogonal curvilinear coordinate and gravitational fields 
based upon the golden metric tensor for all gravitational fields. 
 
It therefore follows that the unique expression for the Riemann curvature scalar for all gravitational 
fields in nature in the cartesian coordinate is given as 
 � = ������ + �� + ������ + ������                                                                 (100) 
 
Hence, simplifying (95), (96), (97), (98) and substituting in (100) 
 

� = <
!" �1 + �

!" #$%� #,�� − H
!; �1 + �

!" #$%� #,�#,� − �
!" #, − �

!" #,�� − �
!" #,�� + H

!; �1 + �
!" #$% #,#, +

<
!; �1 + �

!" #$% #,�#,� + �
!; �1 + �

!" #$% #,�#,�                             (101) 

 
3. RESULTS AND DISCUSSION 
 
In this paper we showed how to formulate the 
formulae for the independent components of the 
Riemann curvature tensor in all orthogonal 
curvilinear co-ordinates, and for all metric tensors 
[(10) to (41)]. We applied the golden metric 
tensor to formulate the Riemann curvature tensor 
in the cartesian coordinate [(61) to (87)]. 
Equations (95) to (98) are the golden ricci 
curvature tensor in the cartesian coordinates and 
equations (101) is called the golden Riemann 
curvature scalar in the cartesian coordinate. 
These results so obtained in this paper are 
hitherto unknown but mathematically most sound 
and elegant and physically most natural and 
radial satisfactory correction of all orders of c-2. 
This is another exploitation of the application of 

the golden metric tensor to the Riemannian 
geometry and its application in theoretical 
physics. 
 
4. CONCLUSION 
 
The door is henceforth opened for the expression 
of Riemann curvature tensor, Riemann ricci 
curvature tensor and Riemann curvature scalar 
in all dimensions in all orthogonal curvilinear 
coordinates and all gravitational fields, based 
upon the golden metric tensor for all gravitational 
fields in nature. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 

 
  



 
 
 
 

Koffa et al.; BJAST, 14(2): 1-8, 2016; Article no.BJAST.23593 
 
 

 
8 
 

 
REFERENCES 
 
1. Howusu SXK. Riemannian revolutions in 

mathematics and physics II. Anyigba: Kogi 
State University; 2009. 

2. Omonile JF, Koffa DJ, Howusu SXK. 
Riemannian Laplacian in cartesian 
coordinate using great metric tensor of all 
gravitational fields in nature in cartesian 
coordinate as the fundamental quantities of 

Riemannian geometry. African Journal of 
Science and Research. 2015;4(3):26-28. 

3. Howusu SXK. Vector and tensor analysis. 
Jos: Jos University Press Limited; 2003. 

4. Chifu EN, Howusu SXK, Seydou H,  Lumbi 
LW. Motion of particles of non-zero rest 
masses exterior to astrophysically real or 
hypothetical spherical distributions of mass 
whose tensor field varies with polar              
angle only. Science World Journal. 
2008;3(2):117-119. 

_________________________________________________________________________________ 
© 2016 Koffa et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/13077 


