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ABSTRACT: 

It is well known that Euclidean metric tensor is the foundation on which theoretical physics 
and mathematics are built upon even before now. But with the discovery of a great metric 
tensor in Spherical polar coordinates in all gravitational fields in nature has made 
Riemannian Geometry to be unlocked for exploration and exploitation in theoretical physics 
and mathematics. In this paper, we are out to obtain the generalized velocity and 
acceleration tensor/vector in Paraboloidal Coordinate based upon the great metric tensor. 

Keywords: Riemannian geometry, Great metric tensor, velocity, acceleration and 
Paraboloidal Coordinates. 

1:0 INTRODUCTION 

Euclidean geometry has been the basic foundation on which all geometrical quantities in all 
orthogonal curvilinear coordinates in theoretical physics and mathematics are built upon. 
This geometry has a wide application in physics and mathematics because it has a well-
developed metric tensor called the Euclidean metric tensor. In the year 1854, Georg 
Friedrich Bernhard Riemann (1826-1866) published his theory of Geometry and 
corresponding Tensorial Theory of Classical Mechanics in the Gravitational Field [1]. But 
those theories have never been completely understood because their quantities and 
equations are formulated in terms of thee metric tensors for all gravitational fields in 
nature. And all the metric tensors for all gravitational fields in nature have hitherto not been 
fully exposed which make the Riemannian Geometry not to be opened up for exploration 
and exploitation in theoretical physics and mathematics. 

 It is most interesting and instructive note that the one and only one mathematically most 
simple and physically most natural and satisfactory metric tensor called the Great Metric 
Tensor for all gravitational fields in nature was discovered by Prof. S.X.K Howusu, in the year 
2009 in his book entitled: Riemannian Revolution in Mathematics and Physics [2].This metric 
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tensor has made Riemannian Geometry to be opened up for application in theoretical 
physics and mathematics. In view of this metric tensor called the Great Metric Tensor, we 
had been able to formulate some geometrical quantities based upon the Riemannian 
geometry in our previous publications [3,4,5]. Therefore in this paper, we carry out natural 
extensions or generalizations of the velocity and acceleration tensor/vector in Paraboloidal 
Coordinates for applications in theoretical physics and other related fields. 

2:0 THEORY 

The Cartesian coordinates(x,y,z,x0) are defined in terms of the Paraboloidal 
Coordinates(u,v,∅,x0) by [6,7]: 

𝑥 = 𝑢𝑣𝑐𝑜𝑠∅                                                                                                                                 (1) 

𝑦 = 𝑢𝑣𝑠𝑖𝑛∅                                                                                                                                 (2) 

𝑧 =
1
2

(𝑢2 − 𝑣2)                                                                                                                           (3)  

Here: 

𝑟 = �
1
2
𝑢2𝑣2 +

1
4

(𝑢4 + 𝑣4)�
1
2

                                                                                                   (4) 

and 

𝜃 = cos−1

⎩
⎪
⎨

⎪
⎧ 1

2 (𝑢2 − 𝑣2)

�12𝑢
2𝑣2 + 1

4 (𝑢4 + 𝑣4)�
1
2

⎭
⎪
⎬

⎪
⎫

                                                                                    (5) 

  

  

And 

∅ = ∅                                                                                                                                               (6) 

This great metric tensor for all gravitational fields in nature in spherical polar coordinates 
(u,v,∅,x0) is given as [2]; 

𝑔00 = −�1 +
2
𝑐2
𝑓�                                                                                                                        (7) 

𝑔11 = �1 +
2
𝑐2
𝑓�

−1

                                                                                                                        (8) 

𝑔22 = 𝑟2                                                                                                                                            (9) 

𝑔33 = 𝑟2𝑠𝑖𝑛2𝜃                                                                                                                                 (10) 
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𝑔𝜇𝜈 = 0; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                       (11) 

From the well-known transformation equation given by the covariant tensor [8] and 
consequently, upon transformation by using (7) – (10), we obtained the Riemannian metric 
tensor for all gravitational fields in the Paraboloidal Coordinates explicitly as: 

𝑔𝜇𝜈 = ℎ𝜇𝜈 + 𝑓𝜇𝜈                                                                                                                               (12)     

Where 

ℎ11 = ℎ22 = 𝑢2 + 𝑣2                                                                                                                          (13) 

ℎ33 = 𝑢2𝑣2                                                                                                                                            (14) 

𝑓11 = 𝑢2��−1
𝑛 � �

2
𝑐2�

𝑛

𝑓𝑛                                                                                                             (15)
∞

𝑛=1

 

𝑓12 = 𝑢𝑣��−1
𝑛 � �

2
𝑐2�

𝑛

𝑓𝑛                                                                                                             (16)
∞

𝑛=1

 

𝑓22 = 𝑣2��−1
𝑛 � �

2
𝑐2�

𝑛

𝑓𝑛                                                                                                             (17)
∞

𝑛=1

 

ℎ00 = −1                                                                                                                                               (18) 

𝑓00 = −
2
𝑐2
𝑓𝑛                                                                                                                                       (19) 

And 

ℎ𝜇𝜈 = 0 = 𝑓𝜇𝜈; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                (20) 

And the determinant of this metric tensor, denoted as g is given by; 

𝑔 = −1                                                                                                                                                   (21) 

If 𝑔𝜇𝜈 is a covariant metric tensor, then according to tensor analysis the contravariant metric 
tensor for this Riemannian metric tensor denoted as 𝑔𝜇𝜈 is given as; 

𝑔00 = −�1 +
2
𝑐2
𝑓�

−1

                                                                                                                       (22) 

𝑔11 =
1

(𝑢2 + 𝑣2)2 �𝑢
2 �1 +

2
𝑐2
𝑓� + 𝑣2�                                                                                        (23) 

𝑔12 = 𝑔21 =
−2𝑢𝑣

𝑐2(𝑢2 + 𝑣2)2 𝑓                                                                                                            (24) 
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𝑔22 =
1

(𝑢2 + 𝑣2)2 �𝑣
2 �1 +

2
𝑐2
𝑓� + 𝑢2�                                                                                        (25) 

𝑔33 =
1

𝑢2𝑣2
                                                                                                                                          (26) 

And 

𝑔𝜇𝜈 = 0 ; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                           (27) 

These metric tensors define Riemannian volume element, Riemannian gradient, Riemannian 
line element, Riemannian curl, Riemannian divergence and Riemannian Laplacian in 
Paraboloidal Coordinates, according to the theory of tensor and vector analysis []. These 
quantities are necessary and sufficient for the derivation  of the fields in all Paraboloidal 
distribution of charges, current  and mass for the derivation of the equation of motion for 
test particle on all gravitational fields, we shall derive the expression for Riemannian velocity 
and acceleration in Parabolidal Coordinates. 

2:1 THE GENERALIZED VELOCITY TENSOR/VECTOR IN PARABOLOIDAL COORDINATES 

Based on the theory of tensor analysis, the linear velocity tensor in four dimensional space-
time, 𝑢𝛼 is given in all gravitational fields in all orthogonal curvilinear coordinates 𝑥𝑢 by [8]: 

𝑢𝛼 =
𝑑
𝑑𝜏
𝑥𝛼 = �̇�𝛼                                                                                                 (28) 

Where 𝜏proper time and a dot is denotes differentiation with respect to time. 𝑢0,𝑢1,𝑢2 and 
𝑢3are given as: 

𝑢0 = 𝑐�̇�                                                                                                                  (29) 

𝑢1 = �̇�                                                                                                                    (30) 

𝑢2 = �̇�                                                                                                                    (31) 

𝑢3 = �̇�                                                                                                                   (32) 

The generalized velocity tensor according to the theory of tensor analysis, the coordinates 
(𝑢, 𝑣,𝜙) is given as: 

𝑢𝑅 = �𝑢𝑢,𝑢𝑣,𝑢𝜙,𝑢𝑥0�                                                                                           (33) 

Where 

𝑢𝑥0 = −𝑐 �1 +
2
𝑐2�

1
2
�̇�                                                                                           (34)  
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𝑢𝑢 = �𝑣2 + 𝑢2 �1 +
2
𝑐2
𝑓�

−1

�

1
2
�̇�                                                                       (35) 

𝑢𝑣 = �𝑢2 + 𝑣2 �1 +
2
𝑐2
𝑓�

−1

�

1
2
�̇�                                                                       (36) 

And 
𝑢𝜙 = 𝑢𝑣�̇�                                                                                                               (37) 

This is the generalized linear velocity vector. 

2:2 THE GENERALIZED ACCELERAATION TENSOR/VECTOR IN PARABOLOIDAL 
COORDINATES 

The generalized linear acceleration tensor in 4-dimensional space, 𝑎𝑅𝛼 in gravitational fields 
in nature and all orthogonal curvilinear coordinates 𝑥𝛼 is obtained by theory of tensor 
analysis as [8] 

𝑎𝑅𝛼 = �̈�𝛼 + Γ𝜇𝜈𝛼 �̇�𝜇�̇�𝜈                                                                                                           (38) 

Where Γ𝜇𝜈𝛼  is the Christoffel symbol of the second kind (or coefficient of affine connection) 
pseudo tensor and a dot denotes one differentiation with respect to proper time, 𝜏. The 
non-zero results of Γ𝜇𝜈𝛼  based upon the great metric tensor in paraboloidal coordinates are 
given as; 

Γ000 =
1
𝑐2 �

1 +
2
𝑐2
𝑓�

−1

𝑓,0                                                                                                         (39) 

Γ010 = Γ100 =
1
𝑐2 �

1 +
2
𝑐2
𝑓�

−1

𝑓,1                                                                                              (40) 

Γ020 = Γ200 =
1
𝑐2 �

1 +
2
𝑐2
𝑓�

−1

𝑓,2                                                                                                (41) 

Γ030 = Γ300 =
1
𝑐2 �

1 +
2
𝑐2
𝑓�

−1

𝑓,3                                                                                                 (42) 

Γ110 =
−𝑢2

𝑐2 �1 +
2
𝑐2
𝑓�

−3

𝑓,0                                                                                                          (43) 

Γ120 = Γ210 =
−𝑢𝑣
𝑐2 �1 +

2
𝑐2
𝑓�

−3

𝑓,0                                                                                               (44) 

Γ220 =
−𝑣2

𝑐2 �1 +
2
𝑐2
𝑓�

−3

𝑓,0                                                                                                             (45) 
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Γ001 =
1

𝑐2(𝑢2 + 𝑣2)2 ��𝑢
2 �1 +

2
𝑐2
𝑓� + 𝑣2� 𝑓,1 +

2𝑢𝑣
𝑐2

𝑓 𝑓,2�                                                     (46) 

Γ011 = Γ101 =
𝑢2

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,0                            (47) 

Γ021 = Γ201 =
𝑢𝑣 

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,0                             (48) 

Γ111 =
𝑢2

𝑐2(𝑢2 + 𝑣2)2 ��𝑣
2𝑓 − 𝑢2 �1 +

2
𝑐2
𝑓� − 𝑣2� 𝑓,1

+ 2𝑢𝑣𝑓 𝑓,2� �1 +
2
𝑐2
𝑓�

−2

                                                                             (49) 

Γ121 = Γ211 =
𝑢

𝑐2(𝑢2 + 𝑣2)2 �
2𝑣3

𝑐2
𝑓 𝑓,1 − 𝑢 �𝑢2 �1 +

2
𝑐2�

+ 𝑣2� 𝑓,2� �1 +
2
𝑐2�

−2

              (50) 

Γ131 = Γ311 =
𝑢

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3                        (51) 

Γ221 =
𝑣

𝑐2(𝑢2 + 𝑣2)2 ��𝑢
2𝑣 �1 +

2
𝑐2
𝑓� + 𝑣3� 𝑓,1

+ �
2𝑢𝑣2

𝑐2
𝑓 − 2𝑢3 �1 +

2
𝑐2
𝑓� − 2𝑣2𝑢� 𝑓,2� �1 +

2
𝑐2�

−2

                               (52) 

Γ231 = Γ321 =
𝑢𝑣

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3                           (53) 

Γ331 =
−𝑢𝑣2

(𝑢2 + 𝑣2)2 �
(𝑢2 + 𝑣2) +

4𝑢2

𝑐2
𝑓�                                                                                         (54) 

Γ002 =
−1

𝑐2(𝑢2 + 𝑣2)2 �2𝑢𝑣𝑓 𝑓,1 − �𝑣2 �1 +
2
𝑐2
𝑓� + 𝑢2� 𝑓,2�                                                      (55) 

Γ012 = Γ102 =
−𝑢𝑣

𝑐2(𝑢2 + 𝑣2)2
(𝑣2 + 𝑢2) �1 +

2
𝑐2
𝑓�

−2

𝑓,0                                                              (56) 

Γ022 = Γ202 =
𝑣2

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,0                             (57) 

Γ112 =
𝑢

𝑐2(𝑢2 + 𝑣2)2 ��
2𝑣𝑢2

𝑐2
𝑓 − 2𝑣3 �1 +

2
𝑐2
𝑓� − 2𝑣𝑢2� 𝑓,1

+ �𝑢3 + 𝑢𝑣2 �1 +
2
𝑐2
𝑓� 𝑓,2�� �1 +

2
𝑐2
𝑓�

−2

                                                      (58) 
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Γ122 = Γ212 =
2𝑣

𝑐2(𝑢2 + 𝑣2)2 �
𝑢3

𝑐2
𝑓,2 − 𝑣 �𝑣2 �1 +

2
𝑐2
𝑓� + 𝑢2� 𝑓,1� �1 +

2
𝑐2
𝑓�

−2

                   (59) 

Γ132 = Γ312 =
𝑢𝑣

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3                             (60) 

Γ222 =
−𝑣2

𝑐2(𝑢2 + 𝑣2)2 �
2𝑢𝑣
𝑐2

𝑓 𝑓,1 − �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� 𝑓,2� �1 +
2
𝑐2
𝑓�

−2

               (61) 

Γ232 = Γ322 =
𝑣2

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3                             (62) 

Γ332 =
−𝑢2𝑣

(𝑢2 + 𝑣2)2                                                                                                                                 (63) 

Γ003 =
1

𝑐2𝑢2𝑣2
𝑓,3                                                                                                                                   (64) 

Γ113 =
1

𝑐2𝑣2 �
1 +

2
𝑐2
𝑓�

−2

𝑓,3                                                                                                             (65) 

Γ123 = Γ213 =
1

𝑐2𝑢𝑣 �
1 +

2
𝑐2
𝑓�

−2

𝑓,3                                                                                           (66)        

Γ133 = Γ313 =
1
𝑢

                                                                                                                                       (67) 

Γ223 =
1

𝑐2𝑢2(𝑢2 + 𝑣2)2 𝑓,3                                                                                                                   (68) 

Γ233 = Γ323 =
1
𝑣

                                                                                                                                       (69) 

Γ𝜇𝜈𝛼 = 0 ; 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒                                                                                                                            (70) 

     It follows from (39) – (70) that; 

             𝑎𝑅0   = 𝑐�̈� + �1 + 2
𝑐2
𝑓�

−1
𝑓,0(�̇�)2 + 2

𝑐
�1 + 2

𝑐2
𝑓�

−1
𝑓,1�̇��̇� + 2

𝑐
�1 + 2

𝑐2
𝑓�

−1
𝑓,2�̇��̇� +

2
𝑐
�1 + 2

𝑐2
𝑓�

−1
𝑓,3�̇��̇� −

𝑢2

𝑐2
�1 + 2

𝑐2
𝑓�

−3
𝑓,0(�̇�)2 − 2𝑢𝑣

𝑐2
�1 + 2

𝑐2
𝑓�

−3
𝑓,0�̇��̇� −

𝑣2

𝑐2
�1 +

2
𝑐2
𝑓�

−3
𝑓,0(�̇�)2                                                                                                                                      (71) 

And 
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𝑎𝑅1 = �̈� +
1

(𝑢2 + 𝑣2)2 ��𝑢
2 �1 +

2
𝑐2
𝑓� + 𝑣2� 𝑓,1 +

2𝑢𝑣
𝑐2

𝑓 𝑓,2� (�̇�)2

+
2𝑢2

𝑐(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,0�̇��̇�

+
2𝑢𝑣

𝑐(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,0�̇��̇�

+
𝑢2

𝑐2(𝑢2 + 𝑣2)2 ��𝑣
2𝑓 − 𝑢2 �1 +

2
𝑐2
𝑓� − 𝑣2� 𝑓,1

+ 2𝑢𝑣𝑓 𝑓,2� �1 +
2
𝑐2
𝑓�

−2
(�̇�)2

+
2𝑢

𝑐2(𝑢2 + 𝑣2)2 �
2𝑣3

𝑐2
𝑓 𝑓,1 − 𝑢 �𝑢2 �1 +

2
𝑐2
𝑓� + 𝑣2� 𝑓,2� �1 +

2
𝑐2
𝑓�

−2

�̇��̇�

+
2𝑢2

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3�̇�∅̇

+
𝑣

𝑐2(𝑢2 + 𝑣2)2 ��𝑢
2𝑣 �1 +

2
𝑐2
𝑓� + 𝑣3� 𝑓,1

+ �
2𝑢𝑣3

𝑐2
𝑓 − 2𝑢3 �1 +

2
𝑐2
𝑓� − 2𝑢𝑣2� 𝑓,2� �1 +

2
𝑐2
𝑓�

−2
(�̇�)2

+
2𝑢𝑣

𝑐2(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑣2 − 𝑢2) − (𝑣2 + 𝑢2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3�̇�∅̇

+
(−1)𝑢𝑣2

(𝑢2 + 𝑣2)2 �
(𝑢2 + 𝑣2) +

4𝑢2

𝑐2
𝑓� �∅̇�

2
                                                            (72) 

And 
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𝑎𝑅2

= �̈� +
−1

(𝑢2 + 𝑣2)2 �2𝑢𝑣𝑓 𝑓,1 − �𝑣2 �1 +
2
𝑐2
𝑓� + 𝑢2� 𝑓,2� (�̇�)2

+   
2(−1)𝑢𝑣
𝑐(𝑢2 + 𝑣2)2  (𝑣2 + 𝑢2) �1 +

2
𝑐2
𝑓�

−2

 𝑓,0�̇��̇�

+    
2𝑣2

𝑐(𝑢2 + 𝑣2)2 �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,0�̇��̇�

+    
𝑢

𝑐2(𝑢2 + 𝑣2)2 ��
2𝑢2𝑣
𝑐2

𝑓 − 2𝑣3 �1 +
2
𝑐2
𝑓� − 2𝑢2𝑣� 𝑓,1

+ �𝑢3 + 𝑢𝑣2 �1 +
2
𝑐2
𝑓�� 𝑓,2� �1 +

2
𝑐2
𝑓�

−2
(�̇�)2

+  
4𝑣

𝑐2(𝑢2 + 𝑣2)2  �
𝑢3

𝑐2
𝑓,2 − 𝑣 �𝑣2 �1 +

2
𝑐2
𝑓� + 𝑢2� 𝑓,1� �1 +

2
𝑐2
𝑓�

−2

�̇��̇�

+    
2𝑢𝑣

𝑐2(𝑢2 + 𝑣2)2  �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3�̇�∅̇

+     
(−1)𝑣2

𝑐2(𝑢2 + 𝑣2)2  �
2𝑢𝑣
𝑐2

𝑓,1 − �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� 𝑓,2� �1 +
2
𝑐2
𝑓�

−2
(�̇�)2

+   
2𝑣2

𝑐2(𝑢2 + 𝑣2)2  �
2𝑓
𝑐2

(𝑢2 − 𝑣2) − (𝑢2 + 𝑣2)� �1 +
2
𝑐2
𝑓�

−2

𝑓,3�̇�∅̇

+     
(−1)𝑢2𝑣

(𝑢2 + 𝑣2)2  �∅̇�
2

                                                                                                                            (73)             

And 

𝑎𝑅3 = ∅̈ +
1

𝑢2𝑣2
𝑓,3(�̇�)2 +

1
𝑐2𝑣2 �

1 +
2
𝑐2
𝑓�

−2

𝑓,3(�̇�)2 +
2

𝑐2𝑢𝑣 �
1 +

2
𝑐2
𝑓�

−2

𝑓,3�̇��̇� +
2
𝑢
�̇�∅̇

+
1

𝑐2𝑢2(𝑢2 + 𝑣2)2 𝑓,3(�̇�)2 +
2
𝑣
�̇�∅̇                                                                        (74) 

Equation (71) – (74) is called the Riemann Linear Acceleration Tensor. 

        Hence, the 

 Great Riemann Acceleration Vector, 𝑎𝑅 is given as; 

𝑎𝑅 = [(𝑎𝑅)𝑢 , (𝑎𝑅)𝑣 , (𝑎𝑅)∅ , (𝑎𝑅)𝑥0]                                                                                              (75) 

Where 

(𝑎𝑅)𝑥0 = (𝑔00)
1
2[𝑎𝑅0]                                                                                                                          (76) 

(𝑎𝑅)𝑢 = (𝑔11)
1
2[𝑎𝑅1 ]                                                                                                                            (77) 

(𝑎𝑅)𝑣 = (𝑔22)
1
2[𝑎𝑅2]                                                                                                                           (78) 
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(𝑎𝑅)∅ = (𝑔33)
1
2[𝑎𝑅3]                                                                                                                            (79) 

     Equation (76) – (79) is called the Great Riemannian Laplacian Acceleration Vector for all 
gravitational field in nature in Paraboloidal Coordinates. 

3:0 RESULTS AND DISCUSSIONS 

In this paper, we obtained component of the Great Riemannian Linear velocity 
tensor/vector and the Great Riemannian Linear Acceleration tensor/vector in Paraboloidal 
Coordinates as (34) – (37) and (76) – (79) respectively. 

These results derived in this paper are sufficient and necessary for expressing all 
Riemannian mechanical quantities in all gravitational fields in nature (Riemannian 
Hamiltonian, Riemannian Lagrangian, Riemannian linear momentum and Riemannian kinetic 
energy) in terms of Paraboloidal Coordinates. 

4:0 CONCLUSIONS 

The Great Riemannian Linear Velocity vector and the Great Riemannian Linear Acceleration 
vector obtain in this paper in (34) – (37) and (76) – (79) respectively pave a way for 
expressing all Riemannian dynamic laws of motion (Newton’s law, Hamilton’s law, 
Lagrange’s law, Einstein’s special Relativistic law of motion and Schrodinger’s law of 
quantum mechanics) in terms of Paraboloidal Coordinates.   

 

 

 

 

       

 

 

         

 

 

 

 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research Volume 9, Issue 3, March-2018                                                        1524 
ISSN 2229-5518  

IJSER © 2018 
http://www.ijser.org 

REFERENCE 

[1] K. Schwarzschild, S.B. preuss. Akad. Wiss.berlin, 424; 1916. 

[2] S.X.K. Howusu, The Great metric tensor in orthogonal curvilinear co-ordinates (Jos 
University Press Ltd; Jos, 2010). 

[3]  D.J; Koffa, J.F Omonile; V. Abalaka; J.A. Rabba and S.X.K Howusu; Reimann’sn 
Generalization of equation of motion in Prolate spheriodal coordinates; journal of 
the Nigeria Association of Mathematics Physics volume 39, (January,2017);PP283 – 
286. 

[4]  I.F Obagboye and S.X.K. Howusu; Riemanns Geodesic equation of motion for 
particles of non- zero Rest mass in Gravitational fields in Rotational Spherical Polar 
coordinates; Journal of the Nigeria Association of Mathematical Physics; vol. 25(2): 
PP 265 – 266 

[5]  J.F. Omonile, D.J. Koffa and S.X.K Howusu Riemannian Laplacian in cartesian 
coordinates using Great Metric Tensor in all Gravitational Fields in Nature in 
Cartesian Coordinates as the fundamental Quantities of Riemannian Geometry; 
African Journal science and Research; 2015:4(3): 26-28. 

[6] S.X.K. Howusu, Vector and Tensor Analysis; Jos University press Ltd; 2003. 

[7]  F.B Hilderbrand, Advance calculus for Applications, Prentice Hall: Engle wood-cliff, 
1962. 

[8]  M.R. Spiegel, Theory and Problem of Vector Analysis and Introduction to Tensor 
Analysis, New York: Mc Graw-Hill; 1974. 

 

 

 

IJSER

http://www.ijser.org/



