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Abstract: This paper delves into the intricate structure of curvature tensors within the realm of Finsler geometry.
By harnessing the power of higher-order Cartan derivatives, we introduce a novel decomposition scheme for curvature
tensors. This innovative approach not only provides deeper insights into the geometric properties of Finsler spaces but
also establishes a foundational framework for further investigations. Our findings reveal that the proposed decomposition
is instrumental in unraveling the connections between curvature, torsion, and the underlying metric structure. Moreover,
we demonstrate the applicability of our results to various subdomains of Finsler geometry, including Finsler information

geometry and Finsler cosmology.
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1. Introduction

Finsler geometry, as a generalization of Riemannian geometry, offers a flexible framework for modeling diverse
physical phenomena characterized by anisotropic and position-dependent metrics. Central to the study of
Finsler geometry are curvature tensors, which encapsulate the intrinsic curvature properties of the underlying
space. While significant progress has been made in understanding curvature tensors in Riemannian geometry,
their counterparts in Finsler geometry exhibit a richer and more complex structure. Traditional approaches
to analyzing curvature tensors in Finsler geometry often rely on the concept of Cartan connection. However,
these methods can become cumbersome when dealing with higher-order geometric quantities. In this paper,
we propose a novel approach that leverages the power of higher-order Cartan derivatives to systematically
decompose curvature tensors.

This decomposition not only simplifies the analysis of curvature but also reveals new connections between
curvature, torsion, and the metric structure.

The study of curvature tensors in Finsler spaces is of paramount importance due to their role in
characterizing the intrinsic curvature of these spaces. These tensors encapsulate information about the deviation
of geodesics and the parallel transport of vectors. By investigating the expansion identities for curvature
tensors, we seek to uncover deeper connections between the various curvature invariants and to gain a more
comprehensive understanding of the curvature properties of Finsler spaces.

Finsler geometry, as a generalization of Riemannian geometry, provides a powerful framework for studying

manifolds equipped with a position-dependent metric. Curvature tensors, fundamental objects in differential

©Asia Mathematika, DOI: 10.5281/zenodo.20997283
*Correspondence: moussa.haoues@yahoo.com

73


https://orcid.org/0000-0002-0556-9293
https://www.asiamath.org/article/vol10iss1/AM-2604-1009.html

A.M. Al-Qashbari, F.A. AL-ssallal and M. Haoues

geometry, play a crucial role in characterizing the intrinsic geometric properties of Finsler spaces.

This paper delves into the intricate structure of curvature tensors in Finsler spaces, building upon previous
investigations [1-6],[8-13]. We explore [1, 2] which investigates certain identities and recurrence properties of
curvature tensors. Furthermore, we leverage the insights from [3-5] that examine curvature tensors using higher-
order derivatives of Berwald and Cartan, as well as generalized recurrent Finsler spaces. Building upon these
foundational works and drawing inspiration from the seminal contributions of Cartan [7] and Rund [10], we
aim to develop a novel decomposition for curvature tensors, investigate the relationship between curvature and

torsion. Two vectors y; and y* meet the following conditions:

a) yi=gu5y, D) wy=F, < &y=u,

The quantities g;; and g%/ are covariant constants with respect to the h-covariant derivative:

, 1, ifi=k
gt =0k =37 ’ 1.2
8 99 g {o, ifi £k, (1.2)

b) gix =0, ¢ gi=0.

ik ii
h h
Tensor Cjji is known as the (h)hv-torsion tensor defined by

1. 1. ..
Ciji = §aigjk = ZaiajakF2~ (1.3)

The (v)hv-torsion tensor C’;k and tensor Cjj), are given by
a) Chyj = Ciriyr =0, b) Ciny’ = Cijry’ = Cijry”™ =0,
¢) ¢*Cij =Gy, d) ¢’*Cyn = Ch,. (1.4)
The vector y* and metric function F vanish identically for Cartan’s covariant derivative:

a) Fj, =0, b) y' =0. (1.5)

Cartan [7] deduced the covariant derivatives of an arbitrary vector field X? with respect to x*, which
are given by
X' = 0u X' + X"Cy (1.6)

and
X'y = X" — 0, X" Gj + X"T/. (1.7)
where the function I'’} is defined by
=T = Co, Ty
The functions I'*{ and G7, are connected by

r __ T*T, S
k*]'—‘skyv
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where

9 = — Oj=-—, Gi=0,G".

The equations (1.6) and (1.7) give two kinds of covariant differentiations which are called v-covariant differenti-
ation (Cartan’s first kind covariant derivative) and h-covariant differentiation (Cartan’s second kind covariant
derivative), respectively. Thus, X i‘ rand X i” . are the v-covariant derivative and the h-covariant derivative of
the vector field X.

In this paper, we introduce the mathematical concepts of tensors, torsion tensors, and deviation tensors.

These entities are fundamental in various fields of physics and geometry, particularly in describing the curvature

and torsion of manifolds. By providing the precise definitions of W; &h » the torsion tensor W; i » and the deviation

tensor W; , we aim to illuminate their significance in characterizing the geometric properties of spaces.

) ) 2 ) 2 .
szkh = szkh + mé;Hhk + myzaijh

+ 5,277# 1 (nHjh + Hypj + y"éthr)
i1 .
i i L i 1 r
Wi = Hjy + =y Hji + 23 05— Hy =~y Hur - (1.9)
i i i 1 S e A i .
W/ =H;—-H5 — Tt (&Hj - @H) Y, respectively. (1.10)

The tensors Wy, , W}, and Wy satisfy the following identities:

a) Wiy =W, b) Wihy" =Wy, ) Wiki= Wik,

d) giTWjikh = Wrjkn, e) jikh = _Wjihkv f) Wjikh + Wkihj + Whijk =0. (1.11)

Also, if we suppose that the tensor Wji satisfies the following identities:

a) szyk = Oa b) Wii = 07 C) giTWji = er7

d) ¢*"Wy =W, e) Wiy" =0. (1.12)

The tensor Wjikh is skew-symmetric in its indices k and h.

Cartan’s third curvature tensor R;kh? Ricci tensor Rjj, the vector Hy, and scalar curvature H are
essential tools in differential geometry for analyzing the intrinsic curvature of manifolds. In this study, we
focus on the mathematical definitions and interrelationships of these tensors. By examining their algebraic and
geometric properties, we seek to understand their contributions to the study of curvature and its implications

in various fields of physics.
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&

J

o

) Rlpn = F}k'ii,h + F?}iGéh + ijG;Z?i — GGl + T i — (k/h),
)

Riyy’ =Hpy, ¢ Ry’ =Hp, d) Rpy*=R;, e R/=R,

f) girR;kh = Ryjkh, g) R;kh = _R;hka h) gij;kh = Ré»

i) R;k:i = g, t) H'y'=H/=(n-1)H,

D Hgy*=H,, k) Hi = Hy. (1.13)

Cartan’s covariant derivative of Rj; and ) is given by

a)  Rjgjm = AmRjk, b) O, = 0. (1.14)

klm
Also, for the covariant derivative |m, we have

a)  (0pRij)im = Am0p Rij, b) (i Ruk)jm = AmijRuk,

) (ROKGij)m = AmR3kgi;,  d) (RRij)jm = AmRR;;. (1.15)

Cartan’s covariant derivative of the tensors Tjkm Tjikh and T}f with respect to =™ are defined as

a) Thentm = AmTins b) T, =AmTh, ) T = ATy (1.16)

The plan of the present paper is as follows. After Section 1, which contains the introduction and
preliminaries, we study the expansion for any curvature tensor with respect to Cartan’s covariant derivative.
Section 2 presents the relationships between the Weyl projective curvature tensor and some other curvature
tensors. Section 3 studies an expansion of Cartan’s covariant derivative for any curvature tensor. In the last

section, we investigate the identities introduced in Section 2 by using the obtained expansion.

2. Preliminaries

In Finsler geometry, a fundamental aspect lies in the intricate relationships between various curvature ten-
sors. These relationships are often expressed through elegant mathematical identities. This paper focuses on
investigating the interconnections between the Weyl projective curvature tensor and other significant curvature

tensors.

2.1. The Riemannian curvature tensor R;kh

The Riemann curvature tensor is a fundamental tool in differential geometry that quantifies the intrinsic
curvature of a Riemannian manifold. It provides a comprehensive measure of how the geometry of the manifold
deviates from that of flat Euclidean space. This paper delves into the properties and significance of the Riemann
curvature tensor, exploring its role in characterizing the curvature of various geometric structures. It is a local

invariant of Riemannian metrics which measures the failure of the second covariant derivatives to commute. A
Riemannian manifold has zero curvature if and only if it is flat, i.e., locally isometric to the Euclidean space.

The curvature tensor can also be defined for any pseudo-Riemannian manifold, or indeed any manifold equipped

with an affine connection.
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The Riemann curvature tensor is a tool used to describe the curvature of n-dimensional spaces such as
a Riemannian manifold in the field of differential geometry.
The Riemann curvature tensor plays an important role in the theories of general relativity and gravity

as well as in the curvature of spacetime. It is closely related to the Weyl projective curvature tensor.

Definition 2.1. The Weyl projective curvature tensor in terms of the Riemann curvature tensor R}kh is defined

as [12]:

i i 1 i i
ijh = Rjkh + m (6kth - gijh) . (21)
In V', we have
i i Lo i
Ry, = Win — 3 (6iRjn — gjrRY) - (2.2)

2.2. Projective Curvature Tensor Wjikh

The W-projective curvature tensor is a geometric object introduced in differential geometry. It generalizes the
projective curvature tensor and the conharmonic curvature tensor. It has been studied in a variety of contexts,
including Riemannian geometry, Kahler geometry, and cosmology.

The properties of the M-projective curvature tensor were proposed by Pokhariyal and Mishra in 1970.
This tensor is described as follows:

WX.Y.27) = ROCLY.Z.T) = 5o (S0 2)0(X.7) - S(X. 2)g(v.7))
+ (g(Y, 2)S(X,T) — g(X, Z)S(Y, T)). (2.3)
where
W(X,Y,2,T)=g(W(X,Y)Z,T), R(X,Y,ZT)=g(RX,Y)ZT). (2-4)

Here, R is the Riemann curvature tensor, S is the Ricci tensor, g is the metric tensor, and n is the
dimension of the manifold.

The W -projective curvature tensor has a number of interesting properties. For example, it is invariant
under conformal transformations, meaning that it remains unchanged for conformally equivalent metrics. The
W -projective curvature tensor also vanishes if and only if the manifold is Ricci-flat.

The W-projective curvature tensor has been used to study a variety of geometric problems, including
classification of Riemannian manifolds, geometry of Kéhler manifolds, and models of gravity.

The local coordinate expression of equation (2.3) is given by

—l 1
W ikn = Rjgn — 2n—1)

(Rjk(% — théfc + gijﬁl — gthfc) . (2.5)
Assuming n = 4 and using (2.2) in equation (2.5), and contracting with ¢'*, the M-projective curvature
tensor is given by

i

k774 i 1. i i i
ijh = Wikn — 6 (5hRjk + 0, Rjn — gk R}, — gthk) : (2.6)
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2.3. Conformal Curvature Tensor C’jikh

The conformal curvature tensor, also known as the Weyl conformal curvature tensor, is a geometric object
introduced in differential geometry. It is a measure of the curvature of spacetime or, more generally, a pseudo-
Riemannian manifold. Like the Riemann curvature tensor, the Weyl tensor expresses the tidal force that a body
feels when moving along a geodesic. The Weyl tensor differs from the Riemann curvature tensor in that it does
not convey information on how the volume of the body changes, but rather only how the shape of the body is
distorted by the tidal force.

Definition 2.2. The conformal curvature tensor C jikh is expressed as follows:

i i Lo i i i
Clyn = Rjpn — By (0kRjn — 04, Rjx + Rigjn — Rj.g;1)

1 i i
= B (095 = 0igin) - (2.7a)
Using (2.2) in equation (2.7a), we get

; . 5 , 1 i )
Clin = Win — 5 (61.Rjn — Rigji) — ER (61.95% — O1gin)
1, .
+5 (0 Rk — Rigin) - (2.7b)
2.4. Conharmonic Curvature Tensor L;kh

The conharmonic curvature tensor is a geometric object introduced in differential geometry. It generalizes the
projective curvature tensor and the conformal curvature tensor. It has been studied in a variety of contexts,

including Riemannian geometry, Kéhler geometry, and cosmology.

Definition 2.3. For Vj, the conharmonic curvature tensor L;kh is defined as [10]:
i i 1 iy osi i i
ijh = Rjkh D) (gijh + 0y Rk — 0. Rjn — gthk) . (2.8a)
Using (2.2) in equation (2.8a), we get

J

L = Wi + 5 OkRin = Rigie) = 5 (9 Rjk — Rigin) - (2.8b)

2.5. Concircular Curvature Tensor M jikh

The concircular curvature tensor is a geometric object introduced in differential geometry. It is a measure of the
curvature of spacetime or, more generally, a pseudo-Riemannian manifold. It is closely related to the conformal
curvature tensor (also known as the Weyl curvature tensor) and the projective curvature tensor. The concircular

curvature tensor vanishes if and only if the manifold is concircularly flat.

Definition 2.4. The concircular curvature tensor My, for Vj is defined as [3]:

7 7 1 7 7
Mjkh = Rjkh - ER (gjk5h - 9jh5k) . (2.9)
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Using (2.2) in equation (2.9), we get

i i 1 i i Lo i
jkh = YWikh — ER (gjk5h - gjh5k) % (6kth - Rhgjk) . (2.10)

2.6. P;-Curvature Tensor
The P;-curvature tensor is a geometric object introduced in differential geometry. It is a measure of the
curvature of spacetime or, more generally, a pseudo-Riemannian manifold. It is closely related to the Ricci

curvature tensor and the scalar curvature. The Pj-curvature tensor vanishes if and only if the manifold is

Ricci-flat and has constant scalar curvature.
The tensor P (X,Y,Z,T) is defined as

P(X,Y,Z,T) = R(X,Y,Z,T) + (g(Y, Z)Ric(X,T) — g(Y,T)Ric(X, Z)

1
2(n—1)
— g(X, Z)Ric(Y,T) + g(X, T)Ric(Y, Z)). (2.11)

In index notation, it is given by [8]:

i i 1 i Y i
Pl = Rjwn + 50— (9% Rf, — gin Ry — 6} Rjn + 64, Rji.) - (2.12)
This can be written as
i i 1 i Y i
Py, = R + 2n—1) (9i1Ri — ginRi — 0 Rjn + 6, R - (2.13)

In V[, and using (2.2) in equation (2.13), we get

i i L i 1y i
Pipn = Wi, + géhRjk = ginRy — §5kth + gk R, (2.14)

3. Expansion of Curvature Tensors in Finsler Space

The expansion curvature tensor Wjikh is a geometric object introduced in Finsler geometry. It is a measure

of the curvature of a Finsler manifold, which is a generalization of a Riemannian manifold. The expansion
curvature tensor is closely related to the Weyl projective curvature tensor and Cartan’s curvature tensor. It

vanishes if and only if the Finsler manifold is flat.

We introduce the generalized Cartan’s covariant derivative for any tensor I/Vj",ch7 given by
W nim = AW + tim (84955 — 0195n) - (3.1)
We can rewrite (3.1) in the following form:
jikh\m = )‘ijikh + pm (529% - %gjh) +Ym (Whio - Wkio) ‘
From (1.4b), the above equation can be written as

Senim = Am Wik 4 tim (34955 — 01.95n) + vm (Wi Cigry’ — Wi Cijny'") - (3.2)
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Using (1.3) in (3.2), we get

i i i i 1 WY i id A8 i
khlm = AmWikn + fim (6h9sk — 0kgin) + Z'VmWh w00, F?y" — W)l 0,0,0,F?y'". (3.3)
Applying (1.1f) on (3.3), we obtain

W ientm = AmWin + tim (01,95 — 0395n) + Zymwgakajﬁ — W00, F2.

From (1.1b), we can write

lekh|m = )‘ijkh + tm (5h9jk - 6lz<:gjh) + iVmWh 3k:aj(yjyj) — Wy 0,0; (il/]yj)- (3.4)

Applying (1.1f) again, we obtain
i i i i 1 Q5 i4
Sentm = AmWikn + tm (0495 — 03.9n) + Z'YmWh Okyj — Wi Oy,
From (1.1g), we finally obtain
i i i i 1 i i
jkhlm = Aijkh + pm (5hgjk - 5k9jh) + Z'YmWhgjk - Wigin- (3.5)

From the previous steps, we can conclude the following theorem:
Theorem 3.1. The expansion of (1.16) is given by (3.5).

The dimensionality of many curvature tensor operators will be extended in accordance with Theorem 3.1.

4. Investigation of the Expansion by Identities

Mathematical identities are equations that are always true, regardless of the values of the variables involved.
They can be used to simplify expressions, solve equations, and prove theorems. We investigate the expansion

of Cartan’s covariant derivative for any curvature tensor, which was obtained in the previous section, namely:

i i i i 1 i i
ijh|m = Aijkh + fm (5h9jk - 5kgjh> + Z’Ym (Whgjk - Wy gjh) . (4.1)

We suppose that (4.1) holds in order to investigate the following identities.

Using Cartan’s covariant derivative, we derive the following expression for equation (2.2):
. . 1 . .
R;kh\m = szkh\m - g’ym ((5};th - R}tg]k>|m (42)
From (1.15a), (1.15b), (4.1) and (4.2), we get
i i i i 1 i i
Ripnim = Mn Wi + ttm (01,955 — 01.95n) + m (Wiigjk — Wiigin)

1 , ,
- g)\m (61.Rjn — Rigjk) -
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This gives
i i Lo i
khim = AmWikn — 3 (5kth - Rhgjk)

+ Hm (5;ngk - 5Ilggjh) + i’}/m (thg_]k - Wklgjh) . (43)

By using (2.2) in (4.3), we have

i i i i 1 i i
Rjkhlm = >‘"lele + pm (5h9jk - 5k9jh) + Z”Ym (Whgjk - Wy th) . (4.4)

From the previous steps, we can conclude the following theorem:

Theorem 4.1. The expansion derivative in Cartan sense of the Riemann curvature tensor R}kh (2.2) satisfies
equation (4.4).
Transvecting (4.4) by y’ and using conditions (1.5b), (1.13b) and (1.1a), we obtain

. , , _ 1 . .
Hiinjm = AmHigy + . (339 = 0kyn) + 7%m (Wiiye = Wiyn) (4.5)

Again, transvecting (4.5) by y* and using conditions (1.5b), (1.13j), (1.12a), (1.1b) and (1.1c), we get

Hpp = A Hiy + pim (5,57 = y'yn) + 79mWi F?. (4.6)

Therefore, the proof of the theorem is completed, and we conclude:
Theorem 4.2. The Cartan covariant derivative of first order for the torsion tensor kah and the deviation

tensor H,' are given by (4.5) and (4.6).

Using Cartan’s covariant derivative, we derive the following expression for equation (2.6):

. 1 . , :
Wiknim = ( kb — 5 (67, Rjk + 61.Rjn — gju Ry, — gth,i)) : (4.7)

Im
From (1.15a), (1.15b), (4.1) and (4.7), we get
W inim = AW + tim (8491 — 6kgjn) + i'Vm (Wil gik — Wigjn)
- é/\m (01 Rjk + 04 Rjn — giu Ry — gjnRy,) -
This can be written as

Wiknim = AmWikn — & (0h Rjk + 01, Rjn — gjx Ry, — gjnRy)

. , 1 . ,
+ i (0h,95k — Okgjn) + 1m (Wigik — Wigin) - (4.8)
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From (2.6) and (4.8), we have

i i i i 1 i i
ijh|m = >\'ijkh + Hm (5hgjk - 5kgjh> + ZVM (W}ngk: - Wk gjh) . (49)
So, the proof of the theorem is completed.

Theorem 4.3. The expansion derivative in Cartan sense of the projective curvature tensor Wj"kh (2.6) satisfies

equation (4.9).
Using Cartan’s covariant derivative, we derive the following expression for equation (2.7b):
Ol = (Wi — 2 (5L Ron — Bige) — SR (g — 5h)
+ % (6 Rjk — Rigjn) >|m- (4.10)
From (1.15a), (1.15b), (1.15d), (4.1) and (4.10), we get

i i i i 1 i i
Cjkh‘m = )\ijkh + Hm (5hgjk - 5k9jh) + Z’Ym (Whgjk - Wy gjh)

+ §>\m (61, Rk — Rigjn) — é/\m (61.Rjn — Rigjk)
1 7 0
— g mB (6h95k — 01.95n) -
Or, we can write as
i [ 5 i [ 1 i i
Clrnim = AmWikn — G (6kRjn — Rigjk) — s (0hgix — 04gin)
1o i i i 1 i i
+t3 (0hRjk — Ryigjn) + pm (91951 — 0.95n) + 1m (Wygjr — Wigjn) - (4.11)
By using (2.7b) in (4.11), we have
, , , . 1 , ,
Cjzk:h|m = )\mcjlkh + Hm (51119]19 - 6;6-9]’1) + 7 Ym (thgjk - szgjh) . (412)

4
In conclusion, the proof of the theorem is completed, and we can state:

Theorem 4.4. The expansion derivative in Cartan sense of the conformal curvature tensor Cjikh (2.7b) satisfies

equation (4.12).

Using Cartan’s covariant derivative, we derive the following expression for equation (2.8b):

Jkh|m = <ijh t5 (6kRjn — Rhgjk) — 3 (64 Rjx — ngjh)> . (4.13)

|m
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From (1.15a), (1.15b), (4.1) and (4.13), we get

i i i i 1 i i
ijh|m = /\ijkh + Hm (5h9jlc - 5k9jh) + Z%n (Whgjk - Wy gjh)

+ 6)\m ((VkRﬂL - R}Zngk) - 5)‘7" (ﬁlek o R’zgjh) ’

Or can be written as
i i Lo i LG i
ijh\m = )‘ijkh + 6 (5kth - Rhgjk) D) (‘5hRjk - ngjh)

+ tm (0h9j% — O19jn) + 1m (Wigik — Wigin) - (4.14)

From (2.8b) and (4.14), we get

, , . , 1 . .
Lignim = AmLjin + tim (01,955 — 04gjn) + 7m (Wigi — Wigin) - (4.15)

Thus, the proof of the theorem is completed.

Theorem 4.5. The expansion derivative in Cartan sense of the conharmonic curvature tensor L;kh (2.8b)

satisfies equation (4.15).

Using Cartan’s covariant derivative, we derive the following expression for equation (2.10):

jkhlm = ( jkh — ER (9104 — gindk) — 6 (0xRjn — Rthk)) . (4.16)

|m

From (1.15a), (1.15b), (1.15d), (4.1) and (4.16), we get
i i i i 1 i i
M nim = AmWikn + tim (61.9ik — O1gin) + 7m (Wi gik — Witgin)

1 , , 1 A ,
- E)\mR (9ik65, — 9jnd;) — éAm (61.Rjn — Rigjk) -

Or can be written as

1

jlkh\m = )‘ijlkh 12

, , 1 .
R (9jx0 — gjnd}.) — 5 (61.Rjn — Rigji)

. . 1 . .
+ tm (0h9jk — O1.9jn) + 1 (Wilgik — Witgin) - (4.17)

From (2.10) and (4.17), we have

i i i i 1 i i
Mjkh|m = )‘mMjkh + tm (5h9jk - 5k9jh) + 17771 (Whgjk - W gjh) . (4-18)

Thus, the proof of the theorem is completed.
Theorem 4.6. The expansion derivative in Cartan sense of the concircular curvature tensor Mjikh (2.10)

satisfies equation (4.18).
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Using Cartan’s covariant derivative, we derive the following expression for equation (2.14):

, T N ,
P ignim = (Wfkh ts (67 Rk — gjnRy) — 3 (0kRjn — gijﬁ)>l : (4.19)

From (1.15a), (1.15b), (4.1) and (4.19), we get

P intm = AW + tim (01,955 — 04gjn) + 17m (Wi gix — Wilg;n)

1 ) X 1 , X
+ 2 (0 Rk = 95nRE) = 3Am (91 Rn — g Ry) -
Or can be written as

i i Lo o Lo i
P iknim = Am Wik, + 6 (0hRjx — gjnRy) — 3 (0L Rjn — gk Rp)

+ i (9950 = 0kgsn) + 7m (Wi — Wiign) - (4.20)

By using (2.14) in (4.20), we have

i i 1 i 1 [ [
P intm = Am Pl jen + tim (6,955 — 01.95n) + 1m (Wigik — Wigin) - (4.21)

Thus, the proof of the theorem is completed.
Theorem 4.7. The expansion derivative in Cartan sense of the Pp-curvature tensor Pfjkh (2.14) satisfies
equation (4.21).

Transvecting (4.1) by y? and using conditions (1.2b), (2.3a) and (1.4b), we get

Wiihtm = AmWiih + i (5hyx = 61yn) + 77m (Wiiys = Wilyn) - (4.22)

Again, transvecting (4.22) by y* and using conditions (1.5b), (1.11b), (1.12a), (1.1b) and (1.1c), we get

) ) ) . 1 .
Wi = Am Wil 4 iy = 0,2 + Sy Wi 2. (4.23)

Therefore, the proof of the theorem is completed.

Theorem 4.8. In Cartan’s first order covariant derivative, the torsion tensor Wy, and deviation tensor W,
are given by (4.22) and (4.23).

Contracting the indices ¢ and h in equations (4.5) and (4.6), respectively, and using (1.2a), (1.1a), (1.1b),
(1.13k), (1.13t), and (1.12b), we get

1
Hklm = A Hg + pim(n — Vyr, — Z’Ykav (4.24)

and
Hpyp = A H + pin(n — 1) F>. (4.25)
Thus, the proof is completed.

Theorem 4.9. In Cartan’s first order covariant derivative, the vector Hy and scalar H are given by (4.24)
and (4.25).
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5. Applications in Physics and Applied Mathematics

The research paper delves into advanced mathematical topics such as Cartan’s covariant derivative, curvature
tensors, and torsion tensors, which are central concepts in differential geometry, general relativity, and theoretical
physics. Below, we provide specific examples of how these concepts are applied in various fields of applied

mathematics and theoretical physics.

5.1. Application in General Relativity (GR)

In general relativity, the curvature of spacetime is described by the Riemann curvature tensor, which determines
how the geometry of spacetime is influenced by the presence of mass and energy. The covariant derivative of
the curvature tensor, as described in the paper, can be used to study the evolution of spacetime curvature in

response to changing gravitational fields.

Example 5.1. Example: Consider the Einstein Field Equations:

1 G
Rin — §gth = CTTkm

where Ryp is the Ricci curvature tensor, R is the scalar curvature, ggp is the metric tensor, and Ty is the
stress-enerqgy tensor.

By investigating the expansion of Cartan’s covariant derivative of the curvature tensor (as done in this
paper), one can examine how gravitational waves, black holes, or exotic matter (such as dark energy) influence

spacetime curvature.

5.2. Application in Higher-Dimensional Theories (String Theory)

In theoretical physics, higher-dimensional spaces play a crucial role in the formulation of fundamental interac-
tions. The covariant derivatives of torsion and curvature tensors are essential in these settings.

In an n-dimensional spacetime, curvature tensors become more complex due to additional degrees of
freedom. Expansions of Cartan’s covariant derivative allow one to study how extra dimensions influence
gravitational and field-theoretic structures. This is particularly relevant in the study of strings and branes

propagating in higher-dimensional manifolds.

5.3. Application in Cosmology
In cosmology, dark energy and dark matter are fundamental components of the universe’s evolution. Curvature
and torsion tensors are essential in describing the large-scale structure of spacetime.

In cosmological models such as the ACDM model, curvature tensors describe the expansion dynamics
of the universe. The expansion identities derived in this paper simplify the mathematical structure of evolving
spacetimes, particularly in analyzing deviation tensors that measure departures from idealized homogeneous

models.

5.4. Application in Fluid Dynamics

In applied mathematics, especially in the study of fluid dynamics, curvature tensors can describe fluid flow in
curved geometries. This is important in modeling turbulent flows and motion in non-Euclidean domains.
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When a fluid flows through curved structures, such as rotating systems or curved pipes, geometric effects

influence velocity, pressure, and vorticity. The expansion formulas developed in this work can be applied to

analyze such complex flow behaviors.

6. Conclusion

In this study, we introduced a novel decomposition scheme for curvature tensors in Finsler spaces. A promising

direction for future research is to explore applications in Finslerian cosmology. Studying curvature tensors

within cosmological models based on Finsler geometry may provide new insights into the large-scale structure

of the universe and offer alternative tests of general relativity.
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