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Abstract: In this present paper, we introduce a Finsler space which pseudo curvature
tensor satisfies the trirecurrence property in sense of Berwald. Certain identities belong to
this space have been studied. Finally, the trirecurrence property in a projection on indicatrix

with respect to Berwald connection has been discussed

Keywords: pseudo T-Trirecurrent, flat pseudo T-Trirecurrent, projection on indicatrix.

1.Introduction.
The recurrence property has been studied by
Sinha [16]

the Finslerian geometrics.

introduced the torsion tensor Tjik and
curvature tensor T, from the division

tensor Tji. Dabey and Singh [2] and Pandey
and Dwivedi [5,6] considered the space

equipped curvature tensor T}kh IS recurrent

and called it T-recurrent Finsler space. They
also considered there in projectively flat-T-
recurrent space and obtained certain results
belong to these spaces. Saleem [11] studied
the flat of recurrent curvature tensor fields in
Finsler space. Further, Qasem and Saleem
[9], Pandey and Verma [7], Saleem and
Abdallah [14], Singh [15] and Sinha [16]
were studied on birecurrent curvature tensor
fields in Finsler space. Saleem and Abdallah

[13] study the projection on indicatrix for

some tensors whose satisfy the birecurrence
property. and Abdallah [13]

considered the space equipped curvature

Saleem

tensor j"kh is birecurrent and called it T-

birecurrent  Finsler space. They also
considered there in projectively flat-T-
recurrent space and obtained certain results
belong to these spaces. Let us consider an n-

dimensional Finsler space F, equipped with

the line elements (X, y) and the fundamental
metric function F is positively homogeneous
of degree one in y*.

Berwald’s covariant derivative of the vector

yJ vanish identically. i. e.,
(11) a) By =0 |,

0 BF=0 and d) U=2.

b) Al =0,

Definition 1.1. The projection of any tensor

Tji on indicatrix is given by [3]
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(12) p.T} =TF hi hf,

where the angular metric tensor is
homogeneous function of degree zero in y*
and defined by

(12) hi:=6f -1 .

Definition 1.2. If the projection of a tensor
T} on indicatrix I,_, is the same tensor T},
the tensor is called an indicatrix tensor or an
indicatory tensor.

In flat pseudo T-birecurrent space, the

i - i
curvature tensor Hj,y, torsion tensor Hyy,

division tensor H} , Ricci tensor Hjy,

curvature vector H,, and curvature scalar H

are birecurrent ,i.e. [13]

(1.3) ﬁmﬁlH]l:kh = almH}kh
(14)  BmBiH kn = amH i
(15) BmBiH = ammH }, ;
(1.6)  BmBiHkn = aimtyn
(1.7)  BmBiHn = aimHy ;
(1.8) BmBiH

2. PRELIMINARIES

In this section, we introduce some

- alm

important concepts and definitions.

The pseudo division tensor Tji IS positively
homogeneous of degree 2 in y* and defined
by [16]:

. . 1 . . .
(21) Tf = —{H§ +— (0.H] — 0;H)y'}.

The pseudo torsion tensor j‘}c IS positively
homogeneous of degree 1 in y‘ and defined
by:

(22) T} = —{y HI; + 26} (Hy + 0igH)}.

ove sl — 13}5\ C)\:K:\B
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The pseudo curvature tensor Y}ikh IS

positively homogeneous of degree 0 in y*

and defined by:
(2.3) hen =
2680 (Hjpn + ahajH)}'

From tensor S. P. Sinha [16] obtained the

1
{5[ Hignr + Y 0;H e +

tensors as follows:
(24) a) ]k = —a[ Tk]

and b) ]kh =0, T

The curvature tensor lekh and torsion tensor
T}, satisfies the following identities

(25) @) Tfny’ b) Teny* = Ty,
Also, this tensors satisfies the following:
(2.6) @) Tfin = Wiin — Hjxn,

=T%, and

The curvature tensor H}kh, the torsion tensor
l' - = . l -, .
;x and the division tensor H; are positively
homogeneous of degree zero, one and two in
y*, respectively. The curvature tensor H}'kh

is skew -symmetric in their lower indices

satisfy the following:

27) a H}khyj = Hlih , b) Hlichyk = Hiiv
c) jiki =Hy , d)Hpy' =Hy ,

e) Hyy*=n-1)H,

g) Hi = (n—DH

The Bianchi identities for curvature tensor
Hjyp, is given by

) Hin+ Hipj+ Hij = 0.

The projective curvature tensor jikh, the
torsion tensor jik and the division tensor

Wji are positively homogeneous of degree
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zero, one and two in y*, respectively. And

satisfy the following: [15]
(2.8) a) W'ikhyj =

and ¢) Wj,; =

Wkih , b) Wlihyk = Whi

The Bianchi identities for projective

curvature tensor field Wjikh is given by [15]
(2.9) W + Wi + Wi = 0,

Taking skew — symmetric part of (2.6a) with
respect to j, k and h, using (2.71) and (2.9),
we get
(2.10) Tfin + Tin; + Thj = 0.

A Finsler space is called a pseudo T-

recurrent Finsler space, if it’s the curvature

tenser leh satisfies ([5], [6])

(211)  BTin=AThn . Thn =0,
where A; is non-zero covariant vector field.
Since Finsler space is projective flat, we
have [15]

(212) @) Wi, =0 . b) Wy =0,
and ¢) W/ =0.

A Finsler space is called a pseudo T-
birecurrent Finsler space, if it’s the curvature
tenser T}y, satisfies [13]:

ﬁmﬁl ]kh

where a;,,, recurrence covariant tensor field

of second order

(2.14)  BmBiT in, = aimTin

(2.15)  BmBiT h = amTh

The curvature tensor jikh of a pseudo T-

birecurrent Finsler space on indicatrix is

birecurrent in sense of Berwald [13]

(216)  BnBi® Tiin) = aim@ - Tin).

217)  BuBi(@-Th) = am (p.Th).
(218)  BnB(P.T) = am (p.T}).
(2.19)  BubBi(p-Hix) = aym(p - Hx)-
(220)  BwBi(p-H)) = apm(p - H)).
221)  BnBi(Tfen — Tjint ta)

= apn (T, — Tfent a)-
(222)  BmBi(T — Tfit'4a)

= @ (Tl = Tl ).
(223) BBy (T} — T/ ¢72,)

= Qi (T]l - Tjafifa)-
3. Pseudo T-Trirecurrent Space:
In this section, we introduce a Finsler space

which the curvature tensor Tjikh is

trirecurrent in sense of Berwald .
Definition 3.1. A Finsler space F, for which

the curvature tensor T-"kh satisfies

(3 1) ﬁnﬁmﬁl ]kh

where c;,,,,, recurrence covariant tensor field
of third order, this

i
ClmnT]kh v Tjgn # 0,

space will be called
pseudo T- trirecurrent space.
(2.13)

respect to x™ in sense of Berwald, we get

(3.2)  BnPmbi
+ almﬁnT]l:kh'

In view of (2.11),

becomes

BuBinBiT hen = Bn@im)T bin + @mAnT fin

which can be written as

BrBmBiT fin =

where Cimn = (BnQim) + QymAn.

Differentiating covariantly  with

ikn = Bnaim)T jin

the above equation

ClmnT]kh v Tin 0,

Thus, we conclude
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Theorem 3.1. Every pseudo T —birecurrent
space which the recurrence vector field
satisfies (Bp,aim) + aymAn # 0, is a pseudo
T — trirecurrent space.

Transvecting (3.1) by y/, using (2.5a) and
(1.1a), we get

(3.3)  BuBmBiT kn = CtmnTin:
Transvecting (3.3) by y*, using (2.5b) and
(1.1a), we get

(34)  BaBmBiT i = ClmnTh-

Thus, we conclude

Theorem 3.2. In pseudo T — trirecurrent
space, The torsion tensor T &, and division
tensor T % are trirecurrent.

Differentiating (1.3) covariantly with respect
to x™ in sense of Berwald, we get
BruBmBiH jin = Bn@um)H e + Qi BrH hep-
Above equation can be written as

(3.5) ﬂnﬁmﬁlH]l:kh = ClmnHjikh ' H]l:kh # 0,
Transvecting (3.5) by y/ , using (1.1a) and
(2.7a), we get

(3.6) BuBmBiH ko, = CimnHin-
Transvecting (3.6) by y* , using (1.1a) and
(2.7b), we get

(3.7) BuBmBiH b = CunnHl}.

Contracting i and h in (3.5) and using
(2.7¢c), we get

(3-8)  BuBmBiHjx = CimnHjk

Transvecting (3.8) by y/ , using (1.1a) and
(2.7d), we get

(3.9)  BuBmBiHk = CimnHk

Contracting i and h in (3.7) and using
(2.79), we get

(3.10)  BuBmBiH = cimnH

ove sl — 13}5\ C)\:K:\B
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Thus, we conclude

Theorem 3.3. In flat pseudo T-trirecurrent
space, the curvature tensor }kh, torsion
tensor H,, division tensor H}, , Ricci tensor
Hj, , curvature vector H, and curvature
scalar H are trirecurrent .
(2.6a)
respect to x! in sense of Berwald, we get
(311) B jikh =B (M/jikh - Hjikh)

Differentiating (3.11) covariantly twice with

Differentiating covariantly  with

respect to x™ and x™ , respectively, in sense
of Berwald, we get

(312) ﬁnﬁmﬁlTjikh = Bnﬁmﬂl(mljlkh - Hjikh)'
Using (3.1), (3.5) and(2.6a) in (3.12), we get
(3-13) .Bn.Bm:Bl VV]lkh = ClmnVle}ch
Transvecting (3.13) by y/, using (2.8a) and
(1.1a), we get

(3.14)  BuBmbi Wléh = Cimn Wkih
Transvecting (3.14) by y*, using (2.8b) and
(1.1a), we get

(3.15)  BuBmbr Wl‘t = Cimn Wi;

Thus, we conclude

Theorem3.4. In pseudo T-trirecurrent space,
the projective curvature tensor Wj‘}(h, the
torsion tensor Wy, and the division tensor
W} are trirecurrent.
Using (3.1) and (2.6a) in (3.12) , we get
(3.16) BBt (Wji, — Hicn)

= Cimn(Wjien = Hfn) -
Transvecting (3.16) by y/, using (2.7a),
(2.8a) and (1.1a), we get
(317)  BuBmBi(Wiy — Hip)

= Cn (Wi, — Hip)
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Transvecting (3.17) by y*, using (2.7b),
(2.8b) and (1.1a), we get

(3.18) BuBmBi(Wi — Hp) = Ciomn (Wi, — Hy),
Thus, we conclude

Theorem3.5. In pseudo T-trirecurrent space,
The tensors (Wi, — Hixn), (Win — Hip)

and (W} — H}) are trirecurrent.

4. Projection on Indicatrix with Respect to
Berwald’s Connection
Saleem and Abdallah introduced the
projection on indicatrix for the tensors which
be birecurrent [13]. In this section, we
studied the projection on indicatrix for the
tensors which be trirecurrent.

Let us consider a Finsler space F, for

which the curvature tensor T}, is
trirecurrent in sense of Berwald, i.e.
characterized by (3.1).

Now, in view of (1.2), the curvature tensor
T}, On indicatrix is given by

(41)  p.Tjn = Theqghthf hihi: .

Taking covariant derivative of (4.1) with

respect tox! , x™ and x™ in sense of
Berwald and using the fact that p;h} =0,
we get
(4.2)  BuBmbBi(p Tin)

= BnBmBiTscahihi hihf.
Using (3.1) in (4.2), we get
(4.3) BuBmBi(® Tfin) = ComnTscahah hihf.
In view of (1.2) and by using the fact that

Blh}' = 0, equation (4.3) can be written as

BuBmBi® Thien) = Cimn(® - Tlin).

This shows that p . Tj, is trirecurrent,

Thus, we conclude

Theorem 4.1. The projection of the

curvature tensor Tjy,, on indicatrix in pseudo
T-trirecurrent space is trirecurrent in sense
of Berwald.

Taking covariant derivative of (2.17) with
respect to x™ in sense of Berwald, we get
(44)  BuPmBi(P Tin) = Bntim(® - Tin)-
Using (3.3) and using the fact that B;h} = 0
in (4.4) and in view of (1.2), we get

(45)  BuBmBi® Ti) = Clnn (P - Tin)-
Theorem 4.2. The projection of the torsion
tensor T%, on indicatrix in pseudo T —
trirecurrent space is trirecurrent in sense of
Berwald.

Taking covariant derivative of (2.18) with
respect to x™ in sense of Berwald, we get
(4.6)  BuBmBi(p TE) = Braym(p . TH).
Using (3.4) and the fact that Bkl =0 in
(4.6) and in view of (1.2), we get

A7) BaBumBi® TH = Comn(® . TH).
Theorem 4.3. The projection of the division
tensor T on indicatrix in pseudo T —
trirecurrent space is trirecurrent in sense of
Berwald.

Taking covariant derivative of (2.21) with
respect to x™ in sense of Berwald and using
(2.11), we get

ﬁnﬁmﬁl( jikh_ jcllchfifa)

= (Bnim + Lnaim)( jikh

Above equation we can written as

(4.8) BuPnBi(Then — Tfint'€a)

- E%hfifa)-
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= Cimn (T]lkh - Y}lllchfi{)a)-
Thus, we conclude

corollary 4.1. In  pseudo T-trirecurrent

space, the projection of the tensor j"kh on
indicatrix is trirecurrent if and only if
nt g is trirecurrent.
Taking covariant derivative of (2.22) with
respect to x™ in sense of Berwald , we get
BuBmBi(Th — Tfiet €a)
= (Brnim + Anaim)( jik
Above equation can be written as
(4.9) BubBmBi(Tfi — Tfit'4a)
j‘}ct’i{’a).

- Y}Cllcfifa)-

= Clmn(lek -
Thus ,we conclude

corollary 4.2. In  pseudo T-trirecurrent

space, the projection of the torsion tensor
j"k on indicatrix is trirecurrent if and only if
T4, is trirecurrent.

Taking covariant derivative of (2.23) with

respect to x™ in sense of Berwald , we get
BuBmBu(T} — Tf4'4,)
= (Bn@um + Anaim) (T} — TF€4,).
Above equation can be written as
(4.20) BpBmBi(T}] — Tf€'s)
= Clmn(Tji - Tja{)i{)a)-
Thus ,we conclude
corollary 4.3. in pseudo T — trirecurrent
space, the projection of the division tensor

Tji on indicatrix is trirecurrent if and only if

Tf4'0, is trirecurrent,

ove sl — 13}5\ C)\:K:\B
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