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Abstract. In this paper, we introduce and study the necessary and sufficient condition for some tensors which satisfy the
generalized recurrence property in the sense of Berwald which is characterized by the following condition [1]

BiPjin = LiPjin + Ml(ajlgkh - 5Ittgjh) , Py #0,
where B, is Berwald's covariant differential operator concerning x! , A, and g, are known as recurrence vectors. We use
Cartan’s second kind covariant derivative and Berwald covariant derivative together to get the necessary and sufficient condition

for some tensors.

Keywords. Finsler space, Curvature tensor, Generalized BP — recurrent space, h —covariant derivative, Berwald covariant

derivative.

1.Introduction

Finsler geometry is a kind of differential
geometry in pure mathematics which originated
by Finsler in 1918. It is usually considered as
a generalization of Riemannian geometry. Pandey
et al. [19] introduced a generalized H - recurrent
Finsler space, Youssef et al. [16] discussed some
vector fields in Finsler Geometry.

Verma [20], Pandey and Verma [18], Sarangi
and Goswami [14], Mishra and Lodhi [5], Dikshit
[21], Qasem [6], Hussien [17] and Mohammed
[3] introduced and discussed the necessary and
sufficient condition for some tensors which
satisfy a recurrence property. Qasem and
Abdallah [7,8], Qasem and Saleem [9], Qasem
and Baleedi [12], Awed [2], Qasem and
Al- Qashbari [10,11] introduced the necessary
and sufficient condition for some tensors which
satisfy a generalized BR — recurrent space,
a generalized BN —recurrent space, a generalized
BK —recurrent  space, a generalized P" —
recurrent space and generalized H"—,R"—
recurrent space, respectively.

The vector y; defined by
(11 yi= g0 y)y’
The two sets of quantities g;; and its associative
g%, which are components of a metric tensor
connected by

. 1if j=k,
(1.2) 99" = &f = {0 l];]] +k.
In view of (1.1) and (1.2), we have
(13) a &y =y" ., b &gi= g
and ©) Oiyi = Yk
The vectory; also satisfies the  following
relations

(1.4) a) gij = alyj = 0;y; and
b) 9,y/ =&/

The tensor Cjj; is defined by
(1.5) Ciji = iakgij
which called (h)hv-torsion tensor [15] and its
associative Cj-k is symmetric in its lower indices
and called (v)hv- torsion tensor, these tensors
satisfy the following:
(,1-6) a) Cyj = gnjCl,  and b) G = G,
E. Cartan h- covariant differentiation (Cartan's
second kind covariant differentiation) with
respect to x* is given by [13]
L7 X =0, X' — (0, X)Gp + XTIy
the metric tensor g;; is covariant constant with
respect to h —covariant derivative, i.e.
(18) gijk=0 '
The h — covariant derivative of the vector y*
vanish identically i. e.
L9 ¥y =0.

Let us consider new connection parameter
Gjik of L. Berwald which are connected with
Cartan's connection parameter l“j*;f by
(1.10) jik = ﬁci + Cjiklh y".
Berwald covariant derivative Biji of an arbitrary
tensor field T]-i with respect to x* is given by [13]
(L11) BT} =8, — (3, T))G} + T/ G,

- Tl ]Tk .

The commutation formula of Berwald's covariant
differentiation with respect to x" and the partial
differentiation with respect to y* for an arbitrary
tensor T} is given by
(112)  (9Bh = Br0)T =T Giny — TGl
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Berwald covariant derivative of the vector y!
vanish identically, i.e.
(1.13) Byyi=0
But in general, Berwald covariant derivative of
the metric tensor g;; non-vanishing and given by
(1.14) Brgij = _2Cijk|hyh = _thBhCijk-
The tensor Pj"kh called hv — curvature tensor
(Cartan's second curvature tensor) defined by
(1.15)  Pjn = 0nlj + CjrPin — Cjngk
Satisfies the relation
(1.16) lekh y' = Fﬁc’hy] =Py = Cﬁcmryrr
Where P, is (v)hv — torsion tensor
(117) Py’ =0
using (1.16) in (1.10), we get
(1.18) P{, =Gi, —Tit.
The P — Ricci tensor Py, is given by
(1.19)  Pjy; = Py
The associate tensor Py, of the hv —curvature
tensor P, is given by [13]
(1.20) Pijin = gir Pﬁcn
The tensor (P;; — P;;) is given by
(1.21)  Pijkn gt = Pij =Py
The curvature vector P, is given by
(122) Pi =P
The curvature scalar P is given by
(1.23) P, yk=P
the hv— curvature tensor Pj, satisfies the
following:
(1.24) lekh - Pléjh = _Sjlkhlr vy
and
(1.25)  Pjxp — Pjn = Cinyj + CsjPin — J/k .
The tensor R}kh called h —curvature tensor
(Cartan's third curvature tensor) defined by
[13]
(1.26) Rily := 0, T + (9,4 Gf

+Gl (0nGR = G3GY ) + Ty ™ — h/k.
Satisfy the relations
(r.27) R}kh = Kjikh + C]Lm Hyy
and
(1.28) R}kh yj = Hlich
The associate tensor R;j, of the h —curvature
tensor Rfy, is satisfies
(1.29) @) Rijkn = girRjin and

b) Rijkn = Kijkn + Cijm Hyh

R —Ricci tensor Ry, and the curvature vector
R, are given by
(1.30) Ry = Ky + Clpy H
and
(1.31) Ry’ =Ry.
The tensor S}kh is called v — curvature tensor
(Cartan's first curvature tensor) defined by
[13]
(1.32) Sjlkh = C;ij; — Crn ﬁc .
The associate curvature tensor S;;,, is given by

(1.33) Sijkn = 8ri S]?;ch .

2.A Generalized BP — Recurrent Space

Let us consider a Finsler space F, which
Cartan's second curvature tensor P,-ikh satisfies the
condition [1]

1) BuPin = AmPhn + 1.(8/gin — 6igjn).

Pln # 0

where B,, is Berwald's covariant differential
operator with respect to x™, A, and p,, are
non—zero covariant vectors field, this space
introduced by Alaa el al. [1], they called it
a generalized BP — recurrent space and denoted
it briefly by G(BP) — RE, .

Let us consider a G(BP) — RF, which is
characterized by the condition (2.1)

Transvecting the condition (2.1) by g , using
(1.20), (1.14) and (1.3b), we get
(2.2) Blejkh = /11ijkh

+H1(9jmgkn - gkmgjh) + 2P}y B Cimi
Transvecting the condition (2.1) by y/, using
(1.16), (1.13), (1.3a) and (1.1), we get
(23) BPin = LPin + (¥ Gin — Givn) -
Contracting the indices i and h in the condition
(2.1), using (1.19) and (1.3b), we get
(2.4) 73le1¢ = Alpjk-
Contracting the indices i and h in the condition
(2.3), using (1.22), (1.1) and (1.3c), we get
(25) BPy = AP

3. Necessary And Sufficient Condition

We obtained the necessary and sufficient
condition for some tensors which satisfies
a generalized recurrent ina (BP) — RF, .

For a Riemannian space V,, the projective
curvature tensor Pfkh (Cartan's second curvature
tensor ) is defined as follows [4]

) . 1. .
(3.1) lekh = R;kh - ;(5;1Rjk - 5;(th)-
Transvecting the condition (3.1) by g;,,, using
(1.20), (1.29a) and (1.3b), we get
1
(32)  Pmjkn = Runjin — ;(Rjkgmh — RinGmic)-
Taking the covariant derivative for (3.1) with
respect to x! in the sense of Berwald and using
the condition (2.1), we get
(.3)  BRjip = 3 Pfin + 11(8/gin. — Sk jn)
1 . .
+EB,(6;1R,-R — 8LRjp).
Using the condition (3.1) in (3.3), we get
B4 BiRjn = ARjin + 1(8 grn — 5k9jn)
1 . .
: . .
This shows that
BiRbn = MiRjien + t1(8} ien — 61 gjn)
If and only if
Thus, we conclude
Theorem 3.1. In G(BP) —RE,, for n =4,
Cartan's third curvature tensor R}'kh is
a generalized recurrent if and only if the
tensor (8LR; — SLR;,) is recurrent.
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Taking the covariant derivative for (3.2) with
respect to x! in the sense of Berwald and using
the condition (2.2), we get ‘
(3.5)  BiRumjin = LiPmjkn + 2Pjny B Cim
+H1(gjmgkh - gkmgjh)
1
+ ng(Rjkgmh - jhgmk)-
Using the condition (3.2) in (3.5), we get
(3.6)  BiRumjin = ARmjkn + 2Py BeCiy -
+Hz(gjmgkh - gkmgjh)
1
+ gBl (Rjkgmh - thgmk)
1
- g’ll(Rjkgmh - jhgmk)
This shows that
(3.7) Blijkh = Alijkh _
iy (gjmgkh - gkmgjh) + Piny B Cimu
If and only if
Bi(RjxGmn — RinGmi) = 2(RixGmn — RinGm)-
Thus, we conclude
Theorem 3.2. In G(BP) — RE,, for n =4, the
associate curvature tensor R, ;, of Cartan's
third curvature tensor is given by (3.7) if and
only if the tensor (RjGmn — RinGmi) IS
recurrent.
Transvecting the condition (3.1) by v/, using
(1.16), (1.28) and (1.31), we get
(38)  Piy = Hin — = (6hRe — 5Ry).
Taking the covariant derivative for (3.8) with
respect to x! in the sense of Berwald and using
the condition (2.3), we get
(3.9) BHiy = 4Pin + (¥ grn — 6k¥n)
1 i i
+§Bl(6th - 6}1(Rh)
Using (3.8) in (3.9), we get
(3.10) B,Hiy, = LHjn + (¥ gin — 6icvn)
1 i i
+Bi(8hRi — 6kRn)
1 . .
— < X(8iRyc — SiRy).
This shows that
(3.11) BiHiy, = AHjn + (¥ Gin — 6icvn)
If and only if
B, (8 R — S6LRy) = A(8LR, — SLRy).
Thus, we conclude
Theorem 3.3. In G(BP) — RE,, for n =4, the
torsion tensor H:, of Berwald is given by (3.11)
if and only if the tensor (8iR, — S8LRy,) is
recurrent.
Using (1.27) and (1.30) in (3.1), we get
(312)  Pjp = Kjgn + G Hin
1 r i - .
—AKe + G HR)Sh — (Kjn + Clr Hiy )1}
Taking the covariant derivative for (3.12) with
respect to x! in the sense of Berwald and using
the condition (2.1), we get
(3.13) BiKjkn = LiPjin + 4 (sjlgkh - 6}lcgjh)

1 r ; - .
+=B{(Kj + Ch Hit)85, — (K + G Hit )51}
—By(Cjm Hi)

Using (3.12) in (3.13), we get
(3.14) BKjyp = 1K + (6} gin — 6£9;n)

1 . .
— A (K + G HEDS), = (Kjn + G Hi )61}

1 . .
+§Bl{(1<jk + G Hip )6y — (Kin + Ciy Hfrlr;‘)(sllc}
+Al (C}Lm Hkrfrtl) _Bl (C}Lm HkrirLl)
This shows that

BiKfin = LiKjn + 11(8/ gin — Sk9jn)

If and only if

1 r i
(3.15) B (Kj + Gl HEDSF, — (K +
Cim Hi) 81} = Bu(Cm HiR)
1 my i
= 4{ (K + Cln HE) S — (Kj +
C]T:m H;Lr:')sllc} - Al(lem Hkrirll)
Thus, we conclude
Theorem 34. In G(BP)—RE,, for n =4,
Cartan's fourth curvature tensor K}kh is a
generalized recurrent if and only if Eq. (3.15)
holds .
Using (1.29b) and (1.30) in (3.2), we get
(3.16) Ppjkn = Kmjkn + Cmjs Hin
1 T
_g{(Kjk + st H;r)gmh
—(Kjn+ Cjs Hyy) Gimi}
Taking the covariant derivative for (3.16) with
respect to x! in the sense of Berwaldand using
the condition (2.2), we get
(3.17) Blejkh = Alejkh - Bl(cmjs Hksh)
i (gjmgkh - gkmgjh) + 2Py B Cimu
1 T T
+§/11{(Kjk + Cjs Hlir)gmh — (Kjn+Cjs Hy ) Gmi}
Using (3.16) in (3.17), we get
(3.18) Blejkh = lszjkh .
+1(gjmGin — Giemjn) + 2Phny BeCim
+Al(ijs Hksh) - Bl(ijs Hksh) -
1 T T
S Kie + G Hir ) gmn — (Kjn+Cls Hip) gomic} +

1
;Bz{(Kjk + Cls Hi ) gmn — (Kjn+Cls Hiyp) Gmic

This shows that
BiKmjkn = Alejkh + .ul(gjmgkh - gkmgjh)

If and only if
(3.19) g B{(Kjic + Cfs Hir) Gmn

—(Kjn+Cjs Hyp) Gimic} — Bi(Comjs High)

= gll{(Kjk +Cfs Hiy ) Gmn

_(th+C]?; Hiszr)gmk} - Al (ijs Hksh)

—2Pjiny B Cii -
Thus, we conclude
Theorem 3.5. In G(BP) — RE,, for n = 4, the
associate  curvature  tensor Kp;, is a
generalized recurrent if and only if Eq. (3.19)
holds .
Transvecting (1.24) by g;, , using (1.20), (1.8)
and (1.33), we get
(3.20) Prjkn — Prkjn = (_Smjkhlryr)
Taking the covariant derivative for (3.20) with
respect to x! in the sense of Berwald and using
the condition (2.2), we get
(3.21) Bi(—SmjknpyY") = M(Pmjicn — Pmijn)

+2#z(gjmgk@ — Gkmjn)
+2(Pjien, = Pijn) Y BeCom-

Using (3.20) in (3.21), we get
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B, (_Smjkhlryr) =4 (_Smjkhlryr)
_al(gjmgkh - gkmgjh)
+2(Pjxn — Pléjh)thtCiml
Where a = -2y,
This shows that
B, (Smjkhlryr) = Al(smjkhlryr)
+al(gjmgkh - gkmgjh)
If and only if
(lekh - Pléjh)thtCiml = 0.
Thus, we conclude
Theorem 3.6. In G(BP) — RE,, the tensor
(Smjin-y") is a generalized recurrent if and only
if (Pjgn — Pklcjh)thtCiml =0.
Transvecting (1.25) by g;,, , using (1.20), (1.8)
and (1.6a), we get
(3.22) Ppjkn — Pmkjn = (Crmienjj + PicnCons;
—j/k).
Taking the covariant derivative for (3.24) with
respect to x! in the sense of Berwald and using
the condition (2.2), we get
(323) Bl(kahlj + Plthmsj _]/k)
= Al(ijkh - Pmkjh)
+2Ml(gjmgkh — Jim3jn)
+2(Pjien, = Pijn) Y BeCimu-
Using (3.22) in (3.23), we get
Bl(cmkhu + Plghcmsj _]/k)
= L (Cnknyj + PienCmsj — j/K)
+az(gjmgkh - gkmgjh)
+2(Pjrn — Plijh)thtCiml
Where a; = 2y,
This shows that
By (Conkn)j + PinCmsj — Jj/K)
= 4 (Crnnjj + PenCmsj — j/ k)
+al(gjmgkh - gkmgjh)
If and only if
(Pjgn — Pléjh)thtCiml =0.
Thus, we conclude
Theorem 3.7. In G(BP) — RE,, the tensor
(Coknj + PinCimsj —j/k) is @ generalized
recurrent if and only if (Ph, — Pijn) ¥* B Cim
=0.
Transvecting the condition (2.2) by g**, using
(1.21), (1.2), (1.3b) and put (g""ge, = 1),
we get
Bl(ij - P]m): AL(ij - Pj‘m)
+ 29" " Py BeCimi + Pmjicn Bi 9"
This shows that
(3-24) Bl(ij - ij) = Al(ij - P]m)
If and only if
(3.25) ngh PjikhthtCiml + Ppjin By gkh =0.
Thus, we conclude
Theorem 3.8. In G(BP)— RE,, the tensor
(Pmj — Pmy) behaves as recurrent if and only if
Eqg. (3.25) holds .
Contracting the indices i and h in the condition
(1.25), using (1.19) and (1.6b), we get
(3.26) Py — Pyj = Cyj; — CsiPi; — j/k.

Taking the covariant derivative for (3.26) with
respect to x! in the sense of Berwald and using
(3.24), we get ‘
(3.27) By(Cyyj — CsjPri — j/ k) = Xi(Pmj — Pim).
Using (3.26) in (3.27), we get

Bl(Cklj - CsLjP]gi —j/k)

= L(Cyj — CsiPe — j/ k).
Thus, we conclude
Theorem 3.9. In G(BP)—RF,, the tensor
(Crjj — CS"J-P,Z- —j/k)behaves as  recurrent
[provided Eg. (3.25) holds].
Differentiating (2.3) partially with respect to y/,
using (1.4b), (1.5) and (1.4a), we get
(328) &(BiPin) = ()Phn + 1(8;Pin)

+(ai#l)(ylgkh - 51@3’;1)
+Aul(5jlgkh + 2y Cin, — 5llcgjh)-
Using the commutation formula exhibited by
(1.12) for (HLy,) in (3.28), we get
Bi(9Pin) + PinGl = PinGlic = Pl Gin
= (.ajll)Pl?h + Al(aj'PIéh)
+(aj.ul)(yl'gkh - ‘Sliyh) '

+,(8} gin — 6k gjn) + 215" Cin-

This shows that
Bz(ajplih) = 4, (0;Pgp) + Iiz(5jlgkh - 51@.9;‘}1)

if and only if
(329) PI:h X jllr ] P;h ﬁk _‘PIérG]Tlh - (ajll)PIEh

_(aj:u-l)(ylgkh - 512)’}1) —2Wy' Cign = 0.
Thus, we conclude
Theorem 3.10. In G(BP) — RE,, the tensor
(9;Piy) is a generalized recurrent if and only if
Eq.(3.28) holds.
Differentiating (2.4) partially with respect to y",
we get
(3.30) 94(BPyx) = (9n 1) Pixc + 2:(91Pik)-
Using the commutation formula exhibited by
(1.12) for (Py) in (3.30), we get

Bl(ah‘?jk) + P Gry; - Py Gruk

= (0nA) Py + (0nPyic)-

This shows that
(3.31) Bl(ahpjk) = 4 (0nPyi)
if and only if
(3.32) Prnglj — Py Ghy — (ahll)ij =0. .
Differentiating (2.5) partially with respect to y/,
we get
Using the commutation formula exhibited by
(1.12) for (Py) in (3.33), we get

Bl(ajpk) - PT ]?ik = (ajll)Pk + ﬂ.l(a]Pk)
This shows that
if and only if
The equations (3.31) and (3.34) show that the
tensors (9,P;;) and (9;P,) behave as recurrent if
and only if (3.32) and (3.35), respectively holds.
Thus, we conclude
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Theorem 3.11. In G(BP) — RE,, the tensors
(8,P;) and (9;P,) behave as recurrent if and
only if Egs.(3.32) - (3.35), respectively holds.
Using the definition of the covariant derivative in
the sense of Berwald for the hv —curvature
tensor P]-"kh exhibited by (1.11) with respect to x*,
we get
(3.36) Blel}'ch = alpjlkh‘ + Pj?chG;.l _‘P;thj?i
_PerhGI:l - lekrG;;I - (arpjlkh)alr .
Using (1.18) in (3.36), we get
Blelk‘h = aleLkh‘ + P r*.l _‘Prlkhlﬁr
~Pinlil = Pinlii = (9, Phin) G
+Pjrkhprlz - Prlkhpjrl - Pj‘mPL - lekrpffz-
Using the definition of the h — covariant
derivative in the sense of Cartan exhibited by
(1.7) with respect to x' in above equation, we get
(3.37) BiPjyy = lek'h|l + PﬁcthLL = Phen P
—PLWPl — PPl
Using the condition (2.1) in (3.37), we get
Pyt = Alelk'h + Hl(@%gkn - 5llcgjh)
—=PjinPri + PrinPjy + Pjyn Py + Py Phy -
This shows that
Pt = AP, + Hl((sjlgkh - 51?91'11)
if and only if
(3-38) Pﬁchprlz - Prlkhpjrz - Pj‘mP{z - lekr
Thus, we conclude
Theorem 3.12. In  G(BP)—REF,, the
hv —curvature tensor Pj, is a generalized
recurrent in the sense of Cartan if and only if
EQq.(3.38) holds .
Using the definition of the covariant derivative in
the sense of Berwald for the associative curvature
tensor Py, jx, exhibited by (1.11) with respect to
x!, we get
(3.39) BiPmjkn = 0Pmjin + PrjknGm
_Pmrthﬁ - P?:njrhGl:l
_ijkrGPfl _(arpmjkh)Glr .
Using (1.18) in (3.39), we get
BiPmjkn = 0:Pmjkn + Prjknlmi
_Ptnrkhr]";r - ijrhrk*lT_ijkTFh*lr
_(6rpmjkh)Glr + Prjin Py — Prien Pl
_ijthI:l - ijkrpf?;l .
Using the definition of the h — covariant
derivative in the sense of Cartan exhibited by
(1.7) with respect to x! in above equation, we get
(3.40)  B,Ppjkn = Pmjkni + Prjicn P
_Pmrkhpjvz - P‘mjthI:l - ijkrpizl .
Using the condition (2.2) in (3.40), we get
Prjknit = MiPmjicn + 141(9jmGin — Gxm9jn)
+2Pj,y B Ciny
_PrjthrCLl + Pmrkhpj?z + ijthI:l + ijkrpitl .
This shows that
Prjknt = MiPmjin + 141(GjmGin — Gem9jn)
if and only if
(3-41) Prjthrcll - Pmrk‘thrl - ijthl:l
—Ppjicr Pt + 2Py BiCipyyy = 0.
Thus, we conclude

P, = 0.

Theorem 3.13. In G(BP) — RF, , the associative
curvature tensor Py, ., is a generalized recurrent
in the sense of Cartan if and only if (3.40) holds .
Transvecting (3.37 ) by y/, using (1.16), (1.13),
(1.9) and (1.17), we get
(3.42) BiPjy = Pzinu + Py Pl — Py Py — PPy
Using (2.3) in (3.42), we get
Penjy = AiPn + (Y Gn — Syn)
—PinPpy + Py Pl + P PRy
This shows that
(3.43)  Pinjy = LiPin + 1 (Y Gin — 8kyn)
if and only if
(3.44) Pl:hpril - PﬁnP;?z - Plirpirl =0.
Thus, we conclude
Theorem 3.14. In G(BP) — RE,, the (v)hv -
torsion tensor P}, is given by (3.43) in the sense
of Cartan if and only if Eq. (3.44) holds .
Contracting the indices i and h in (3.37) and
using (1.19), we get
(3.45)  B\Pj = Py + PjiPry — PPy
—P; Py — Py Py

Using (2.4) in (3.45), we get

Py = 4Py — PPy + PPy

+P;,Piy + PPl -

This shows that
(3.46) P = AP
if and only if
(3.47)  PjyPh = PPl — PPl — PPl = 0.
Contracting the indices i and h in (3.42) and
using (1.22), we get
(348)  BiPy = Py + PiiPjy — PPiy — Pi Pl
Using (2.5) in (3.48), we get

Peyp = APy — PPy + PPy + PPl
This shows that
(3.49) Py = APy
if and only if
(3.50) PP — PPl — BP =0.
The equations (3.46) and (3.49) show that the P —
Ricci tensor Py, the curvature vector P, behave
as recurrent in since of Cartan if and only if
(3.47) and (3.50), respectively holds.
Thus, we conclude
Theorem 3.15. In G(BP) —RE,, P — Ricci
tensor Py, the curvature vector P, behave as
recurrent in the since of Cartan if and only if
Eqgs.(3.47)-(3.50), respectively holds.

4, Conclusion

We obtained the necessary and sufficient
condition for Cartan's third curvature tensor
R}y , Cartan's fourth curvature tensor K}, , the
associate curvature tensor K,,;, , the tensor
(Smjkh|ryr)v the  tensor (kah|j +PI§hCmsj -
j/k) and the tensor (9;Pi,) which are
generalized recurrent. We obtained the necessary
and sufficient condition for the some tensors
(Pmj = P (Cugj = C5iP& = j /KD, (OnPp),
(éij), P — Ricci tensor Pj, and the curvature
vector P, which behave as recurrent in G(BP) —
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REF,. We obtained the necessary and sufficient
condition for some tensors by using Cartan’s
second kind covariant derivative with Berwald
covariant derivative.

REFERENCES

1-

A. Alaa, A. Navlekar and K. Ghadle, On study
generalized  BP —recurrent  Finsler  space,
International Journal of Mathematics trends and
technology, VVolume 65, Issue 4, (2019), 74-79.
AH. Awed, On study of generalized P"—
recurrent Finsler space, M.Sc. Thesis, University
of Aden, (Aden) (Yemen), (2017).

A.H. Mohammed, On study of P"— recurrent
curvature tensors in different types of Finsler
space, M.Sc. Thesis, University of Aden, (Aden)
(Yemen), (2016).

A. Zafar and A. Musavvir, On some properties of
W-—curvature  tensor, Palestine Journal  of
Mathematices, Vol.3(1), (2014), 61-69.

C.K. Mishra and G. Lodhi, On C" — recurrent
and C* — recurrent Finsler spaces of second order,
Int. Jour. Contemp. Math. Sci., Vol.3, No.17,
(2008), 801 - 810.

F.Y. Qasem, On transformations in Finsler spaces,
D. Phil. Thesis, University of Allahabad,
(Allahabad) (India) (2000).

F.Y. Qasem and A.A. Abdallah, On certain
generalized  BR —recurrent  Finsler  space,
International Journal of Applied Science and
Mathematics, Volume 3, Issue 3, (2016), 111-114.
F.Y. Qasem and A.A. Abdallah, On study

generalized ~ BR —recurrent  Finsler  space,
International Journal of Mathematics And its
Application, Volume 4, Issue 2-B, (2016),
113-121.

F.Y. Qasem and A.A. Saleem, On generalized
BN —recurrent Finsler space, Elect-Vonic Aden
University Journal, No.7, (2017), 9-18.

F.Y. Qasem and A.M. Al — Qashbari, On study
generalized H" — recurrent Finsler space, Journal
of Yemen Engineer, Faculty of Engineering,

11-

12-

15-

16-

17-

18-

19-

20-

21-

IJSER © 2019

140

University of Aden, (Aden), (Yemen), Vol.14,
(2016), 49—-56.

F.Y. Qasem and A.M. Al — Qashbari, Certain
identities in generalized R"™ — recurrent Finsler
space, International Journal of Innovations Science
and Mathematics, Volume 4, lIssue 2, (2016),
66—69.

F.Y. Qasem and S.M. Baleedi, Necessary and
sufficient condition for generalized recurrent
tensor, Imperial Journal of Interdisciplinary
Research, Volume 2, Issue 11, (2016), 769 — 776.
H. Rund, The differential geometry of Finsler
spaces, Springer-Verlag, Berlin Géttingen, (1959);
2" Edit. (in Russian), Nauka, (Moscow), (1981).
K.C. Sarangi, and Anjali Goswami, On C -
recurrent Finsler space, Journal of International
Academy of physical Science, Vol.10, (2006),
17-24.

M. Matsumoto, On h —isotropic and C" —
recurrent Finsler, J. Math. Kyoto Univ., 11, (1971),
1-9.

N. L. Youssef, S.G. Elgendi, Ebtsam H. Taha,
Semi-concurrent vector fields in Finsler Geometry,
Differential geometry and its Applications, 65.
(2019) 1-15.

N.S. Hussien, On study of K"— recurrent Finsler
space, M.Sc. Thesis, University of Aden, (Aden)
(Yemen), (2014).

P.N. Pandey and Reema Verma, On R"—
Recurrent Finsler space, Journal of International
Academy of Physical Science, Vol.3, (1999),
11 - 26.

P.N. Pandey, S. Saxena and A. Goswani, On
a generalized H - recurrent space, Journal of
International Academy of physical Science,
Vol.15, (2011), 201- 211.

R. Verma, Some transformations in Finsler space,
Ph.D. Thesis, University of Allahabad,
(Allahabad), (India), (1991).

S. Dikshit, Certain types of recurrences in Finsler
spaces, D. Phil. Thesis, University of Allahabad,
(Allahabad) (India), (1992).

http://www.ijser.org


http://www.ijser.org/



