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ABSTRACT: In this paper, we have defined and studied the decomposition of
recurrent curvature tensor field in a Kaehlerian manifold of first order by
considering the decomposition of recurrent curvature tensor in terms of a non-
zero vector and a tensor fields. Also, several other theorems have been derived.
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1. INTRODUCTION.
A 2n- dimensional Kaehlerian manifold K" is a Riemannian space, if it
admits a structure tensor F"; satisfying (Yano, 1965):
11 FyFh=-8,
(1.2) Fy=-Fj (Fj=F%gy) and
(13) F';=0,
Where the comma (,) followed an index denotes covariant differentiation with
respect to the metric tensor g;; of the Riemannian space.
The Riemannian curvature tensor field Rhijk, is given by
14 Ry=a{"3-a4"3+6"34"F-4" '3
Whereas the Ricci tensor and the scalar curvature are respectively given by R;; =
R%; and R = R;; . The Ricci tensor satisfies the following identities:
(15) I:ai I:Qaj = - I:Qia Faj;
(1.6) F4R,=R%F,
(1.7) FLR%F=-R|
(1.8) F,R%=-R,F
(1.9) F4R%.=0.
If we now define a curvature tensor S;; by
(1.10) S; = - F% Ry. Then we have
(1.11) S;=-S; And
(1.12) F%Sy=-Si F%
It is well known that these tensors satisfy the identity given by (Tachibana
1967)
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(1.13) Raijk’a: Rjk,i - Rik,j

The Kaehlerian holomorphically projective recurrent curvature tensor
P"i«, are given by (Sinha 1973)

(1.14) Phijk = Rhijk + - (Rik 6hj - R Shi + Sik th — Sjk Fhi + ZSij Fhk),
n+2

The Bianchi identities in K" are given by

(115) Rhijk + thki + thij =0 and

(1.16) R+ Riaj + Rlig =

Definition (1.1): A Kaehlerian space is said to be recurrent, if we have
(Singh 1971)
(1.17) R"ka-2aR"j%=0,
for some non-zero recurrence vector A,, and is called semi-recurrent (or Ricci-
recurrent), if it satisfies
(1.18) Rija-2aR;j=0. )
Multiplying the above equation by g", we get
(1.19) R.-2,R=0
Remark (1.1): From (1.2) it follows that every Kaehlerian recurrent space is
Kaehlerian Ricci-recurrent space but the converse is not necessarily true.

2. DECOMPOSITION OF RECURRENT CURVATURE TENSOR
FIELDS IN A KAEHLERIAN MANIFOLD OF FIRST ORDER.
We consider the decomposition of recurrent curvature tensor field Rhi,-k
in the following form (Singh, 1982):
(21) R = X" v Oy
Where V' is a non-zero vector field and X", ®jj are two non-zero tensor fields
such that (Negi and Gairola, 2010):
2.2) X" =P, and
(2.3) A V=1
P, is called decomposed vector field and this is a non-zero vector field.
Definition (2.1): The vector field A, and the tensor field X", given by
equations (1.17) and (2.1) behave like recurrent vector and recurrent tensor
fields and their recurrent forms are given by (Singh 1982)

(2.4) Aam = HmAq
and
(2-5) xhI,m =Vn Xh| ,
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Where puy,and vy, are non-zero recurrence vector fields.

Definition (2.2): Under the decomposition (2.1), the decomposed
vector fields P, is have like a recurrent vector field and its recurrent form is
given by (Singh 1982)

(2.6) Pim=(tm + Vm) Py

We shall prove the following:

Theorem (2.1): Under the decomposition (2.1), the Bianchi identities
for R" take the forms (Takano, 1967)
(2.7) Djj + Djyi + Py =0, (Pj=-Dy;)  and
(2.8) MaDi + A Dika + ADigj= 0.

Proof: From equations (1.15), (1.16), (1.17) and (2.1), we get
(2.9) X' V! (@i + Dy + Diij) =0 and
(2.10) XNV (@i + A Dia + MDig) = 0.
The identities (2.7) and (2.8) follow immediately from these

equations and the fact X", v! #0.

Theorem (2.2): Under the decomposition (2.1), the vector field v/
and the tensor field @ be have like recurrent vector and recurrent tensor fields.

Proof: Multiplying equation (2.8) by v and using relation (2.3), we
obtain
(211) (Dijk = 7\4( (Dij — )qu)ik
Where @ V= is a tensor fields.

Therefore, the relation (2.1) takes the form

(2.12) R%ic= X" V' (M@ — 4Dy )
Differentiating equation (2.12) covariantly with respect to x™ and
using equations (1.17), (2.4), (2.5), (2.12), we get
(2.13) (M@ — 4 DPik) V' i = V' [Vin( A Dike — Me®ij) +pm (4 ik — A @ij)]
Multiplying this equation by v?, we obtain
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(2.14) (@i — N D) V' V' 1 = VIV Vi A ik — M) it (A Dike — e @y)]
This yield
(2.15) VAV o=V,
Since V' # 0, there exists a proportional non-zero vector field , such
that
(2.16) V'n = myV
Therefore, V' is recurrent vector field.
Further, differentiating equation (2.1) covariantly with respect to x™
and using equations (1.17), (2.1), (2.4), (2.5), (2.11), we obtain
(217)  Dijkm = (An — Vi —7m) Dij
Hence, ®jj is recurrent tensor field.
If vi,+ T, #0, we have
Theorem (2.3): Under the decomposition (2.1), the vector field X" V'
Is recurrent with the recurrence vector field (v, + 7).
Proof: Differentiating the vector field X" v' covariantly with respect
to x™and using equation (2.5) and (2.16), we get the proof.
On the other hand, if v,,+ n, =0, we have
Theorem (2.4): Under the decomposition (2.1), @ will be recurrent
with the same recurrence vector A, as the curvature tensor field Rhijk.
Proof: The proof follows immediately from equation (2.17).
Theorem (2.5): Under the decomposition (2.1), the vector field v' and
tensor fields Rhijk, R, ®ij« satisfying the relations
(2.18) MRk =AiRk — 4Ry = PV Dy

Proof: With the help of equations (1.13), (1.17) and (1.18), we obtain

(219) 7\4h Rhijk = 7\4 Rjk - 7\.1' Rik
Multiplying equations (2.1) by A, and using relation (2.2), we obtain
(220) A Rhijk = P VI (Dijk

From equations (2.19) and (2.20), we get the relations (2.18).
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Theorem (2.6): Under the decomposition (2.1), the curvature tensor
Rhijk and Kaehlerian holomorphically projective curvature tensor fields are equal
iff
(2.21) Shj DOy — 6hi Dj + Dy (th Fai - Fhi Faj) +2 FhkF ai D, = 0.

Proof: Equation (1.14) may be expressed in the form
(2.22) Phijk = Rhijk + Dhijk
where

1
(2.23) DMy = - (Ri 8" — Ry 8" + Sii ' — Sy F + 2855 F™),
n+2

Contracting indices h and k in (2.1), we obtain
(224) Rij = Xk| VI (Dijk ,
With the help of equation (2.24), we have
(2.25) Sij = FiR,=F4 X V' @y,
Making use of equations (2.24) and (2.25) in (2.23), we obtain

Xr| VI
(2.26) D = e [ 8 — Djr 8 + e (FjF5 — F' F9)
(n+2)
+2 F P Dy

From equation (2.23), it is clear that P" = R"; iff D"j=0, which in view of
equation (2.26) becomes

(227) Diyr Shj - (I)jkr Shi + Dy, (th Fai — Fhi Faj) +2 FhkF ai (Dajr =0.
Multiplying this equation by v"and using the relation
Dy V¢ = Dy,

We have the required equation.

Page | 493
Research Guru: Online Journal of Multidisciplinary Subjects (Peer Reviewed)



Research Guru: Volume-12, Issue-4, March-2019 (ISSN:2349-266X)

REFERENCES

[1]. Yano, K., Differential Geometry on Complex and Almost Complex
Spaces. Pergramon Press, London (1965).

[2]. Takano, K., Decomposition of curvature tensor in a recurrent space, Tensor
(N.S.), Vol.18, No.3, (1967), pp.343-347.

[3]. Singh, S.S., On Kaehlerian spaces with recurrent Bochner curvature.
Acc. Naz. Dei Lincei, Rend, Vol. 51, No. (3, 4), (1971), pp. 213-220.

[4]. Sinha, B.B., On H-curvature tensors in Kaehler manifold. Kyungpook
Math. J., 13, No.2, (1973), pp. 185-189.

[5]. Singh, A.K., On decomposition of recurrent curvature tensor fields in
a Kaehlerian space. Journ. Ind. Math. Soc., Vol. 46, (1982), pp. 231-237.

[6]. Negi,U.S. and Kailash Gairola, On decomposition of curvature tensor
fields in a Kaehlerian recurrent space, International Trans. in Mathematical
Sciences and Computer, Volume 3, No.1, (2010), pp.161-165.

[7] Negi.U.S., The Study of Structure and Operators on Almost Kaehlerian
Spaces, Global Journal of Theoretical and Applied Mathematics Sciences
(GJTAM), Volume 6, Number 2 (2016), pp. 129-142.

[8] Negi, U.S., On the Topology of Almost Kaehlerian Manifolds, Ultra
Scientist, Vol. 28(1) A, (2016), pp. 43-46.

[9] Negi, U.S., On Kaehlerian conharmonic bi-recurrent spaces, Jnanabha, Vol.
47(11), (2017), pp. 229-234.

[10] Negi, U.S., Geometrical interpretation of an analytic HP-transformation in
almost Kaehlerian spaces, International Journal of Mathematical Archive- 9(1),
(2018), pp. 18-22.

Page | 494
Research Guru: Online Journal of Multidisciplinary Subjects (Peer Reviewed)



