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ABSTRACT

In this paper we have studied Weyl- Sasakian Concircular, Weyl- Sasakian Conharmonic Recurrent Spaces and
Ricci-recurrent space of order two and obtained some new results. In continuation we have also studied Weyl—
Sasakian Concircular symmetric space, Weyl-Sasakian Conharmonic Symmetric Spaces and Weyl-Sasakian
Ricci symmetric space of order two and obtained some new results.
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INTRODUCTION
Matsumoto [1] have studied and defined Kaehlerian space with parallel or Vanishing Bochner Curvature tensor.
Negi and Rawat [2] have studied and defined Kaehlerian space with recurrent and symmetric Bochner
Curvature tensor. Otsuki [3] and Walker [8] have defined Ruse’s spaces of recurrent curvature and curves in
Kaehlerian space. Rawat and Silswal [4] studied and defined Kaehlerian bi-recurrent and bi-symmetric spaces.
Further, Rawat and Kumar [5] studied and defined Weyl-Sasakian projective and conformal bi-recurrent and
bi-symmetric spaces. Also, Singh [6] have studied and defined Kaehlerian recurrent and Ricci-recurrent space
of order two.
An n — dimensional Kaehlerian space K, be a Riemannian space, which defined a tensor field F/* and

satisfying by (Yano [9])

(1.1) F'Fi=-6/

(1.2) Fyj=—Fj; ,

(L3)Fij=F{" ga;
and (1.4) Fi}’lj=0,
where the comma (,) denotes the covariant differentiation with respect to the metric tensor g;jof the
Riemannian space. The Riemannian Curvature tensor field is denoted by R Z x > such that

(1.5) Rlty= 0;Tf; - 0, T + Tf T - THT
The Ricci tensor and the Scalar curvature in S,, are respectively given by

(1.6) Rij =Rl and R=g"Ry,
where scalar R is called the scalar curvature. If we define a tensor S; by

(1.7) Sij = F{*Rn; »
Then, we have

(1.8) Sij = =Sji »

(1.9) F/*Spj = -SunF*
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and  (1.10) FSji n= Rjix - Ry j-
Yano [9] is defined the metric tensor g;jand the Ricci-tensor R;; are mixed in 7and ;. Therefore, we get
(1.11) gij = 9pg FT F
and  (1.12) Rij = Ry FT F' .
Weyl-Concircular curvature and Weyl- Conharmonic curvature tensor in S, respectively give by the following

form
R
(1.13) Mi’}k=RF,-k—m<gi,-6£— 9ik;')
and (1.14) Lz]k Uk (- 2)(guRk ngRh"‘ RU(Sk lk(s_]h)
From equations (1.13) and (1 14), we can have

(1.15) Lz}k— Ml]k (glj5k —Yik ]) (n— 2)(guRk glth+Rl]6k lk6 )

n(n 1)

Weyl- Sasakian Concircular Recurrent Spaces and Conharmonic Recurrent Spaces of order two:
We have taken following definitions:
Definition (2.1): (Singh [7]) A Sasakian space satisfying the condition
(2.1) Rl]kpq Ap Rl]k 0,
where non-zero tensor A,,, is said to be Sasakian recurrent space of order two and denoted by S;* and is said to
be Sasakian Ricci-recurrent space of order two, if it satisfies by
(2.2) Rij pg— ApqRij=0,
Multiplying by g in equation (2.2), we have
(2.3) Rpg— ApgR =0,

Definition (2.2): A Sasakian space S, satisfying the Condition
(2.4) Ml]k pq~ quMuk 0,

where non-zero tensor 4,,, said to be Weyl — Sasakian Concircular recurrent space of order two and is denoted

Pq’

by M™*- space.

Definition (2.3): A Sasakian space S, satisfying the Condition
(2.5) Luk rqa- quLPiljk: 0,

where non-zero tensor 4,,, is said to be Weyl-Sasakian Conharmonic recurrent space of order two and is

P
denoted by L**- space. Now, we have taken the following Theorems in the form of results:

Theorem (2.1):

In a Sasakian space S,,, A Sasakian recurrent space of order two is Weyl — Sasakian Concircular recurrent space
of order two.

Proof : The set of equation (1.13) covariantly differentiating with respect to x”, and after differentiation

obtained result again covariantly differentiate with respect to x4, we have
h h Rpq h h
(2.6) Mijiepq=Rijk.pq 501591 Ok ~9irc 6 )-

Transvecting the set of equation (1.13) by 4,4, and subtracting the set of equation from (2.6) we have

(Rpg—ApqR)
(27)Mz]kpq quMihjk_ ijk,pq quRUk p‘z pq (gl]6k gtk6)

If the space is S,,""- space, then the set of equations (2.1) and (2.2) are satisfied and using the set of equations
(2.1) and (2.2) in (2.7), we have

Ml]kpq Ap Ml]k 0,
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this equation shows that (2.4) i.e., the space is Weyl — Sasakian Concircular recurrent space of order two or M™**
- space. Hence completes the proof.

Theorem (2.2):

In a Sasakian space S,,, A Sasakian recurrent space of order two is Weyl-Sasakian Conharmonic recurrent space
of order two.

Proof : Theset of equation (1.14) covariantly differentiating w.r. to xP, after differentiation obtained result

again differentiate covariantly with respect to x7, we have

h h
(2.8) Lljkpq Rukpq (n— 2)(911Rkpq ~Jik Jpq+ Rif,pq‘gk‘Rik.pq‘si )-

Transvectlng (1.14) by 4,4, then subtracting the set equation from (2.8), we have

Pa
. 9) ijk,pq— ’1 Luk Ruk pq A Ruk (n 2) [(Rk pq ’lquk)gu ( g pq 1 )glk

_(Rij.pq - quij)5k - (Rik.pq - ’lquik)‘Sih'
If the space is S,""- space, then the set of equations (2.1), (2.2) and (2.3) are satisfied and using the set of
equations (2.1), (2.2) and (2.3) in equation (2.9), we have

Uk pa~ v Lle‘ 0,
which implies that the space isWeyl-Sasakian Conharmonic recurrent space of order two. Hence completes the
proof.
Theorem (2.3):
In a Sasakian space S,,, if the space is Ricci-recurrent of order two and the space is Weyl — Sasakian
Concircular recurrent space of order twothen the space is Weyl-Sasakian Conharmonic recurrent space of
order two.
Proof: The set of equation(1.15) covariantly differentiating with respect to x”, and after differentiation

obtained result again differentiate covariantly w.r.to x9, we have

(2 10) Lukpq Ml]kpq +n(n 1) (glj6k glk8 )

T 2)(911Rkpq ~Jik Jpq+ Rij,pq‘gk lkpq51
Transvecting equation (1.15) byA
(2.11) L pg— Aog L= M2

then subtracting the set of equation from (2.10), we have

(Rpg—ApgR)
ijk,pq /1 Ml]k f:én—_i;l(gij&?—gikdjh)"

pq
ijkpq—
- m[ (Ripq= 2paRiDGij = (R pg= Apg R Girc+

+(Rij,pq B quRij)Slil - (Rik,pq B quRik)‘SJh)]'

Using the set of equation (2.1), (2.2), (2.3), (2.4), (2.5) in (2.11), we have
Luk T qL =0,

which implies that the space is Weyl-Sasakian Conharmonic recurrent space of order two. Hence competes the

ijk —
proof.

Theorem (2.4):
In the scalar recurrent of order two, the space is Weyl-Sasakian Conharmonic recurrent space of order two iff
the space is Sasakian recurrent space of order two.
Proof: Let M**- space be S,,""- space, then the set of equation (2.1) and (2.4) are satisfied and using (2.3) in
(2.7), we have

(2.12) (Rpq = ApgR (910 — gud) =0.
From (2.12) we have obtain the result which shows that the space is scalar recurrent of order two.
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Conversely, let the M**- space be scalar recurrent of order two, then the set of equation (2.3) is satisfied, then
using the set of equations (2.3) and (2.4) in (2.7), we have
(Rijk.pq= ApqRiji) =0,
which implies that the space is Sasakian recurrent space of order two. Hence completes the proof.
Weyl-Sasakian Concircular Symmetric Spaces and Conharmonic Symmetric Spaces of order two:
Definition (3.1) : A Sasakian space S, satisfying the Condition
(3.1) (@) Rl pg=0, or () Ryjkipg =0
is called Sasakian symmetric space of order two and is said to be Sasakian Ricci symmetric space of order two, if
it satisfies by
(B2)Rijpg=0
Multiplying equation (3.2) by g, we have
(3.3) R pq=0.

From the set of equation (3.1), we have obtained the result in the form of theorem:
Theorem (3.1):
A Sasakian symmetric space of order two is Sasakian Ricci-symmetric space of order two.
Definition (3.2): A Sasakian space S, satisfying the Condition

(B.4) (@ My, or (b) M, =0,
is said to be Weyl — Sasakian Concircular Symmetric space of order two.
Definition (3.3) : A Sasakian space S, satisfying the Condition

(3.5) (a) L?jk’pq=0, or (®) Lijkipq =0,
is said to be Weyl-Sasakian Conharmonic symmetric space of order two.

Theorem (3.2):

A Sasakian symmetric space of order two is Weyl-Sasakianconcirular symmetric space of order two.

Proof: Let the space is Sasakian symmetric space of order two, then equations (3.1) and (3.2) are satisfied and
using the set of equations (3.1) and (3.2) in (2.6), we have

M ihjk,pqzo ’

which implies that the space is Weyl — SasakianConcirular symmetric space of order two.

Theorem (3.3):

A Sasakian symmetric space of order two is Weyl-Sasakian Conharmonic symmetric space of order two.

Proof : Let the space is Sasakian symmetric space of order two, then the set of equations (3.1) and (3.2) are
satisfied and using the set of equations (3.1) and (3.2) in (2.8), we have

L?jk.pqzo’

which implies that the space is Weyl-Sasakian Conharmonic symmetric space of order two.

Theorem (3.4):

In a Sasakian space S,,, if the Space is Ricci-symmetric of order two and the Space is Weyl-Sasakian
Concircular symmetric space of order two then the Space is Weyl —Sasakian Conharmonic symmetric space of
order two.

Proof : Let the space is Sasakian Ricci - symmetric space of second order and the Space is Weyl-Sasakian
Concircular symmetric space of order two then the set of equation (3.4) and (3.5) are satisfies and using the set
equations (3.2), (3.4), (3.5) in (2.10), we have

Lijkpq = 05

which implies that the space is Weyl —Sasakian Conharmonic symmetric space of order two.
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CONCLUSION

In this paper we have studied a Sasakian recurrent space of order two is Weyl- Sasakian Concircular recurrent
space of order two, Weyl-Sasakian Conharmonic recurrent space of order two also we have obtained if the
space is Ricci-recurrent of order two and the space is Weyl — Sasakian Concircular recurrent space of order two
then the space is Weyl-Sasakian Conharmonic recurrent space of order two. In the scalar recurrent of order
two, the space is Weyl-Sasakian Conharmonic recurrent space of order two if the space is Sasakian recurrent
space of order two and conversely also true. In this continuation we have also studied a Sasakian symmetric
space of order two is Sasakian Ricci-symmetric space of order two, Weyl-Sasakianconcirular symmetric space
of order two, Weyl-Sasakian Conharmonic symmetric space of order two. Also if the Space is Ricci-symmetric
of order two and the Space is Weyl-Sasakian Concircular symmetric space of order two then the Space is Weyl

—Sasakian Conharmonic symmetric space of order two.
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