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ABSTRACT

In this paper we study o projective ¢-recurrent Kenmotsu menifold and
show that projective ¢-recurrent Kenmotsu manifold hoving a non-
zero constant sectional curvature is locally projective ¢-symmetric.
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1. Introduction

In 1977, T. Takahashi [5] introduced the notion of locally ¢ -symmetric Sasakian
manifold and obtain few of its interesting properties. The authors [2] and [7], have
extended this notion to 3-dimensional Kenmotsu and trans-Sasakian manifolds
respectively. Also the authors [3] and [6] studied @ -recurrent Sasakion and Kenmotsu
manifold respectively. In this paper we study a projective @-recurrent Kenmotsu
manifold and obtain some interesting results. Here we show that a projective
@-recurrent Kenmotsu manifold is an Einstein manifold and a projective @-recurrent
Kenmotsu manifold having a non-zero constant sectional curvature is locally
projective @-symmetric.,
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2. Preliminaries

Let M***1(g, £ 1, g) be a Kenmotsu manifold with the structure (@, & 7, g). Then
the following relations hold [4]:

1)  ¢*=-1+n®¢
22 (=1 B g, 8=nX)., () e=0 [d)n°9=0
(2.3)  gleX, ) = g(X,Y) - n(X)n(Y),
24) (v, 0)Y = ~g(X,g")¢ ~ niY)pX,
2.5)  (a) V€= X-niX)¢E, (b} (Vm)Y = (X, Y) — n(X)n(Y)
(2.6) RIX,Y)E = n(X)Y — Y} X
(2.7)  RIX.8Y =g(X,Y)E - nV)X
(2.8)  nR(X,Y)Z) = glX, Z)n{Y) - Y, Z)n(X)
2.9 S(X.8=-2nn(X)
(210)  S(@X,@Y) = S(X, Y} + 20n(X)n(Y)

for all vector fields X, Y, Z, where v denotes the operator of covariant differentiation
with respect to g, ¢ is a (1, 1) fensor field, S is the Ricci tensor of type (0, 2) and
R is the Riemannian curvature tensor of the manifold.

Definition 2.1. [2] A Kenmotsu manifold is said to be locally @ -symmetric if
@*((VwRNX, Y)Z)=0, | 2.11)

for all vector fields X, Y, Z, W orthogonal to E.

Definition 2.2. A Kenmotsu ‘manifold is said to be locally projective
@ -symmetric if '

P> (VW P)X,Y)Z)=0, - . (2.12)

for all vector fields X, Y, Z, W orthogonal to £



Definition 2.3. A Kenmotsu manifold is said to be projective @ -recurrent manifold
if there exists a non-zero 1-form A such thot

@ (Vo PYX,Y)Z) = AIW)P(X,Y)Z (2.13)

for arbitrary vector fields X, Y, Z, W, where P is a projective curvature tensor given

by [1],

P(X. Y2 =R(X,Y}Z—z]—n[S(Y,Z)X—S(X,Z)Y] (2.14)

If the 1-form A vanishes, then the manifold reduces to a locally projective
@ -symmetric manifold.

3. Projective @-recurrent Kenmotsu Manifold

Let us consider a Projective ¢ -recurrent Kenmotsu manifold. Then by virtue of
{2.1} and {2.13) we have

— (VL PUXYIZ+n((V,, PUX,Y)ZYE = AW)P(X,Y)Z (3.1)

from which it follows that

~ gV PYX,YIZ,U) + 7{(V,PUX,Y)Z)nU) = AW)g(P(X,Y)Z,U)  (3.2)

Again from (3.1) we have

(VWPHX,Y)Z = nl(V P} (X, Y)Z)E - AWIP(X,Y)Z | (3.3)

This implies,
(VW RIX, Y)Z =7{(V,R)X, Y)Z)E - AW)R(X, Y)Z

+ o (VuSIY, 2 - (9,5)X,2)Y)

- % (VW SIY. Z)7X) = (T S)X, Z) Y )E

+ % AW [SIY, Z) X = S (X, Z)Y (3.4)
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From (3.4} and the Bianchi identity we get

AWIHR(X,Y)Z) + AXIR(R(Y, W)Z) + AY)nRIW, X)Z)
- QL AWIIS(Y, Z)n(X) = SX, Z)n(Y))
N .2]? AXIISW, Z)n(Y)=S(Y, Z)niw)]
+ 5% A(Y)[S(x,zm(W) - S(wW, Z)ﬁ(X)} ' (3.5)

By virtue of (2.8) we obtain from (3.5} that
AW [n(Y)g(X, Z) - n(X)g (Y, Z) + A(X) (nW)g(Y, Z)-n(Y)g(W, Z)]
+ AY)[n(X)gW, Z} - nW)g(X, Z))

- ,QJ; AWISLY. Z)n(X) - S(X, Z)n(Y)]
' % AXISIW, Z)n(Y) - S{Y, Z)n(w)]
N _2% AYISIX, Z)n(W) - SIW, Z)n(X)] (3.6)

Putting Y = Z = e. in (3.6} and taking summation over i, 1< i < 2n+1, we get
AW) n(X) = AlX) n(w), (3.7)
for all vector fields X, W.
Replacing X by & in (3.7), we get
AW) = n{W) nip), | (3.8)

for any vector field W, where A{#) = g(£, p) = 1p), p being the vector field associated
tothe 1-form A i.e., g{X, p} = A(X).

18



From (3.7) and (3.8}, we state the following:

Theorem 3.1. In o projective ¢-recurrent Kenmoisu manifold (M2, gl
{n > 1), the characteristic vector field £ and the vector field p associated to the
1-form A are co-directional and the 1-form A is given by (3.8).

From (2.14) it follows that
(VuPIX,Y)E = (VR) (X, Y)E -Q—L[(sz) (Y, 6] ~ (Vi S)X. &)Y

Using (2.5), (2.6) and {2.9) in the above equation, we have

(ViPYX,YIE = [g(W, X) =n{W)n{X)IY ~ [g(W, Y} o{W)n{Y)1X

—RX, Y)W ~n(W)¢) (3.9)

By virtue of (2.8}, it follows from (3.9} that |

VW PYX,Y¥E) =0 (3.10)
Using (3.9) and (3.10} in (3.1), we have

~[gtW, X) = nW)n(X)} + fg(W. Y) - n{W)nlY)] + RIX Y)W - piwpg) 3.11)

= AWR{X, Y)E — (niX}Y — n(Y)X)]

Again using (3.8} and (2.6) én {3.11) we obtain
R YIW = [g(X, WY - g{Y, W) X] 3.12)

Hence we can state the following:

Theorem 3.2. A projective @-recurrent Kenmotsu manifold (M2, gl, (n=>1),
is a space of constant curvature.

19



We now suppose that a Kenmotsu manifold (M**!, g}, (n > 1), is projective
@ -recurrent, Then from {3.3) and (3.9), it follows that

{(VWP)X, Y)Z =[g(Y, WglX, Z)~ o[X, W)glY, Z)+g(R(X, YW, Z))¢  (3.13)
— AIW)B(X,Y)Z

Next, we suppose that in a projective @ -recurrent Kenmotsu manifold, the sectional
curvature of a plane 7 < T.M defined by

Kelm) = g{R(X, Y)Y, X),

is a non-zero constant k, where {X, Y} is any orthonormal basis of . Then we
have

gliVLRIX, Y}Y, X)= 0 {3.14)

From {2.14}, we have
(VPNYIY = (T,RIX VY - %{(vzsmv}x ~(V,SHX, YIV]

Using (3.14) and the above equation we have

gw;m&nnxﬁo | (3.15)
By virtue of (3.15) and (3.1} we obfain

g((VzP)(X,Y)Y,é)n(X) = A(Z)glP(X. Y}Y, X) (3.16)

Since in a projective @ -recurrent Kenmotsu manifold, the relation (3.]3)' holds
good. Using {3.13}in (3.16) and on simplification we get

np)=0

Hence by (3.8} we obtain from (2.13) that

*((VuP)X,Y)Z)=0
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This leads to the following theorem:

Theorem 3.3. If o projective @ -recurrent Kenmotsu manifold (M*>*1, g}, (n>1),
has @ non-zero constant sectional curvature, then it reduces fo a locally projective
@ -symmetric manifold.

References

1. Arindam Bhattachorye, “A Type of Kenmotsu Manifolds”, Ganitha 54(1}(2003), 59-62.

2. U.C. De, and G. Pathak, “On 3-D}mensionci Kenmotsu Manifolds”, Indian J. Fure, Appl.
Maoth. 35(2) {2004), 159-165.

3. U.C. De, et al. “On ¢-Reéurreﬁr Sasakian Manifold”, Novi. Sod J. Moth. 33(2) (2003),
43-48. ‘

4, K. Kenmotsu, “A Class of Almost Contact Riemannian Manifolds”, Tohoku Math. 1, 24
(1972}, 93-103.

5, Takahashi, T., “Sasakian ¢ -symmetric spaces”, Tohoku Math. S, 29 (1977}, 91-113.
b, Venkatesha and C.5. Bagewadi, “On ¢ -Recurrent Kenmotsu Manifolds” Communicated.

7. Venkatesha and C.5. Bagewadi, “On 3-Dimensional trans-Sasakian quifoids",
Communicated,

21





