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Abstract

ture tensor of para-Kenmotsu manifold with the help of a new zene
(0,2) symmetric tensor Z introduced by Mantica and Sub.  Vario
metric properties of pencralized pseado-projective eurvature tensar of
Kenmotsu manifold have been studied. Tt is shown that 2 zeneralized o
projeclively g-syminetric para-Kenmotsu manifold is an Einstein mar
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1 Introduction

The projective tensor is one of the major curvature tensors. The study of
pseudo-projective curvature tensor has been a very attractive field for in‘»'es_.iga-
tions in the past decades. A tensor field P was defined and studied in 2002 b+
Bhagwat Prasad [18] on a Riemannian manifold of dimension n, which includes
projective curvature tensor P. This tensor field P referred to as pseudo-projective
curvature tensor. In 2011, H.G. Nagaraja and G. Somashekhara [14] extended
pseudo-projective curvature tensor in Sasakian manifolds. After 2012, the pseudo-
projective curvature tensor analysis in LP-Sasakian manifolds was resu;ned by
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Y.B. Maralabhavi and G.S. Shivaprasanna [12). 1n 2016, 5 Mallicl ¥ 1 500 =
U.C. De [11] defined and studied o space Cime with oo o joess e oprmmt e
tensor. Subsequently, several researchers performmed oostudy of o
curvature tensor in a number of dircetions, such as 4, 5, 13, 15, 17. 21 22 Tre
pscudo-projective curvature tensor is defined Ly [14)

pele .t arr, Lgars Sesg,
AU e e ) P

P(X,Y,U) =aR(X,Y,U) + b[S(Y, U)X - S(X.U)Y]
el ( B i b) gV, U)X - g(X.U)Y]

n \n—1

Ay

where a and b are constants such that a, b # 0 and J? is the curvature sensor
is the Ricci tensor and r is the scalar curvature tensor.

The notion of an almost para-contact manifold was introduced be 1. Sase 19
Since the publication of [26], paracontact metric manifolds have been =tudiad o
many authors in recent years. The importance of para-Kenrmeos:
been pointed out especially in the last vears Ly several papers highlizh h
changes with the theory of para-Kéahler manifolds and its role in sermni-Hiermanniz-
geometry and mathematical physics [3. 7, &. 20].

of para-Kenmotsu manifolds and study some properties of generalize
projective curvature tensor. The organisation of the paper is z= il
ter preliminaries on para-Kenmotsu manifold in Section 2. we descrit
the generalized pseudo-projective curvature tensor on para-Kenrmois
in Section 3 and also we study some properties of generalized pseudc
curvature tensor in para-Kenmotsu manifold. In Section 4. we stu

ized pseudo-projectively semi-symmetric para-Kenrmotsu manifold i
manifold. Further in the Section 5, we show that a generalized pseudo-p
Ricei semi-sgrmmetric para-Kenmotsu manifold is either Einstein man:

T

suf LL"E;“_";) (2=1) 6n it. In the last section we show that the generali

2 Preliminaries

An n-dimensional differentiable manifold M™ is said to have almost pars-
contact structure (¢, &,n), where ¢ is a tensor field of type (1.1). £ is a vector
field known as characteristic vector field and 1 is a 1-form =atisfyving the follows

relations
$*(X) = X — n(X)e,
n(¢X) = 0, (3)
o(g) =0, 4
and
n(€) = 1. ] 5)
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. if the manifold . as a semi-Riemanuian

= g{X.E \o

and
g X.0Y) = —g(X.Y)+ (X )n(Y). (7)
Then the structure (o.£.7. g) satisfying conditions (2) to (7) is called an almeost
para-contact Riemannian structure and the manifold M™ with such a structure is

called an almost para-contact Riemann 1d [1. 19].

Now we briefly present an account of an analozue

t metric structure {(&.§

\

(VamY = g(X.Y) — g{X)n@). )

7 R(X.Y.Z)) = g(X.Z)n(Y) — g(Y. Z)n(X). (10)
R(X.Y.€) = n(X)Y — n(Y)X. (11)
R(X.£.Y) = —R(£.X.Y) = g(X.Y)¢ — n(¥)X. (12)
S(eX.0Y) = —(n—1)g{oX.oY ). (13)
S(X.8)=—(n— 1)n(X). 14)

Qf = —(n — 1)£, 13
r=—n(n—1), (16)

for any vector fields X.Y.Z . where @ is the Ricci operator that is g(QX.Y) =
S(X.,Y). S is the Ricci tensor and r is the scalar curvature.

In A. M. Blaga [2]. gave an example on para-Kenmotsu manifold:

Example 1. We consider the three dimensional manifold M° = {{wr.y.2) €
R3. z # 0}, where (z,y.z) are the standard co-ordinates in X%, The vector fields
a a a
€] i= ——,€2 1= —.€3 1= — —
1 ar 2 dy - o=
are linearly independent at each point of the manifold.
Define
a
¢i=—Q@dr+ —Sdy,§ 1= ———.n:= —d=z.
; Ay & oz = WY =" d

iA
P"F\“CE%C‘.\ - Anupet’
Gowt. Tulst COTTRE, 0

Lo} ¥

Digtt. AnUpr
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g:=dr Zdr —dy2dy—~dz7dz.

Then it follows that

CE] = €.0E3 = €).0€3 = 0.
nley) =0.plez) =0.n(e3) = 1.
Let ¥ be the Levi-Civita connetion with respect to metric g. Then. we have
ler.e2] =0.les.es] =0.[e3.€1] =10

The Riemannian connection V of the metric g is deduced from Koszul's formula
20(VXxY.Z)=X(g(Y.Z)) +Y(g(Z.X)) — Z(9({X.Y))
—glX. V.Z])+g(Y.[Z.X]) + g(Z.[X.Y]).

o

Then Koszul's formula yields

These results shows that the manifold satisfies
Vx{=X—n(X)£

for € = e3. Hence the manifold under consideration is para-Renmotsu manifold

of dimension fhree.

A para-Kenmotsu manifold is said to be an n-Einstein manifold if its Ricci
tensor S is of the form

S(X.Y) = ag(X.Y) + bn(X)n(Y) (17)

for the vector fields X.Y , where a and b are functions on M.

3 Generalized pseudo-projective curvature tensor of
para-Kenmotsu manifold
In this section, we give a brief account of generalized pseudo-projective cur-
vature tensor of para-Kenmotsu manifold and study various gecometric properties
of it.

The pseudo-projective curvature tensor of para-Kenmotsu manifold M™ is
given by the following relation:

P(X.Y.U) =aR(X,Y,U) + b[S(Y. U)X — S(X,U)Y]

r a PR R (18)
e (;l-_—_l +b) [g(Y. U)X —g(X,U)Y],
QINCPAE pqupet
?\s\co\\age ™ )
G°“6fe:\. pepP
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Also. the type (0.4) tensor tield P is given by
PLY.UV) = B YU V) + BS(Y U)X, V) - S(X,U) :
FiE a . - (19
VLV - = [ ——+ ) [o(¥. UDg(X. 1) = g( X, (Y V)],
no\n—
where - )
BV = g(P(XL Y 0) V)
and .
"RNLYLULY) = alB(X YL )
for the arbitrary vector fields X, Y ULV
Differentiating covariantly with respeet to 7 in equation (18), we get
(VuPIX YN =a(Vu RN + (VS L X
(20)

g T dr(3) a ) b VN — ol X UYL
—(Vi-S)X U)Y] - T (:-!f +5) o)X~ ol ]
Divergence of pseudo-projective curvature tensor in equation (L&) is given by
(dieP)Y(X. X)) = a(die RN Y)U) + B{(Vx S, U)
[a <+ bl — 1) Vi () 91)
—(VyS)XN.U)] —(dru!l ”K”_-“ 0 [ Y. {7 )die (. (

—g(X. U)div(Y)].

But ) o ”

' (divR)(X,Y)U) = (TS U) — (VyS)IX, ). (22)
From equations (21) and (22). we have

{t;!t f'}[ NX.YI) = = {a + b)l Vs "(‘! U) — [v\ & }( N, U ) - {:hc‘r) )

(23

& Oin Jm) U)div(X) — g(X, U)die(Y)).
T n(n—1)

Definition 2. An almost paracontact structurn (&2 & 1, 9) is said to be locally
pseudo-projectively symmetric if
(24)

(V{j-’F)(.Y. M, Lhy=q;

for all vector fields N, Y, U, W € T,MM.
Definition 3. An almost paracontact structure (¢, &0n.g) s said to b locally
pseudo-projectively G-symmelric if

(25)

HF((PwP)X, Y U)) =0,

for all vector fields XY, U, W orthogonal to &.

e r—
—

—
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