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Abstract. In this paper we investigate a—para Kenmotsu manifold with semi-symmetric
metric connection. We have found the relations between curvature tensors, Ricci tensors and
scalar curvature of a—para Kenmotsu manifold with semi-symmetric metric connection and with
metric connection. Also, we have proved some results on quasi-projectively flat, £ —projectively
flat, —projectively flat, conformally flat and £ —concircularly flat «—para Kenmotsu manifolds.
We have given two examples of it.

1 Introduction

In 1985, almost paracontact geometry was introduced by Kaneyuki and Williams [10] and then it
was continued by many authors. A systematic study of almost paracontact metric manifolds was
carried out by Zamkovoy [19]. However such structures were also studied by Buchner and Rosca
[[4], [5], [15]], Rossca and Vanhecke [12]. The curvature identities for different classes of almost
paracontact metric manifolds were obtained in [6]. Further almost para-Hermitian structures on
the tangent bundle of an almost para-coHermitian manifolds was studied by Bejan [1]. A class of
a—para Kenmotsu manifolds was studied by Srivastava and Srivastava [13] and £ —conformally
flat contact metric manifolds was studied by Zhen et al. [20).

We can observe from the form of the concircular curvature tensor that pseudo-Riemannian
manifolds with vanishing concircular curvature tensor are of constant curvature [[3], [16]]. Thus
one can imagine of the concircular curvature tensor as a measure of the failure of a pseudo-
Riemannian manifold to be of constant curvature.

Hayden introduced semi- symmetric linear connections on a Riemannian manifold [9]. Let M
be an n—dimensional Riemannian manifold of class C'*°—endowed with the Riemannian metric
g and V be the Levi- Civita connection on M™.

A linear connection V defined on M™ is said to be semi- symmetric [8] if its torsion tensor
T is of the form T(X,Y) = n(Y)X — n(X)Y , where £ is a vector field and 7 is a 1—form
defined by g(X, &) = n(X), for all vector fields X € x(M"™), where x(M") is the set of all

differentiable vector fields on M™. A semi- symmetric connection V is called a semi-symmetric
metric connection, if it further satisfies Vg = 0. A relation between the semi-symmetric metric

connection V and the Levi-Civita connection V on M™ has been obtained by Yano [17] which is
given by

VxY = VxY +(Y)X — g(X,Y)E. (1.1)

This paper is organized as follows. In Section 3, we have obtained curvature tensors and
Ricci tensors of a«—paracontact Kenmotsu manifold with semi symmetric metric connection. In
Section 4, we have found the relation between a second-order parallel tensor and the associated
metric on an a—para Kenmotsu manifold with semi symmetric metric connection. In Section
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5,6,7 and 8, we have focussed on some flat conditions for o —para Kenmotsu manifold with
semi symmetric metric connection.

2 Preliminaries

A differentiable manifold M™ of dimension n is said to have an almost paracontact (¢, £, ) —structure
if it admits an (1, 1) tensor field ¢, a unique vector field £, 1—form 7 such that:

@ =T-n®E& ¢ =0, nogp=0, 2.1)

n(&) =1, 2.2)

for any vector fields X,Y on M"™. The manifold M™ equipped with an almost paracontact
structure (¢, &,n) is called almost paracontact manifold. In addition, if an almost paracontact
manifold admits a pseudo-Riemannian metric satisfying:

9(X, &) =n(X), (2.3)
9(6X,8Y) = —g(X,Y) +n(X)n(Y), (2.4
9(¢X,Y) = —g(X, ¢Y), (2.5)

for any vector fields X,Y on M™, then (¢, &, 7, g), is called an almost paracontact metric struc-
ture and the manifold M™ equipped with an almost paracontact metric structure is called an
almost paracontact metric manifold. Further in addition, if the structure (¢, £, 7, g), satisfies

dn(X,Y) = g(X, ¢Y), (2.6)

for any vector fields X,Y on M™. Then the manifold is called paracontact metric manifold and
the corresponding structure (¢, £, ), g) is called a paracontact structure with the associated metric
g [19].

On an almost paracontact metric manifold, one defines the (1,2) tensor field N, by

where [¢, ¢] is the Nijenhuis tensor of ¢. If N, vanishes identically, then we say that the manifold
M™ is a normal almost paracontact metric manifold. The normality condition implies that the
almost paracomplex structure J defined on M™ x R by

d d
T(X A7) = (X + A& n(X) ),

is integrable. Here X is tangent to M ™, ¢ is the coordinate on R and A is a differentiable function
on M™ x R.

For an almost paracontact metric 3—dimensional manifold M3, the following three condi-
tions are mutually equivalent [14]:

(1) there exist smooth functions «, 3 on M? such that

(Vxo)Y = B(g(X,Y)§ —n(Y)X) + a(g(¢X,Y)§ —n(Y)dX), (2.8

(44) M? is normal,
(iii) there exist smooth functions «, 3 on M3 such that

Vx§ = a(X —n(X)§) + B X, (2.9)

where V is the Levi-Civita connection of pseudo—Riemannian metric g.
A normal almost paracontact metric 3—dimensional manifold is called
(A) Para-Cosymlectic manifold if « = 8 = 0 [6],

(B) quasi-para Sasakian manifold if and only if « = 0 and 3 # 0 [7],
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(C') B—para Sasakian manifold if and only if & = 0 and j3 is a non-zero constant, in particular
para Sasakian manifold if 3 = —1 [19],

(D) a—para Kenmotsu manifold if « is a non-zero constant and 8 = 0 [20], in particular para
Kenmotsu manifold if o = 1 [2].

For a 3—dimensional manifold M3 with an almost para—contact metric structure (¢, &,7, g)
one can also construct a local orthonormal basis as follows:

Let U be coordinate neighbourhood on M and e; any vector field on U orthogonal to &.
Then ¢e, is a vector field orthogonal to both ey, ¢ and ||¢e;||> = —1. So, we have g(e,e1) =
1,g9(de1, pe1) = —1 and g(&,&) = 1. Hence we obtain orthonormal basis {e;, ¢e;,£} called a
¢—basis [19].

Remark 2.1. Since the Ricci tensor of Levi-Civita connection V is given by
S(K Z) = g(R(ehY)Za 61) - g(R((rbelyY)Za ¢€1) + Q(R(E, Y)Z,E)

On an n—dimensional connected almost paracontact pseudo—Riemannian manifold M™ the
curvature tensor R [11] and the projective curvature tensor P [18] are defined by

R(X,Y)Z =VxVyZ ~VyVxZ —VixyZ (2.10)

P(X.Y)Z = R(X,Y)Z - —[g(QY. 2)X — g(@QX. Z)Y], @1

where () denotes the Ricci operator.
Let M3(¢,&,7m,g) be an a—para Kenmotsu manifold [13], then we have

RX,Y)Z = (% +202){g(Y, 2)X — g(X,2)Y} (2.12)
(5 +30){n(X)g(¥. 2) = n(¥)g(X, Z)}¢

+(5 +3a){n(X)Y = n(Y)Xn(2).

Replace Z = £ in equation (2.12), we get

R(X,Y)¢ = o {n(X)Y —n(Y)X}, (2.13)
S(Y,2) = (5 + V(Y. 2) = (5 +3a”)n(Y ) (2), (2.14)
S(Y,€) = —2a%(Y), (2.15)

S(€,6) = —2a7,
(Vx0)Y = a(g(X,Y)¢ —n(Y)$X), (2.16)
Vxé = a(X - n(X)¢). (2.17)

From equation (1.1), we have

Vxé = (1+a)(X —n(X)e). (2.18)
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3 Curvature tensor on a—para Kenmotsu manifold with semi-symmetric

metric connection

Let M3 be a 3—dimensional a—para Kenmotsu manifold. The curvature tensor R of M3 with

respect to the semi-symmetric metric connection V is defined by

R(X,Y)Z =VxVyZ - VyVxZ -V xy| 2.
By using equations (1.1), (2.2), (2.3), (2.17) and (2.18), we get

R(X,)Y)Z = R(X,Y)Z—-(1+2a)[g(Y,2)X — g(X,Z)Y]
+(1+a)n(Y)X —n(X)Y]n(Z)
+(1+a)[n(X)g(Y, Z) —n(Y)g(X, Z)J¢.

From equation (3.2), we obtain that the curvature tensor R satisfies:

R(X,Y)Z+R(Y,Z)X + R(Z,X)Y =0,

Taking inner product of equation (3.2) with U and using equation (2.3), we have

9(R(X,Y)Z,U)

= g(R(X,Y)Z,U) - (1+2a)[g(Y, Z2)g(X,U) — g(X, Z)g(Y,U)]
+(1+a)n(Y)g(X,U) —n(X)g(Y,U)]n(Z)
+(1+a)[n(X)g(Y, Z) = n(Y)g(X, Z)In(U).

3.1)

(3.2)

(3.3)

(3.4)

Let {e;, ¢e;, &} be alocal orthonormal ¢—basis of vector fields on a—para Kenmotsu mani-

fold M3. Then, we get

S(Y,Z) = (—1 + g “3a+ad)g(Y,Z)+ (1 - g a—3a?)(Y)n(2).

From equation (3.5), we have

r=—-2+4+1r—8a,
where r scalar curvature with semi-symmetric metric connection.
Replace Y = ¢ in equation (3.5), using (2.2) and (2.3), we get
S(Y,€) = —2a(1 + a)y(Y).

From equation (3.2) in interchange X to Y, we have

R(Y,X)Z = R(Y,X)Z-(1+2a)

From equations (3.2) and (3.8), we get

R(Y,X)Z = -R(X,Y)Z,
where R(X,Y)Z = —R(Y, X)Z.

(3.5)

(3.6)

(3.7)

(3.8)

(3.9)
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Replace Z = £ in equation (3.2), using equations (2.3) and (2.13), we have

R(X, V) =a(l+ a)(n(X)Y —n(Y)X). (3.10)
Replace X = ¢ in equation (3.10) and using equation (2.3), we get

R(E,Y)E = a(l + a)(Y —n(Y)E). 3.11)

4 Second-Order Parallel Tensor Field

Definition 4.1. A tensor 7" of second order is said to be a second-order parallel tensor if VT = 0,

where V denotes the operator of covariant differentiation with respect to the associated semi-
symmetric metric connection.

Here, we give the following result which established the relation between a second-order
parallel tensor and the associated metric on an a—para Kenmotsu manifold with semi-symmetric
metric connection.

Theorem 4.2. On an a—para Kenmotsu manifold M?> with semi-symmetric metric connection a
second-order parallel tensor is a constant multiple of the associated metric g .

Proof. Let h denote a symmetric (0,2)—tensor field a—para Kenmotsu manifold with semi-

symmetric metric connection on M3 such that VA = 0.
Then the condition satisfies

R(X,Y).h = 0,
R(X,Y).h(Z,U) = 0.
Then, we have
WR(X,Y)Z,U) + h(Z,R(X,Y)U) =0, @.1)

for any vector fields X,Y, Z, U € x(M?). Substituting X = Z = U = ¢ in equation (4.1),
we obtain

M(R(EY)EE) + h(&, R(EY)E) = 0. 4.2)
Using equation (3.2), we get

h(Y,§) = n(Y)h(E,€). (4.3)

Differentiating equation (4.3) with respect to semi-symmetric metric connection along an
arbitrary X € y(M?), using equations (2.18) and (4.3), we get

WX, Y) = g(X,Y)h(&,€). 4.4)

Again, Differentiating equation (4.4) with semi-symmetric metric connection covariantly along
any vector field on M3 it can be easily seen that h(€, £) is constant. O

Let us suppose that & is a parallel 2—form on M?> «a—para Kenmotsu manifold with semi-
symmetric metric, that is

h(X,Y) =—h(Y,X) and Vh=0. 4.5)

Theorem 4.3. Let M?> be an a—para Kenmotsu manifold with semi-symmetric metric connec-
tion. Then non-zero parallel 2—forms h cannot occur on M?>.
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Proof. For h the parallel form, we have from equation (4.5) that

h(&€) = 0. (4.6)
Differentiating equation (4.6) covariantly with semi-symmetric metric connection along ar-
bitrary X € x(M) and using equations (2.18) and (4.6), we have
h(X,€) =0. 4.7
Next, differentiating equation (4.7) covariantly with semi-symmetric metric connection along
any arbitrary Y € x (M) and using equation (2.18) and (4.7), we have
hMX,Y)=0. (4.8)

O

5 Quasi-Projectively flat and £ —Projectively flat o —para Kenmotsu
manifold with semi-symmetric metric connection

Let M™ be an n—dimensional a—para Kenmotsu manifold. The Projective curvature tensor P
of type (1, 3) with semi-symmetric metric connection is defined by

P(X,Y)Z = R(X,Y)Z — m[S(Y, Z)X - S(X, 2)Y). (5.1)

(i) An a—para Kenmotsu manifold M™ is said to be quasi-Projectively flat with semi-symmetric
metric connection, if

9(P(6X,Y)Z,¢U) = 0. (5.2)

(ii))An a—para Kenmotsu manifold M™ is said to be £ —Projectively flat with semi-symmetric
metric connection, if the condition satisfies

P(X,Y)¢ =0.

Theorem 5.1. A 3—dimensional quasi-Projectively flat a—para Kenmotsu manifold M?> with
semi-symmetric metric connection is n—Einstein manifold.

Proof. From equation (5.1), we have

P(X,Y)Z = R(X,Y)Z — %[S(Y, Z)X — S(X,Z)Y].

Taking inner product of above equation with U, we get

g(P(X, Y)Z7 U) = g(R(X, Y)Zv U) - %[S(Y, Z)Q(Xv U) - S(X7 Z)Q(K U)} (53)

Replace X = ¢X and U = ¢U in equation (5.3), we get

g(P(¢X,Y)Z,$U) (5.4)

= G(R(X,Y)Z,6U) ~ 3 [5(Y, 2)g(6X, 6U1) - 5(6X, 2)(¥, 6U)].

From equations (5.2) and (5.4), using equations (3.2) and (3.5), we get
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9(R(¢X,Y)Z, ¢U) (5.5)
1 2 1 2
= G+ 2 + % + %)Q(K 2)9(6X,0U) = (5 + % + % + %)g(qﬁX, Z)g(Y, ¢U)

4+ D)X, 0.

Let {e;, ¢er, &} be a local orthonormal basis of vector fields on «—para Kenmotsu manifold
M?3. Then, we get

S(Y.2) = (14 2 +a+a?)g(Y, 2) - %(1 + L a3l 2. 66

O

Theorem 5.2. If M3 be an a—para Kenmotsu manifold with semi-symmetric metric connection,
then M? is € —Projectively flat.

Proof. Putting Z = ¢ in equation (5.1), using equations (2.13), (3.2) and (3.7), we get

P(X,Y)¢=0.

Hence the theorem is proved. O

6 ¢@—Projectively flat —para Kenmotsu manifold with semi-symmetric
metric connection

Let M™ be an n—dimensional «—para Kenmotsu manifold with semi-symmetric metric connec-

tion is said to be p—Projectively flat, if ¢*(P(¢X, Y )¢Z) = 0, where P is the Projective curva-
ture tensor of a«—para Kenmotsu manifold with semi-symmetric metric connection. Suppose M"
be a p—Projectively flat «—para Kenmotsu manifold with semi-symmetric metric connection. It
is known that

?*(P(6X,6Y)6Z) = 0 holds if and only if g(P(¢ X, Y ) Z, ¢U)) = 0 6.1)
for any vector fields X,Y, Z, U € TM™.

Theorem 6.1. A 3—dimensional ¢—Projectively flat a—para Kenmotsu manifold M?> with semi-
symmetric metric connection is n—Einstein manifold.

Proof. We take equation (5.4), replace Y = ¢Y and U = ¢U , using equation (6.1), then

g(P(6X,6Y)6Z,6U) (6.2)
1 . —
= 3[5(6Y.02)g(6X,6U) - S(6X, 62)g(4Y, U)].

Using equations (3.2) and (3.5), we get

o?

1
9(R(OX.0Y)0Z.0U) = (5+ 3+ 73 +5)9(0Y.62)g(9X, 6U) (6.3)

1 r a o
—(5 tits*t 7)9(¢X7 0Z)g(¢Y, oU).
Let {e1, ¢e1, &} be alocal orthonormal basis of vector fields on «—para Kenmotsu manifold

M?3. Then, we get

S(Y,2) = (1+ 2+ 5 +a2)g(v,2) = (14 5 + 5 +a®n(¥)n(2). (6.4)

O
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7 Weyl conformal flat curvature tensor on oc—para Kenmotsu manifold with
semi-symmetric metric connection

The Weyl conformal curvature tensor C' of type (1,3) of M™ an n—dimensional a—para Ken-
motsu manifold with semi-symmetric metric connection is given by

C(X,Y)Z (7.1)
= R(X,Y)Z- m[é(y, Z)X — S(X, Z2)Y + g(Y, 2)QX
—9(X, 2)QY] + Dy AX — (X 2)Y],

where () Ricci operator with respect to the semi-symmetric metric connection.
An a—para Kenmotsu manifold M" is said to be Weyl conformal flat with semi-symmetric

metric connection, if C' =0

Theorem 7.1. Let M? be a 3-dimensional Weyl conformal flat a—para Kenmotsu manifold M3
with semi-symmetric metric connection is n—Einstein manifold

Proof. Taking inner product equation (7.1) with U, we get

9(C(X,Y)2,U) (72)

= g(R(X, Y)27 U) - [S(Yv Z)g(X, U) - S(X’ Z)Q(Yv U)

+9(Y, 2)g(QX.U) — g(X, 2)g(QY, U)]

9(Y,Z)g(X,U) —g(X, Z)g(Y,U)].

N 3|

_|_

An a—para Kenmotsu manifold M? is said to be Weyl conformal flat with semi-symmetric met-

ric connection, if g(C'(X,Y)Z, U) = 0 and using equations (2.12), (2.14), (2.15), (2.16), (3.2), (3.4), (3.5)
and (3.6), we get

S(Y,2) = (5 +a?)g(¥. 2) = (5 +3a”)n(Y)n(2).

8 &—concircularly flat o —para Kenmotsu manifold with semi-symmetric
metric connection
Let (M™, g) be an n-dimensional a—para Kenmotsu manifold with semi-symmetric metric con-

nection. The con-circular curvature tensor L [16] of M™defined by

L(X,Y)Z = R(X,Y)Z — ﬁ[g(

Y, Z)X —g(X, 2)Y], (8.1)

for vector fields X,Y, Z € TM™.
A a—para Kenmotsu manifold M™ is said to be {—concircularly flat with semi-symmetric
metric connection, if the condition satisfies E(X ,Y)E=0.

Theorem 8.1. Let M?> be an a—para Kenmotsu manifold with semi-symmetric metric connec-
tion. Then M? is é—con-circularly flat if and only if r = (1 — 2a — 6a2).
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Proof. From equation (8.1), we have
L(X.Y)Z = R(X.Y)Z - (lg(¥. 2)X — g(X.2)Y].
Putting Z = ¢ in above equation, using (2.14) and (3.2), we get

- —1 47+ 2a+ 602

L(X,Y)§ = ( G )In(X)Y —n(Y)X]. (8.2)

This implies that E(X, Y)¢ = 0ifand only if 7 = (1 — 2a — 6a2). O

Example 8.2. Let 3—dimensional manifold M3 = R? x R_ C R? with the standard Cartesian co-
ordinates (z, y, z). Define the almost paracontact structure (¢, £, n) with semi-symmetric metric
connection on M? by

per =e2, der =€y, ¢pe3 =0, {=e3, n=dZ (8.3)

where e; = a%’ e = 8%, and e3 = %. By calculations,

[0, ¢](ei,e5) —2dn(e;,e) =0; 1<i<j<3 (8.4)

which implies that the structure is normal.
Let g be the pseudo-Riemannian metric defined by

gler,er) = exp(2z), glez,e2) = —exp(2z), gles,e3) =1, (8.5)
gler,e2) = 0, g(er,e3) =0, glez,e3) =0

Let V Levi-Civita connection with metric g, then we given

le1,e2] =0, [er,e3]) =0, [ez,e3]=0

For Levi-Civita connection V of the metric g is given by

Zg(VXYa Z) = Xg(Y,Z) +Y9(Z’X) - Zg(X,Y) +g([X,Y],Z)
—9([Y, 2], X) + 9([Z, X].Y)

which is known as Koszuls formula, we have

Veer = —exp(2z)es, Veer =0, Ve e3=el (8.6)
Veer = 0, Ve,e2 =exp(2z)es, Ve,e3 =€
Veer = el Ve, €2 = €2, Ve,e3 =0

Therefore, the semi-symmetric metric connection on M is given by

Veer = —2exp(22)es, Veer =0, Ve ez = 2e; (8.7)
Veer = 0,  Veer=2exp(22)e;, Ve,e3 =2e;
ﬁ6361 = 617 ﬁ6362 = eZa v63,63 = 0

Now, for £ = e3, above results satisfies

V€ = (1+a)(X — (X))

with a = 1. Consequently M>(¢,&,7,g) is a—para Kenmotsu manifold with semi-symmetric
metric connection.
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Example 8.3. Let 3—dimensional manifold M> = R?>x R_ C R? with the standard Cartesian co-
ordinates (z,y, z). Define the almost paracontact structure (¢, £,n) with semi-symmetric metric
connection on M? by

el = ey, per = —ey, ¢pe3 =0, {=e3, n=dZ (8.8)

_ .0 _ .0 _ 2 .
where e = 24, 2 = Yoy and e3 = 7. By calculations,

which implies that the structure is normal. Let g be the pseudo-Riemannian metric defined by

gler,er) = exp(z), g(es,e2) = —exp(z), g(es,es) =1, (8.10)
gler,e2) = 0, g(er,e3) =0, g(ez,e3) =0

Let V Levi-Civita connection with metric g, then we given

le1,e2] =0, [er,e3] =0, [ez,e3] =0.

‘We have
1 el
Velel = 75 exp(z)e3, Velez = 0, V6163 = E (811)
1 €2
Veer = 0, Ve,e2 = 3 exp(z)es, Ve,e3 = 5
el €2
ve3€] ?7 Ve3€2 = 37 Ve3e3 = 0

Therefore, the semi-symmetric metric connection on M is given by

- 3 _ - 3
Veer = -3 exp(z)es, Veea =0, V.e3= Sel (8.12)
Veer = 0, Veer= 3 exp(z)es, Ve,e3 = 56

iNA € = e —

v€361 - 517 v6362 - ?27 V6363 = O

Now, for £ = e3, above results satisfies

Vx€ = (1+a)(X —n(X)E)

with o = % Consequently M3(¢, €, 7, g) is a—para Kenmotsu manifold with semi-symmetric
metric connection.

References

[1] C. L. Bejan, Almost parahermitian structures on the tangent bundle of an almost para-coHermitian mani-
fold, In: The Proceedings of the Fifth National Seminar of Finsler and Lagrange Spaces. 105-109 (1988),
Soc. vert, Stiin te Mat. R. S. Romania, Bucharest, (1989).

[2] A. M. Blaga, n—Ricci solitons on para-Kenmotsu manifolds, arXiv:1402. 0223v1 [math.DG] 2 Feb
(2014).

[3] D.E. Blair, J. S. Kim, and M. M. Tripathi, On the concircular curvature tensor of a contact metric mani-
fold, J. Korean Math. Soc. 42 (5), 883-892 (2005).

[4] K. Buchner and R. Rosca, Vari” etes para-coK " ahlerian “ a champ concirculaire horizontale, C. R. Acad.
Sci. Paris. 285 ,723-726 (1977).



Kenmotsu manifolds 307

(3]

(6]
(7]

(8]

(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]
[18]

[19]
[20]

K. Buchner and R. Rosca, Co-isotropic submanifolds of a para-coK " ahlerian manifold with concicular
vector field, J. Geometry 25, 164—177 (1985).

P. Dacko, On almost para-cosymplectic manifolds, Tsukuba J. Math. 28, 193-213 (2004).

S. Erdem, On almost (para)contact (hyperbolic) metric manifolds and harmonicity of (¢, ()-holomorphic
maps between them, Houst. J. Math. 28(1), 21-45 (2002).

A. Friedmann, and J. A. Schouten, Uber die Geometric der halbsymmetrischen Ubertragung, Math. Zs.
21, 211-223 (1924).

H. A. Hayden, Subspaces of space with torsion, Proc. London Math. Soc. 34 , 27-50 (1932).

S. Kaneyuki and FL. Williams, Almost paracontact and parahodge structures on manifolds, Nagoya Math.
J. 99, 173-187 (1985).

B. O’Neill, Semi Riemannian Geometry with Applications to Relativity, Academic Press, New York
(1983).

R. Rossca and L. Vanhecke, S’ur une vari” et’e presque paracok “ahl” erienne munie d’une connexion
self-orthogonale involutive, Ann. Sti. Univ. “Al. I. Cuza” la si. 22, 49-58 (1976).

K. Srivastava, and S . K. Srivastava, On a Class of a— Para Kenmotsu Manifolds, Mediterranean Journal
of Mathematics, (2014).

J. Welyczko, On Legendre curves in 3—dimensional normal almost paracontact metric manifolds, Result
Math. 54, 377-387 (2009) .

J. Welyczko, On basic curvature identities for almost (para)contact metric manifolds, arXiv:1209.4731v1
[math.DG] 21 Sep (2012).

K. Yano, Concircular Geometry, I-IV. Proc. Imp. Acad. Tokyo 16 , 195-200, 354-360, 442-448, 505-511
(1940).

K. Yano, On semi - symmetric connection, Rev. Roum. Math. Pure Appl. 15, 1570-1586 (1970).

K. Yano, and M. Kon, Structures on Manifolds, Series in Pure Mathematics, vol. 3. World Scientific,
Singapore (1984).

S. Zamkovoy, Canonical connections on paracontact manifolds, Ann. Glob. Anal. Geom. 36, 37-60 (2009).

G. Zhen, J. L. Cabrerizo, L. M. Fernandez, and M. Fernandez, On £—conformally flat contact metric
manifolds, Indian J. Pure Appl. Math. 28(6), 725-734 (1997).

Author information

Rajendra Prasad and Sushil Kumar, Department of Mathematics and Astronomy, Universiy of Lucknow,
Lucknow, India.
E-mail: rp.manpur@rediffmail.com and sushilmath20@gmail.com

Received: December 12, 2015.

Accepted: May 15, 2016.



	1 Introduction
	2 Preliminaries
	3 Curvature tensor on -para Kenmotsu manifold with semi-symmetric metric connection
	4 Second-Order Parallel Tensor Field
	5 Quasi-Projectively flat and -Projectively flat -para Kenmotsu manifold with semi-symmetric metric connection
	6 -Projectively flat -para Kenmotsu manifold with semi-symmetric metric connection
	7 Weyl conformal flat curvature tensor on -para Kenmotsu manifold with semi-symmetric metric connection
	8 -concircularly flat -para Kenmotsu manifold with semi-symmetric metric connection

