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Abstract. The object of the present paper is to generalize W,-curvature tensor of para-Kenmotsu manifold
with the help of a new generalized (0,2) symmetric tensor Z introduced by Mantica and Suh [11]. Various
geometric properties of generalized W,-curvature tensor of para-Kenmotsu manifold have been studied. It
is shown that a generalized W, ¢-symmetric para-Kenmotsu manifold is an Einstein manifold.

1. Introduction

The W, and E-tensor fields were introduced by G.P. Pokhariyal and R.S. Mishra [15] in 1970. They
studied these tensor fields and their relativistic significance in a Riemannian manifold. Further, in 1980,
G.P. Pokhariyal [14] carried out the study of these tensor fields in a Sasakian manifolds. Later on, in 1986,
properties of W, and E-tensor fields were further explored by K. Matsumoto, S. Ianus and I. Mihai [12] on
P-Sasakian manifolds . The W,-curvature tensor has been studied by many other authors such as U.C. De
and A. Sarkar [7], A. Yildiz and U.C. De [21] and many others. The W,-curvature tensor is defined by [15]

Wa(X, Y, U) = RO, Y, 1) + ——=[9(X, L)QY — (%, L)QX] (1)

where Q is a Ricci tensor of type (1,1), i.e., S(X, Y) = g(QX, Y); S being the type (0,2) Ricci tensor. Afterwards

several researchers have carried out the study of W,-curvature tensor in a variety of directions such as
[13,18, 19].

Several years ago, the notion of paracontact metric structures were introduced in [8]. Since the publi-
cation of [3-5, 22], paracontact metric manifolds have been studied by many authors in recent years. The
importance of para-Kenmotsu geometry, have been pointed out especially in the last years by several pa-

pers highlighting the exchanges with the theory of para-Kihler manifolds and its role in semi-Riemannian
geometry and mathematical physics [6, 9, 10, 17].
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In this paper, we consider the generalized W,-curvature tensor of para-Kenmotsu manifolds and study
some properties of generalized W,-curvature tensor. The organisation of the paper is as follows: After
preliminaries on para-Kenmotsu manifold in section 2, we briefly describe the generalized W,-curvature
tensor on a para-Kenmotsu manifold in section 3 and also study some properties of the generalized W,-
curvature tensor in a para-Kenmotsu manifold. In section 4, we prove that a generalized W, semi-symmetric
para-Kenmotsu manifold is an 7-Einstein manifold. Further in the section 5, we show that a generalized
W, Ricci semi-symmetric para-Kenmotsu manifold is either an Einstein manifold or ¢ = 0 on it. In the last
section, we prove that a generalized W, ¢-symmetric para-Kenmotsu manifold is an Einstein manifold.

2. Preliminaries

The notion of an almost para-contact manifold was introduced by I. Sato [16]. An n-dimensional
differentiable manifold M" is said to have almost para-contact structure (¢, &, 17), where ¢ is a tensor field of
type (1,1), £ is a vector field known as characteristic vector field and 7 is a 1-form satisfying the following
relations

P*(X) = X - n(X)E, 2)

n(@X) =0, (©)

$E)=0 4)
and

ne) =1. ®)

A differentiable manifold with an almost para-contact structure (¢, £, ) is called an almost para-contact
manifold. Further, if the manifold M" has a semi-Riemannian metric g satisfying

nX) = 9(X, &) (6)
and
9(PX, 9Y) = —g(X, Y) + n(X)n(Y), ()

then the structure (¢, &, 1, g) satisfying conditions (2) to (7) is called an almost para-contact Riemannian
structure and the manifold M" with such a structure is called an almost para-contact Riemannian manifold
[1,16].

On a para-Kenmotsu manifold [2, 17], the following relations hold:

(Vx®)Y = g(¢X, )& = n(Y)PX, (8)
Vxé =X -n(X)¢, 9)
(VxnY = g(X, Y) = n(X)n(Y), (10)
NRX, Y, 2)) = g(X, Z)n(Y) — g(Y, Z)n(X), (11)
RX, Y, &) =n(X)Y - n(Y)X, (12)
R(X,&Y) = -R(E, X, Y) = g(X, V)E = n(V)X, (13)
S(@X, ¢Y) = —(n - 1)g(¢X, §Y), (14)
S(X, &) = —(n - n(X), (15)

Q& =—-(n-1), (16)
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r=-nn-1), (17)

for any vector fields X, Y, Z, where Q is the Ricci operator, i.e., 9(QX,Y) = S(X, Y), S is the Ricci tensor and r
is the scalar curvature.

In [2], Blaga has given an example of para-Kenmotsu manifold:

Example 2.1. [2] We consider the three dimensional manifold M3 = {(x,y,2) € R3,z # 0}, where (x,y,z) are the
standard co-ordinates in R3. The vector fields

d d d

e1 = 5, €y = @, e3 = —E

are linearly independent at each point of the manifold.
Define

d d d
¢ = @®dx+ £®dy, &= —o M= —dz,

g =dx®dx—-dy®dy +dz®dz.
Then it follows that

Qer = ey, Per =e1, Pe3 =0,

n(e1) =0, ne2) =0, n(es) = 1.

Let V be the Levi-Civita connetion with respect to metric g. Then, we have
ler,e2] =0, [e2,e3] =0, [es,e1] =0.
The Riemannian connection V of the metric g is deduced from Koszul’s formula

29(VxY, Z) = X(9(Y, Z)) + Y(9(Z, X)) = Z(9(X, Y))
—9X [V, Z]) + 9(Y,[Z,X]) + 9(Z, [X, Y]).

Then Koszul’s formula yields
Veer=—e3, Veer =0, Vees=ey,
Ve,e1 =0, Ve =e3, Vees =e,

Veer =e1, Veer=e, Vee3=0.

These results show that the manifold satisfies
Vxé = X - n(X)¢,
for & = e3. Hence, the manifold under consideration is para-Kenmotsu manifold of dimension three.
A para-Kenmotsu 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), (18)

for any vector fields X, Y, where a and b are functions on M".
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3. Generalized W;-curvature tensor of a para-Kenmotsu manifold

744

In this section, we give a brief account of generalized W,-curvature tensor of a para-Kenmotsu manifold

and study various geometric properties of it.

Now we consider W,-curvature tensor field for the para-Kenmotsu manifold which is given by the

following relation

Wa(X, Y, U) = R(X, Y, U) +

1
=X QY — (¥, LHOX].

Also, the (0,4) type tensor field ‘W, is given by

1

WX, ,UV)="RX YUV
2( 7 /LI/ ) (/ /L[/ )+(Tl_1)

[9(X, L)S(Y, V) = g(Y, )S(X, V)]
where
Wa(X, Y, U, V) = g(Wa(X, Y, U), V)
and
‘RIX, Y, U V) = gRX, Y, U),V)
for arbitrary vector fields X, Y, U, V.

Differentiating covariantly equation (19) with respect to V, we get

(VyWo)(X, U = (VvR)(X, Y)U +

1
=1 [9(X, H(VvQ)Y = g(¥, U)(VyQ)X].
Divergence of W,-curvature tensor given by equation (19), is

1

(n-1)

(dioW>)(X, )U = (divR)(X, Y)U + [9(X, U)(div(Q)Y) = g(¥, U)(div(Q)X)].

But
(divR)(X, V)U = (VxS)(Y, U) = (VyS)(X, U),

By equations (22) and (23), gives

(@ioWs)(X, V)U = (VxS 1) = (W)X U] + s

A new generalized (0, 2) symmetric tensor Z is defined by Mantica and Suh [11]
ZXY)=5XY)+¢g(XY),

where 1) is an arbitrary scalar function.
From equation (25), we have

Z(PX, 9Y) = S(@X, ¢Y) + Yg(PX, PY),

which, on using equations (7) and (14), gives

Z@X, ¢Y) = [ = (n = DI[-g(X, Y) + n(X)n(Y)].

[9(X, U)(div(Q)Y) — g(¥, U)(div(Q)X)]-

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)
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From equation (20), we have

WoX, Y, U, V) = 'RIX, Y, U V) + [9(X, L)S(Y, V) = g(¥, L)S(X, V)] (28)

(n=1)

In view of equation (25), the above equation reduces to

WX, Y, U, V) = 'R(X, Y, U, V) + L[Z(Y, V)g(X, U) - Z(X, V)g(Y, U)]

(n _4;1) (29)
+m[9(Y, (X, V) = g(Y, V)g(X, U)].
We now put
WX, YU V)="RXYUV)+ Tz i 0 [9(X, U)Z(Y, V) — g(Y, ) Z(X, V)]. (30)
Then from the equation (29), we get
WX, YU V)="Wo(X, Y, V) - %[Q(X, V)g(Y, U) — g(Y, V)g(X, U)]. (31)

The tensor field ‘W, defined by equation (30) is called the generalized W,-curvature tensor of para-
Kenmotsu manifold.

Obviously if =0, then from equation (31), we have
WX, YU V) = "Wo(X, Y, U, V). (32)
Thus, we may write the following theorem.

Theorem 3.1. If the scalar function { vanishes on the para-Kenmotsu manifold, then the Wo-curvature tensor and
generalized Wo-curvature tensor coincide.

Theorem 3.2. Generalized Wo-curvature tensor "W of a para-Kenmotsu manifold is

(a) skew symmetric in the first two slots,
(b) skew symmetric in the last two slots,
(c) symmetric in the pair of slots.

Proof: (a) From equation (31), we have

WX, U V) = "ol X, U V) = o2 90X W V) - g5 g, V) 33)

Now adding equations (31) and (33) and using the fact that
MWo(X, Y, U V) + "Wa(Y, X, U V) =0,

we get
Wy(X, Y, U, V) = =Wy, X, U, V),

which shows that the generalized W,-curvature tensor ‘W7 is skew symmetric in the first two slots.
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(b) Again, from equation (31), we have

Y

WX, Y, V,U) = "Wa(X, Y, V, U) - )

[9(Y, V)g(X, U) = g(X, V)g(Y, U)]. (34)

Now adding equations (31) and (34) and using the fact that
WX, YU V) + W (X, Y, V,U) =0,
we obtain
WHX, Y, U V) = ="Wy(X, Y,V L),
which shows that the generalized W,-curvature tensor 'Wj is skew symmetric in the last two slots.

(c) From equation (31), interchanging pair of slots, we have

WUV, 1) = Walll,V,X 1) = =2 (U Vg0V, 30 = (U X090, V) 35)

In view of the fact that
WX, Y, U V) = "W (U V, X, Y),
we get from equations (31) and (35)
WX, LU V) = WU VX, Y),

which shows that the generalized W,-curvature tensor ‘W7 is symmetric in pair of slots.

Theorem 3.3. Generalized W,-curvature tensor of a para-Kenmotsu manifold satisfies Bianchi’s first identity.

Proof: From equation (31), we have

WX, 1) = Wa, D) = -2 g LDX - g L)) (36)

Writing two more equations by cyclic permutations of X, Y and U in the above equation, we get

WS, 30 = Wa(X, U, X) = sl XY = 06 0U) 37)

and

WAL X,Y) = Wl X, 1) = a6 MU = (U V0L (39)

Adding equations (36), (37) and (38) and using the fact that
Wo(X, Y, U) + Wo(Y, U X) + Wa(U, X, Y) =0,

we get
Wi (X, Y, U) + Wi (Y, U, X) + Wi(U, X, Y) =0,

which shows that the generalized W,-curvature tensor of a para-Kenmotsu manifold satisfies Bianchi’s first
identity.
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Theorem 3.4. Generalized Wy-curvature tensor of a para-Kenmotsu manifold satisfies the following identities:

-1
(a) Wi(E, Y, U) = ~Wy(Y, &, U) = [%] awy + L B IQY = (U] (39)
. n—-1+1vy
() Wy(X,Y,) = [ﬁ] (XY = 10X+ =5 [X)QY = n(NQX] (40)
(© MOV, YY) = s (W Ynew) = g0V, M @y
Proof: (a) Putting X = & in the equation (36), we have
WHE Y L) = Wa(e, Y1) = gy e - (6, W)Y

which, on using equations (6), (13), (16), (19), yields the desired result.

(b) Again, putting U = & in the equation (36), we have

WA ,6) = Wa( %, 6) — oo X - g(x Y.

Now, using equations (6), (12), (19) in the above equation, we obtain the required result.

(c) Taking the inner product with £ in equation (36), we have

AWV, ) = ROV, V, ) = 2ot Yn) = oW V),

which, on using equations (11), (16), (19), gives the desired result.

4. Generalized W, semi-symmetric para-Kenmotsu manifold
Definition 4.1. A para-Kenmotsu manifold is said to be semi-symmetric if it satisfies the condition
R(X,Y)-R =0, (42)

where R(X, Y) is considered as the derivation of the tensor algebra at each point of the manifold.

Definition 4.2. A para-Kenmotsu manifold is said to be generalized W semi-symmetric if it satisfies the condition
R(X,Y)-W; =0, (43)

where W is the generalized Wa-curvature tensor and R(X,Y) is considered as the derivation of the tensor algebra at

each point of the manifold.

Theorem 4.3. A generalized W, semi-symmetric para-Kenmotsu manifold is an n-Einstein manifold.
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Proof: Consider (R(&, X) - Wy)(U, V,Y) =0,

for any vector fields X, Y, U, V, where W} is generalized W,-curvature tensor.
Then we have

In view of the equation (13), the above equation takes the form

0 =n(Wy(U, V, Y))X =" Wy(LL V, Y, X)& = n(L)W5(X, V, Y) + g(X, L)W, (&, V, Y)
— (VWU X, Y) + g(X, V)W, (U, £, Y) = n(Y)W,(U, V, X) + (X, Y)W, (U, V, £).

Taking the inner product of above equation with & and using equations (5), (16), (31), (39), (40) and (41), we
get

WV, Y, X) = —ﬁ[g(x, (VYY) - g%, Vinhnn)]
n—1+vy
+ [W] g(X, Un(V)n(Y) = g(X, )n(¥)n(v)

n-1+1v
- [W} g&X, VinU)n(Y) + g(X, V)n(¥)n(U).

By virtue of equation (20), the above equation reduces to

'RAUV,Y,X) = —ﬁ[g(lf, U)S(X, V) — g(y, V)S(X, U)].

Let {e; : i = 1,2,...,n} be an orthonormal basis with V,e; = 0. Putting X = U = ¢; in the above equation and
taking summation over 7, we get

S(Y, V) = —ng(Y, V) + n(Y)n(V).

This shows that the generalized W, semi-symmetric para-Kenmotsu manifold is an 7-Einstein mani-
fold.

5. Generalized W, Ricci semi-symmetric para-Kenmotsu manifold
Definition 5.1. A para-Kenmotsu manifold M is said to be Ricci semi-symmetric if the condition
RXY)-S=0, (45)

holds for all vector fields X, Y.

Definition 5.2. A para-Kenmotsu manifold is said to be generalized W, Ricci semi-symmetric if the condition
Wi(X,Y)-S=0, (46)
holds for all vector fields X, Y, where W} is generalized Wh-curvature tensor of a para-Kenmotsu manifold.

Theorem 5.3. A generalized W, Ricci semi-symmetric para-Kenmotsu manifold is either an Einstein manifold or
Y =0onit.
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Proof: Consider
W&, X)-5)(U, V) =0,
which gives
S(W5(E, X, U), V) + S(UW;L(E, X, V) =0.
Using equations (15), (16) and (39) in the above equation, we get

Y
(n-1)

[SX, V) + S(X, )n(V)] + plg(X, U)n(V) + g(X, V)n(U)] = 0.

Putting U = ¢ in the above equation and using (5), (6) and (15), we get
PISX, V) + (X, V)(n = 1)] = 0,

which gives either ¢ = 0 or
S(X,V)=-(n-1g(X, V).

This shows that the generalized W, Ricci semi-symmetric para-Kenmotsu manifold is an Einstein manifold.

6. Generalized W, ¢-symmetric para-Kenmotsu manifold
Definition 6.1. A para-Kenmotsu manifold M" is said to be locally ¢-symmetric if

P*(VvR)(X, Y, 1)) = 0, (47)
for all vector fields X, Y, U, V orthogonal to &.
Definition 6.2. A para-Kenmotsu manifold is said to be ¢-symmetric if

P*(VvR)(X, Y, 1)) =0, (48)
for all vector fields X, Y, U, V.

These notions were introduced by Takahashi for Sasakian manifold [20]. Analogous to these definitons, we
consider

Definition 6.3. A para-Kenmotsu manifold M" is said to be a generalized W, locally ¢-symmetric para-Kenmotsu
manifold if

P (Vv W3)(X, Y, ) = 0, (49)
for all vector fields X, Y, U, V orthogonal to &.

Definition 6.4. A para-Kenmotsu manifold M" is said to be a generalized W, ¢-symmetric para-Kenmotsu manifold

if
P*(VyWy)(X, Y, U)) =0, (50)
for all vector fields X, Y, U, V.

Theorem 6.5. A generalized W, ¢-symmetric para Kenmotsu manifold is an Einstein manifold.
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Proof: Taking the covariant derivative of equation (36) with respect to the vector field V, we obtain

dr(y)
(n-1)

Using equation (21) in the above equation, it yields

(VyI)X, v, U) = (VyR)(X, Y, U) - ﬂ[g(l/, )X -g(X, U)Y]

[g(X, )(VvQ)Y — g(¥, U)(VvQ)X],

(VyWo)(X, Y, U) = (Vi W2)(X, Y, U) —

(51)

1
HUESY)

Assume that the para-Kenmotsu manifold is generalized W, ¢-symmetric, i.e., satisfies
PH(VvWH)(X, Y, 1) =0,

for all vector fields, which on using equation (2), gives
(VW)X Y, U) = (Ve Wo)(X, Y, L)<

Using equation (52) in the above equation, we get

(VyR)(X, Y, U) - ﬂ[ (Y, U)X = g(X, )Y)] +

(n-1)

[9(X, )(VvQ)Y = g(Y, U)(VvQ)X]

dr(y)
(n—1)

N((VvQ)Y) = g(¥, n((VvQ)X)IE,

1
(n—l)

[9(Y, U)n(X) — 9(X, U)n(Y)]E

MU

Taking the inner product of the above equation with W, we get

dr(y)
(n-1)

L[ Wyg(Vv Q)Y W) — g(¥, W)g((VyQ)X, W)]

(n—-1)
= n((VvR)(X, Y, LI))n(W) — . (¢1>)

g(VvR)(X, Y, U), W) = ——=[g(Y, L)g(X, W) — g(X, U)g(Y, W)]

[9(Y, U)n(X)n(W)

—g(X, n(YV)n(W)] +

— (Vv QY)W)
—g(% (Vv QX)W

Putting X = W = ¢; in the above equation and taking the summation over i, we obtain

1
(n-1)

—dr()g(Y, U) = n((VvR)(e;, Y, U))n(ei) —

dr(y)
(n-1)

Taking U = £ in the above equation, we have
(VvS)(Y, &) = n((VvR)(e;, Y, E))nlei) — dr(ip)n(Y)
[dr(V)n(Y) — n((VvQ)enn(eHn(Y)] = 0.

(VvS)(Y, U) + —=[g((VvQ)Y, U) — g(Y, L)g((VvQ)ei, e;)]

QI

—g(Y, n((VvQenn(e)] + ——=[g(¥, U) = n(Y)n()] = 0.

(53)

1
(n—1)
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The second term on L.H.S. of equation (53) takes the form and denoting it by E which is of the form

E = n((VvR)(e;, Y, E))n(e) = g(VvR)(ei, Y, &), E)glei, €).

In this case E vanishes. Namely we have

g(VvR)(ei, Y, &), &) = g(VyR(e;, Y, £), &) = g(R(Vve;, Y, €), &)

— g(RE, VY, €),8) - g(R(er, Y, VyE), ). &9
Since Vye; = 0 and using equation (12) in (54), we get
J(R(e; VoY, 8), ) = 0.
In view of g(R(e;, Y, &), &) + g(R(, &, Y), e;) = 0, we have
g(VvR(e;, Y, &), &) + g(R(e;, Y, &), Vvé) = 0.
Using this fact in equation (54), we get
J(VVRYe, Y, €),6) = 0. (55)

Also

n((VvQlenn(en) = g(VvQei, E)glei, &) = g(VvQ)E, &)
Using equations (9) and (15), we get

n((VvQ)en(ei) = 0. (56)
Using equations (55) and (56) in (53), we have

1
(n-1)

(VvS)(Y, &) = dr()n(Y) + dr(V)n(y). (57)

Taking Y = £ in the above equation and using equations (5) and (15), we get

dr(V)
(n-1)

dr(y) = - (58)

which shows that r is constant. Now, we have

(VvS)(Y, &) = VyS(Y, &) = S(VvY, &) = S(Y, Vyé).
Then by using (9), (10), (15) in the above equation, it follows that

(VvS)(Y, &) = =S(Y, V) = (n — 1)g(Y, V). (59)
So from equations (57), (58) and (59), we get

SLV) =—=(n=1g(¥, V),

which shows that M" is an Einstein manifold.

7. Acknowledgement

The authors are grateful to the anonymous referee for his / her valuable comments.



T. Raghuwanshi et al. / Filomat 36:3 (2022), 741-752 752

References

(1]
[2]
[3]
(4]

[5]
(6]

[7]

(8]

[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]
[22]

T. Adati and T. Miyazava, On Para-Contact Riemannian manifolds, Tru Math., 13(2), (1977) 27-39.

A. M. Blaga, n-Ricci Solitons on para-Kenmotsu manifolds, Balkan J. Geom. Appl., 20, (2015) 1-13.

A. M. Blaga and S. Y. Perktas, Remarks on almost n-Ricci solitons in (¢)-para Sasakian manifolds, Com. Fac. Ankara. Univ., (2019).

A. M. Blaga, S. Y. Perktas, B. E. Acet and F. E. Erdogan, n-Ricci solitons in (¢)-almost paracontact metric manifolds, Glasnik Math.
53(1), (2018) 205-220.

A. M. Blaga, Almost n-Ricci solitons in (LCS),,-manifolds, Bull. Belgian Math. Soc.-Simon Stevin 25(5), (2018) 641-653.

B. Cappelletti-Montano, I. Kupeli Erken and C. Murathan, Nullity conditions in paracontact geometry, Differ. Geom. Appl., 30,
(2012) 665-693.

U. C. De and A. Sarkar, On a type of P-Sasakian manifolds, Math. Reports 11(61) no.2, (2009) 139-144.

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

I. Kupeli Erken, Yamabe solitons on three-dimensional normal almost paracontact metric manifolds, Periodica Math. Hungarica,
DOI:10.1007/s10998-019-00303-3.

I. Kupeli Erken and C. Murathan, A complete study of three-dimensional paracontact (k, u, v)-spaces, Int. J. Geom. Meth. Mod. Phys.,
(2017) https://doi.org/10.1142/S0219887817501067.

C. A. Mantica and Y. J. Suh, Pseudo Z symmetric Riemannian manifolds with harmonic curvature tensors, Int. J. Geom. Meth. Mod.
Phys., 9(1), 1250004, (2012) 21 pages.

K. Matsumoto, S. Ianus and 1. Mihai, On P-Sasakian manifolds which admit certain tensor fields, Publ. Math. Debrecen 33, (1986)
61-65.

S. K. Pal, M. K. Pandey and R. N. Singh, On a type of projective semi-symmetric connection, Int. J. of Anal. and Appl., (N.S.), 7(2),
(2015) 153-161.

G. P. Pokhariyal, Study of new curvature tensor in a Sasakian manifold, Tensor (N. S.), 36, (1982) 222-226.

G. P. Pokhariyal and R. S. Mishra, The curvature tensors and their relativistic significance, Yokohoma Math. J., 18, (1970) 105-108.

1. Sato, On a structure similar to the almost contact structure, Tensor, (N.S.), 30, (1976) 219-224.

A. Sardar and U. C. De, n-Ricci Solitons on para- Kenmotsu manifolds, Differential Geometry Dynamical Systems, Vol. 22, (2020)
218-228.

R. N. Singh, S. K. Pandey and G. Pandey, On a type of Kenmotsu manifold, Bulletin of Mathematical Analysis and Applications,
4(1), (2012) 117-132.

R. N. Singh, M. K. Pandey and D. Gautam, On Nearly Quasi Einstein Manifold, Int. Journal of Math. Analysis, 5(36), (2011)
1767-1773.

T. Takahashi, Sasakian ¢-symmetric spaces, Tohoku Math. J., 29, (1977) 91-113.

A.Yildiz and U. C. De, On a type of Kenmotsu manifolds, Differential Geometry-Dynamical Systems, 12, (2010) 289-298.

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



