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GENERALIZED TANAKA-WEBSTER CONNECTION ON p-KENMOTSU
MANIFOLDS
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ABSTRACT. This research paper aims to study the postulates of the generalized Tanaka-
Webster connection (briefly, gT'Wc) on S-Kenmotsu manifolds. We find the curvature prop-
erties of a (B-Kenmotsu manifold concerning gTWc, and studied the conditions for the
¢-projectively flat, ¢-conformally flat and ¢-concirculary flat S-Kenmotsu manifolds along
with the same connection. Also, we have discussed the £-flat properties on same curvatures
for the S-Kenmotsu manifold admitting gTWec. At the end we provide an example to verify
some of our results.
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1. INTRODUCTION

The generalized Tanaka-Webster connection (gTWe) is a canonical affine connection de-
fined on a non-degenerated pseudo-Hermitian CR-manifold. The gT'Wc¢ was introduced by
Tanno [23] as a generalization of the connections defined at the end of 1976 by Tanaka in [22]
and Webster in [25]. These connections coincide with the Tanaka-Webster connection (TWc)
if the associated CR-structure is integrable. Many geometers studied some characterizations

of the gTWc on various manifolds. Recently, S.Y. Perktas et al. [I8], Ghosh and De [5] [7],
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Gautam et al. [6], Ayar and Cavusoglu [2], and many others have studied the properties of
this connection on distinct structures. Also, see [12, [16].

Kenmotsu [13], introduced a new class of almost contact Riemannian manifolds, known
as the Kenmotsu manifold. As it is well known, odd-dimensional spheres permit Sasakian
structures, but odd-dimensional hyperbolic spaces do not admit Sasakian structures but do
have Kenmotsu structures. Kenmotsu manifolds are normal almost contact Riemannian
manifolds. The basic fundamental properties of the local structure of such manifolds were
investigated by many geometers. In general, the Kenmotsu manifolds are locally isometric
to warped product spaces with one-dimensional bases. Oubina [I7] introduced the notion of
trans-Sasakian manifolds of type (a, ), which is the generalization of Kenmotsu manifolds
and Sasakian manifolds, and are closely related to the locally conformal Kahler manifolds.
A trans-Sasakian manifold of type (0,0), («,0) and (0, 3) are, respectively called, the cosym-
pletic, a-Sasakian and S-Kenmotsu manifold, where o and § be some scalar functions. In
particular, if « = 0, 8 = 1; @ = 0, f is non-zero constant and o = 1, § = 0 then a trans
Sasakian manifold will be a Kenmotsu; homothetic Kenmotsu manifold and Sasakian mani-
fold, respectively. S-Kenmotsu manifolds have been studied by several authors, like Bozdag
et al. [3], Hui and Chakraborty [11], Kumar [I5], Shaikh and Hui [19] and Mobin et al.[I].

We recommend the papers [8, 9} [10] 20, 2], 24] for more related stidies and references therein.

2. PRELIMINARIES

In this section, we review basic definitions and results that are needed to state and prove
our results.
A (2n + 1)-dimensional smooth differentiable manifold M is said to be an almost contact

metric structure (¢,&,n, g) if the following conditions are satisfying

¢*X = X +n(X)E, n(€) =1, ¢¢=0, no¢=0, (2.1)
9(X,Y) = g(¢X, oY) + n(X)n(Y), (2.2)
9(X,9Y) = —g(¢X,Y), (2.3)

9(X, &) = n(X) (2.4)

for all X,Y,Z on M, where ¢ is a (1, 1)-tensor field, £ is a vector field and 7 is a 1-form. An

almost metric manifold M is said to be a -Kenmotsu manifold if it satisfies

(Vx@)Y = Blg(¢X,Y)§ —n(Y)oX], (2.5)
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(Vxn)Y = Blg(X,Y) = n(X)n(Y)], (2.6)
Vx¢§ = BX —n(X)E], (2.7)
where V is a Levi-Civita connection.
If 5 =1, then M is called a Kenmotsu manifold, and if £ is constant then M are named

homothetic Kenmotsu manifolds and provide a large variety of Kenmotsu manifolds. In a

B-Kenmotsu manifold M, the following relations hold:
R(X,Y)E = =B*[n(Y)X = n(X)Y] + (XB{Y —n(Y)E} — (YB{X —n(X)¢},
R(EX)Y = {87 +£8}n(YV)X — g(X,Y)E],
Ric(X,€) = —{2n8* + £8}n(X) — (2n — 1)(XB),
Ric(¢X,¢Y) = Ric(X,Y) + {2n8% + £8}n(X)n(Y) + (2n — )(XB)n(Y),  (2.8)
where X (8) = g(X, Dp), D is the gradient operator of g.
An M is said to be n-Einstein if its Ricci tensor Ric(# 0) satisfies

Ric(X,Y) = ag(X,Y) + bn(X)n(Y),

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

The gTWe V for a contact metric manifold M is given by [23],
VXY = VxY — g(¥)Vxé + (Vam)(V)E + n(X)oY (2.9

for all X, Y on M.

3. B-KENMOTSU MANIFOLDS CONCERNING V

In this section, we prove that the gT'Wc V is a metric connection; and moreover, we obtain
an expression of the torsion tensor T on the manifold.
Let M be a (2n + 1)-dimensional S-Kenmotsu manifold. The gTWc V on an M is given
by
VxY = VxY = Bn(Y)X + Bg(X,Y)¢ + n(X)eY, (3.10)

where (2.6)),(2.7) and (2.9)) being used.
Now putting Y = ¢ in (3.10) and using (2.1]), (2.2) and (2.4]), we get

Vx&=0. (3.11)

From (2.9)) and (2.3)), we find

(Vxn)Y =0. (3.12)
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Also, from (2.9) and (22.5)), we find

(Vx9)(Y, Z) =0. (3.13)
Thus, in the view of (3.11)), (3.12)) and (3.13)), we can state the following:

Proposition 3.1. In an M, £ and n are parallel with respect to @, which is a metric

connection.

Proposition 3.2. In an M, the integral curves of a vector field & are geodesic concerning

A

the gTWe V.

Now, since the connection V is metric, so the torsion tensor 1" of V is given by

T(X,Y)=VxY — VyX. (3.14)
From (3.10) and (3.14), we get
T(X,Y) = BE(OY = n(Y) X} +(X)6Y = (V). (3.15)
Since, we know
oVxY,2) = g(Vx¥,2)+ 3 o(T(X, V), 2) —o(F(X,2)Y)  (3.16)
~g(T(¥, 2), X)),

Using (3.15)) in (3.16)), we get (3.10). Hence, we can state:

Theorem 3.1. The gTWc V associated with the connection V is a unique affine connection,
which is metric and its torsion is of the form T(X,Y) = B{n(X)Y —n(Y)X} + n(X)pY —
n(Y)pX.

4. CURVATURE PROPERTIES OF 3-KENMOTSU MANIFOLDS CONCERNING V

In the currect section, we establish the relationships between R and 7@; Ric and RAic; and
s and § with respect to V and V.

The Riemannian curvature tensor with respect to V on M is given by

R(X,Y)Z =VxVyZ - VyVxZ—VxyZ. (4.17)
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By using (3.10)), (4.17) takes the form

RIX,Y)Z = R(X,Y)Z+X(B){g(Y.2)¢ - n(Z)Y) (4.18)
—Y(B){g(X. Z)¢ —n(2)X} + B{g(Y, Z)X — g(X, Z)Y},

where R(X,Y)Z =VxVyZ —VyVxZ — V[X,Y]Z.
The inner product of (4.18]) with W yields

A~

R(X,)Y,Z,W) = R(X,Y,Z,W)+ X(B{g(Y, Z)n(W) —n(Z2)g(Y, W)}
—Y(B){9(X, 2)n(W) —n(Z)g(X, W)} (4.19)
+82{9(Y, 2)9(X, W) — (X, Z)g(Y. W)},
where R(X,Y, Z,W) = g(R(X,Y)Z,W).

Let {e;, & }?ﬁfl be the set of orthonormal basis of tangent space at each point of the manifold,

then contracting (4.19) over X and W, we get
Ric(Y,Z) = Ric(Y, Z) + 2n5%9(Y, Z). (4.20)
From (4.20)) it follows that
QZ = QZ + 2np2Z, (4.21)
where Ric(Y, Z) = g(QY, Z).
Also, the scalar curvature § is given by,
§=1s5+2n(2n+1)6°% (4.22)

Hence, we can state:

Lemma 4.1. In an M admitting V and B=constant, we have
e The curvature tensor R is given by (£.18),
e The Ricci tensor Ric is given by (4.20) and it is symmetric,

e The Ricci operator Q is giwen by (4.21]),
e The scalar curvature § is given by (4.22)).

Lemma 4.2. In an M admitting V, we have

e R(X,Y)E=0,
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e Ric(Y,€) = 0 if B is constant. Otherwise, Ric(Y,€) = —(£8)n(Y) — (2n — 1)(X ),
for all X,Y,Z € x(M).

5. PROJECTIVE CURVATURE TENSOR IN S-KENMOTSU MANIFOLDS CONCERNING V

Let M be a (2n + 1)-dimensional Riemannain manifold. If there exists a one to one
correspondence between each coordinate neighbourhood of M and a domain in Euclidean
space such that any geodesic of the Riemannian manifold corresponds to a straight line
in the Euclidean space, then M is said to be locally projectively flat. For n > 1, M is
locally projectively flat if and only if the projective curvature tensor vanishes. The projective

curvature tensor P; with respect to the Levi-Civita connection V is defined by [2§]
1
PI(X,Y)Z = R(X,Y)Z = o{Ric(Y, Z)X — Ric(X, Z)Y}, (5.23)
n

for all X, Y on M, where R are Ric are the Riemannian curvature tensor and the Ricci

tensor, respectively.

Definition 5.1. A g-Kenmotsu manifold M is said to be &-projectively flat with respect to

v if

Pl(Xay)f =0,

where Py(X,Y)Z is the projective curvature tensor of dimension (2n+ 1) concerning V and
s given by

A A 1 ~ ~
PI(X.Y)Z =R(X.Y)Z — 5 {Rie(Y. Z)X — Rie(X, Z)Y }, (5.24)

for all X,Y,Z € x(M).

Theorem 5.1. An M of dimension (2n + 1) is {-projectively flat with respect to \Y, if and

only if it is £-projectively flat with respect to V, provided B is constant.

Proof. From (4.18)), (4.20) and (5.24), we have

P(X,Y)Z = PX,Y)Z+X(B)H{g(Y,2)§ —n(2)Y} (5.25)
—Y(B){9(X, 2)§ —n(2)X},

where P;(X,Y)Z is defined in (5.23). Now, putting Z = £ in (5.25)), and considering /3 as a

constant, we get

N

P (X, V) =P (X, Y).
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Definition 5.2. A §-Kenmotsu manifold M satisfying the condition
0*(P1(¢X, 0Y)0Z) =0
is called ¢-projectively flat with respect to V. As we know that
0*(PL(¢X, 0Y)0Z) = 0 <= g(P(6X,6Y)$Z,¢W) = 0 (5.26)
for all XY, Z, W € x(M).

Theorem 5.2. Let M be a (2n + 1)-dimensional ¢-projectively flat 3-Kenmotsu manifold

with respect to V and B is constant. Then M is an n-Einstein manifold.

Proof. Let M be a ¢-projectively flat S-Kenmotsu manifold with respect to V, then (15.26)
holds. Thus, from (5.24]) and (5.26|), we have

GR(OX, 6Y)6Z,6W) = 5 {RiclgY,02)g(6X, 6W) ~ Ric(9X, 6Z)g(6Y,6W)},

which by using (4.18) and (4.20]) turns to

GR(OX,6V)OZ,0W) = —F{g(6Y,62)g(6X, 6W) 46X, 02)g(6Y,0W)}  (5.27)
+ 5 (RiclgY, 02)g(6X, 6W) + 2mBg (6, 67)g(0 X, 61V

~Ric(0X,0Z)g(¢Y, ¢W) — 205°g(¢ X, 9Z)g(4Y, oW )}.

Now choosing a set {e;, ¢e;, £}(1 < i < 2n) as an orthogonal basis of M, by contracting
(5.27) over X and W, we obtain

Ric(¢Y,¢Z) = —(2nf*+£B)g(¢Y,02)

45 {(20 — DRic(6Y, 67) + 2n(2n — 1)59(6Y, 62)}.
This implies

Ric(¢Y, ¢Z) = —(B* + £B)g(6Y, 6 2). (5.28)
By using and in , we have

Ric(Y,Z) = —(B* + €8)9(Y, Z) — (2n = )B*n(Y)n(Z) — (2n = )Y (B)n(Z).  (5.29)
Now, if 3 is constant, then reduces to
Rie(Y, Z) = =B%9(Y, Z) — (2n = 1)8*n(Y)n(Z).

Thus M is an n-Einstein manifold. O
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6. CONCIRCULAR CURVATURE TENSOR IN -KENMOTSU MANIFOLDS CONCERNING v

A transformation of a (2n + 1)-dimensional Riemannian manifold M, which transforms
every geodesic circle of M into a geodesic circle, is called a concircular transformation [14}[27].
A concircular transformation is always a conformal transformation [14]. Here geodesic circle
means a curve in M whose first curvature is constant and second curvature is identically
zero. Thus the geometry of concircular transformations, i.e., the concircular geometry, is
generalization of inversive geometry in the sense that the change of metric is more general
than induced by a circle preserving diffeomorphism. An interesting invariant of a concircular
transformation is the concircular curvature tensor with respect to the Levi-Civita connection

and is defined by

S

Py (X, Y)Z =R(X,Y)Z — 7 =T

{9(YV,2)X —g(X,Z2)Y}, (6.30)

for all X, Y and Z on M, where s is the the scalar curvature with respect to the Levi-Civita

connection.
Definition 6.1. A §-Kenmotsu manifold M satisfying the condition

P*(Pa(¢X,9Y)pZ) =0

is called ¢-concircularly flat with respect to V, where PQ(X, Y)Z is the concircular curvature

tensor of dimension (2n + 1) with respect to V and is given by

~

S

Py(X,Y)Z =R(X,Y)Z - Sn(an 1) W D)X — g(X, 2)Y). (6.31)
As we know that
O*(Pa(¢X,9Y)9Z) = 0 <= g(Po(¢pX, ¢Y )9 Z, W) = O, (6.32)

for all X, Y, Z, W on M.

Theorem 6.1. Let M be a (2n + 1)-dimensional ¢-concircularly flat B-Kenmotsu manifold

with respect to V and B is constant. Then M is an n-FEinstein manifold.

Proof. If M is a ¢-concircularly flat with respect to V, then (6.32) holds. Thus, from (6.31))
and (/6.32)), we have

S

9(R(6X, ¢Y)$Z,oW) = m{g(qﬂ’mbz)g(sﬁ(,is) (6.33)

—9(¢X,02)g(¢Y, oW)}.
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By using (4.18) and (2.2)) in (6.33)), we have

9(R(6X,0Y)0Z,oW) = —B*{g(oY,92)g(¢X, W) — g(¢X, 6 Z)g(6Y, oW)}

s+ 2n(2n + 1)3?

= )9OV, 0290 X, W) (6.34)

—9(0X,92)g(¢Y, oW)}.

Now choosing {e;, pe;, (1 < i < 2n) as a set of orthogonal basis of M and contracting
(6.34) over X and W, we obtain

Ric(oY. 9Z) = (5 + (5 — €8))g(6Y. 62). (6.35)

By using (2.2)) and (2.8) in , we have

S

Ric(Y,Z) = (%+(ﬁ2—fﬁ))g(Y,Z)—(

—(2n = )Y (B)n(Z).

S

5 T @t DY )n(Z)  (6.36)

Now, if 3 is constant, then (6.36)) reduces to

. 5 s
RiclY, 2) = (5= + 5)9(Y, 2) — (5= + (20 + DE)B(Y In(2).
The above equation shows that M is an n-Einstein manifold. O

7. CONFORMAL CURVATURE TENSOR IN -KENMOTSU MANIFOLDS CONCERNING \Y,

If the Riemannian metric g on a manifold M is conformally related with a flat Euclidean
metric, then g is called conformally flat. A Riemannian manifold equipped with a confor-
mally flat Riemannian metric is named a conformally flat manifold. By using conformal
transformation, Weyl [26] introduced a generalized curvature tensor which vanishes when-
ever the metric is conformally flat. Due to this reason it is called confomal curvature tensor.
It is well-known that a Riemannian manifold M of dimension (2n + 1) is conformally flat if
and only if the Weyl conformal curvature tensor field P; vanishes for the dimension > 3. The

conformal curvature tensor P3 in a (2n + 1)-dimensional Riemannian manifold is defined by

P(X,Y)Z = R(X,Y)Z-— ﬁ{Ric(Y, Z)X — Ric(X, Z)Y +g(Y, Z)QX

- g(X, Z)QY} + m {g(Y, Z)X - g(X, Z)Y}’ (737)

5
(2n—1)
for all vector fields X,Y,Z on M, where R, Ric, Q, and s be the Riemannian curvature

tensor, the Ricci tensor, the Ricci operator, and the scalar curvature, respectively.
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Definition 7.1. A 3-Kenmotsu manifold M is &-conformally flat with respect to v if

P3(X7 Y)g = 07
where P3(X,Y)Z is the conformal curvature tensor of dimension (2n+ 1) with respect to V

and is given by

N A~

P(X,Y)Z = R(X,Y)Z - {Rice(X,Z)X — Rie(X, 2)Y + g(Y, Z) QX

1
(2n—1)

~g(X.2)QV} + 5o {g(Y, 2)X — g(X. 2)Y) (7.3

5
(2n—1)
for all X,Y,Z on M.

Theorem 7.1. A (2n+1)-dimensional 5-Kenmotsu manifold with respect to V is &-conformally

flat iff it is £-conformally flat with respect to V, provided B is constant.

Proof. From (4.18)), (4.20) and ([7.38]), we have

A

B(X,Y)Z = P(X,Y)Z+ X(B){g(Y, 2)§ —n(2)Y} (7.39)

—Y(B){9(X, 2)§ —n(2)X},

where P3(X,Y)Z is defined by (7.37). By putting Z = £ in (7.39)), and considering 5 as a

constant, we get

N

P3(X,Y)§ = B3(X, Y)E.
This completes the proof. O
Definition 7.2. A g-Kenmotsu manifold M is called ¢-conformally flat with respect to \Y, if
0*(P3(¢X, 0Y)0Z) = 0 <= g(P3(¢X, 6Y )0 Z,6W) =0, (7.40)
for all X,Y, Z. W € x(M).

Theorem 7.2. Let M be a (2n + 1)-dimensional ¢-conformally flat f-Kenmotsu manifold

with respect to V and B is constant. Then M is an n-FEinstein manifold.

Proof. If M is a ¢-conformaly flat, then in the view of equation ([7.38]) and ([7.40)), we have

GR(GX,6V)OZ,0W) = o {Hic(6Y,62)g(6X, 6W) ~ Fic(6X, 62)(6Y, 6W)

+9(6Y, 0Z)Ric(pX, W) — g(¢ X, dZ)Ric(¢Y,oW)}  (7.41)

S

~ Zan —T) 9O 02)9(6X, 6W) - 96X, 92)g(6Y, oW}
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By using and ([4.20)), takes the form
GR(OX, 6Y)0Z,0W) = —F{g(0Y.02)9(6X,6W) — (60X, 6Z)g(Y, 6W)}
b5 {RIc(6Y,02)g(9X, 6W) + 2n9(0Y, 67)g(6X, 617)
~Rie(6X, 62)g(6Y, 6W) — Fg(6X , 62)g(6Y, W) (7.42)
+g(6Y, 7) Ricl¢X, 61 + 20g(8Y, 62)g (6 X, oW)

~9(¢X, Z)Ric(¢Y, ¢W) — 2n5°g(¢X, 9Z)9(6Y, oW )}

sk onCr t DF 4y, 2).

Now choosing {e;, pe;, (1 < i < 2n) as a set of orthogonal basis of M and contracting
(7.42) over X and W, we obtain

s
2n

Now using (2.2)) and (2.8)) in ([7.43)), we have

Ric(¢Y, 92) = ( (2n = 1)(8% +£8))9(¢Y, 62). (7.43)

Rie(Y.2) = (5.~ (@n—1)(8+£B))g(Y.2)
~(5 + 8 = 2= 1)(EBMYIN(Z) = (2n = DY (Bn(2).  (7.44)
Now, if 3 is constant, then reduces to
Ric(Y. Z) = (5 = (2n = DB)g(Y. Z) = (5 + Bn(Y )n(2).

The above equation shows that M is an n-Einstein manifold. O

8. EXAMPLE

In this section, an example has been stated to verify some results of the paper.

We assume a 3-dimensional manifold M = {(u,v,w) € R?}, where (u,v,w) are the usual
coordinates in R3. We choose the linearly independent vector fields at each point of M as
[20]

0 0 0

€1 = ’U)Qf, €2 = w2—, €3 = —.

ou ov ow

Let the Riemannian metric g is defined by

1 if i=3j
g(eivej): 717]:17233
0 if i#£j
Let the 1-form 7 is defined by

n(X) = g(X, e3),
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for any X on M. Let the (1, 1)-tensor field ¢ is defined by
p(e1) = —€2, P(e2) = €1, ¢(e3) = 0.
Using the linearity of ¢ and g, we have
X = —X +n(X)es, nes) =1, g(¢X,9Y) = g(X,Y) —n(X)n(Y)

for any X,Y on M. Thus for €3 = &, the structure (¢,&,n,¢g) defines an almost contact

metric structure on M. For the connection V, we have

2
[e1,€2] =0, [e1, €3] = _Eel’ [€2, €3] = —Eeg.
By using the Koszul’s formula, we find
qu = %63, V61€2 = 0, qug = —%61,
Vee1 =0, Ve =2e3, Veez=—2e, (8.45)

V€1 =0, V€2 =0, Vese3 = 0.

From the above values, it is clear that (¢,£,n,¢9) is a f-Kenmotsu structure on M, hence

M(p,&,m,g) is a 3-dimensional S-Kenmotsu manifold satisfying the conditions ([2.5))-(2.7]),
where § = —%. Using the results from equation (8.45]), we can obtain the non-vanishing

components of the Riemannian curvature tensor with respect to V as follows:

Rle1, e2)e1 = —zea,  Rlen,e2)er = —ze1, R(er,e3)er = Sges, (3.46)
R(e1,es)es = ——ze1, Rz, €3)e3 = —hea, R(ea, e3)ea = —ges.
The Ricci tensor concerning to V are
_%7 L= 17 21 3a
Ric(ei, 62') = (847)
0, otherwise.
Thus, the scalar curvature s with respect to the V given by
24
By using the values of (8.45)) in (3.10]), we obtain
—€2, 1=3, j =1,
Ve =qe, i=3, j=2, (8.49)

0, otherwise.
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From the above results given in (8.49)), we can easily calculate

A~

Rei €j)ex =0, Ric(ese5) =0, Q=0, §=0, for 1<i,jk<3. (8.50)

In view of (8.50)), it can be easily seen from (5.24)) and ((7.38) that

A~

Pi(e1,e2)e3 = Py(e1,e3)e3 = Pi(ea, e3)e3 = 0,

. A . (8.51)
Ps(e1,€2)e3 = Ps(e1,€3)e3 = Ps(ea, €3)e3 = 0,

respectively.

Also by using (8.46), (8.47) and (8.48|) from (5.23|) and (7.37)), we find
Pi(e1,e2)e3 = Pi(e1, e3)e3 = Pi(eg, e3)e3 = 0, (8.52)

Ps(e1,€2)e3 = P3(€1,€3)e3 = P3(€2,€3)e3 =0,

respectively.

Thus, the first relations of the equations (8.51) and (8.52)) and the second relations of the

equations (8.51) and (8.52) verifies Theorem 5.1 and Theorem 7.1, respectively.

Acknowledgments. The authors would like to thank the referees for the useful comments

and their helpful suggestions that have improved the quality of this paper.

(1]

[2

3

(7l

(8]

REFERENCES

Ahmad, M., Haseeb, A. & Jun, J. B. (2019). Quasi-concircular curvature tensor on a Lorentzian j3-
Kenmotsu manifolds. Journal of the Chungcheong Math. Soc., 3(32), 281-293.

Ayar, G. & Cavusoglu, H. R. (2021). Conharmonic curvature tensor on nearly cosymplectic manifolds
with generalized Tanaka-Webster connection. Sigma J. Eng. Nat. Sci., 30, 9-13.

Bozdag, S. N., Perktas, S. Y. & Erdogan, F. E. (2023). On some curves in three-dimensional 8-Kenmotsu
manifolds. Arab. J. Math., 12, 89-103.

Chakraborty, D., Mishra, V. N. & Hui, S. K. (2018). Ricci solitons on three dimensional S-Kenmotsu
manifolds with respect to Schouten-van Kampen connection. Ultra Scientist of Physical Sciences, 30,
86-89.

De, U. C. & Ghosh, G. (2016). On generalized Tanaka-Webster connection in Sasakian manifolds. Bulletin
of the Transilvania University of Brasov, Series II1I: Mathematics, Informatics, Physics, 9(2), 13-24.
Gautam, U. K., Haseeb, A. & Prasad, R. (2019). Some results on projectively curvature tensor in Sasakian
manifolds. Commun. Korean Math. Soc., 34 (3), 881-896.

Ghosh, G. & De. U. C. (2017). Kenmotsu manifolds with generalized Tanaka-Webster connection. Publi-
cations de I'Institut Mathematique, 102(116), 221-230.

Haseeb, A. (2016). On concircular curvature tensor with respect to the semi-symmetric non-metric con-

nection in a Kenmotsu manifold. Kyungpook Math. J., 56(3), 951-964



INT. J. MAPS MATH. (2024) 7(2):258-272 / GTWC ON B-KENMOTSU MANIFOLDS 271

[9] Haseeb, A. (2015). Some new results on para-Sasakian manifold with a quarter symmetric metric connec-
tion. Facta Universitatis (NIS), Ser. Math. Inform., 30(5) (2015), 765-776.

[10] Haseeb, A. & Prasad, R. (2021). Certain results on Lorentzian para-Kenmotsu manifolds. Bol. Soc. Paran
Mat., 39(3), 201-220.

[11] Hui, S. K. & Chakraborty, D. (2018). Ricci almost solitons on concircular Ricci pseudosymmetric j3-
Kenmotsu manifolds. Hacettepe Journal of Mathematics and Statistics, 47(3), 579-587.

[12] Jin, D. H. & Lee, J. W. (2012). A basic inequality for the Tanaka-Webster connection. Journal of Applied
Mathematics, 2012, Article ID 231416.

[13] Kenmotsu, K. (1972). A class of almost contact Riemannian manifolds. Tohoku Mathematical Journal,
Second Series, 24(1), 93-103.

[14] Kiihnel, W. (1988). Conformal transformations between Einstein spaces. In: Kulkarni, R.S., Pinkall, U.
(eds) Conformal Geometry, Aspects of Mathematics, 12 (1988), 105-146.

[15] Kumar, R. (2018). Ricci solitons in -Kenmotsu manifolds. Analele Universitatii de Vest Timisoara Seria
Matematica-Informatica, LVI(1), 149-163.

[16] Montano, B. C. (2010). Some remarks on the generalized Tanaka-Webster connection of a contact metric
manifold. The Rocky Mountain Journal of Mathematics, 40(3), 1009-1037.

[17] Oubina, J. A. (1985). New Class of almost contact metric structure. Publication Math. Debrecen, 32,
187-193.

[18] Perktas, S. Y., Acet, B. E. & Kilic, E. (2013). Kenmotsu manifold with generalised Tanaka—Webster
connection. Adiyaman Universitesi Fen Bilimleri Dergisi, 3(2), 79-93.

[19] Shaikh, A.A. & Hui, S. K. (2009). Locally ¢-symmetric S-Kenmotsu manifold. Extracta mathematicae,
24(3), 301-316.

[20] Shaikh, A.A. & Hui, S. K. (2011). On extended generalized ¢-recurrent S-Kenmotsu manifold. Publica-
tions De L’Institut Mathematique Nouvelle serie, tome 89(103) (2011), 77-88.

[21] Singh, A., Ahmad, M., Yadav, S. K. & Patel, S. (2024). Some results on S-Kenmotsu manifolds with a
non-symmetric non-metric connection. International Journal of Maps in Mathematics, 7(1), 20-32.

[22] Tanaka, N. (1976). On non-degenerate real hypersurfaces, graded Lie algebras and Cartan connections.
Japanese journal of Mathematics, New series, 2(1), 131-190.

[23] Tanno, S. (1969). The automorphism groups of almost contact Riemannian manifolds. Tohoku Mathe-
matical Journal, Second Series, 21(1), 21-38.

[24] Unal, I. & Altin, M. (2021). N (k)-Contact metric manifolds with generalized Tanaka-Webster connection.
Filomat 35:4, 1383-1392.

[25] Webster, S. M. (1978). Pseudo-Hermitian structures on a real hypersurface. Journal of Differential Ge-
ometry, 13(1), 25-41.

[26] Weyl, H. (1918). Reine Infinitesimalgeometrie. Math. Z., 2, 384-411.

[27] Yano, K. (1940). Concircular geometry I, Concircular transformations. Proc. Imp. Acad. Tokyo, 16,
195-200.

[28] Yano, K. & Kon, M. (1984). Structures on manifolds. Series in Pure Math., World Scientific, Vol. 3.



272 S. SUNDRIYAL AND A. HASEEB

!DEPRATMENT OF MATHEMATICS, S.S.J CaMPUS, KUMAUN UNIVERSITY, ALMORA, INDIA.
!DEPARTMENT OF MATHEMATICS, GRAPHIC ERA HILL UNIVERSITY, DEHRADUN, 248002, INDIA

2DEPARTMENT OF MATHEMATICS, COLLEGE OF SCIENCE, JAZAN UNIVERSITY, P.O. Box. 114, JAzAN

45142, KINGDOM OF SAUDI ARABIA.



	1. Introduction
	2. Preliminaries
	3. -Kenmotsu Manifolds concerning 
	4. Curvature properties of -Kenmotsu manifolds concerning 
	5. Projective curvature tensor in -Kenmotsu manifolds concerning 
	6. Concircular curvature tensor in -Kenmotsu manifolds concerning 
	7. Conformal curvature tensor in -Kenmotsu manifolds concerning 
	8. Example
	References

