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Generalized curvature tensor and the hypersurfaces of the

Hermitian manifold for the class of Kenmotsu type

Mohammed Y. Abass and Habeeb M. Abood

Abstract. This paper determines the components of the generalized curvature ten-
sor for the class of Kenmotsu type and establishes the mentioned class is n-Einstein
manifold when the generalized curvature tensor is flat; the converse holds true un-
der suitable conditions. It also introduces the notion of generalized ®-holomorphic
sectional (G®S H-) curvature tensor and thus finds the necessary and sufficient condi-
tions for the class of Kenmotsu type to be of constant G®S H-curvature. In addition,
the notion of ®-generalized semi-symmetric is introduced and its relationship with
the class of Kenmotsu type and n-Einstein manifold established. Furthermore, this
paper generalizes the notion of the manifold of constant curvature and deduces its re-
lationship with the aforementioned ideas. It finally shows that the class of Kenmotsu
type exists as a hypersurface of the Hermitian manifold and derives a relation be-
tween the components of the Riemannian curvature tensors of the almost Hermitian
manifold and its hypersurfaces.

1 Introduction

The notion of generalized curvature tensor was introduced by Shaikh and Kundu [19]
to generalize well-known curvature tensors such as the conformal curvature tensor, the
concircular tensor, and the conharmonic tensor. Yildiz and De [22] introduced and stud-
ied ®-projectively semisymmetric and ®-Weyl semisymmetric non-Sasakian (k, p)-contact
metric manifolds while Kenmotsu [13] and Kirichenko and Khari-tonova [16] discussed the
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®-holomorphic sectional curvature tensor. On the other hand, investigation of the geome-
try of the submanifolds of some Riemannian manifolds has captured the interest of authors
such as Alegre and Carriazo [3], Sular and Ozgiir [20] and Chen [6]. The special subject
in the study of the geometry of submanifolds is the hypersurface of the Riemannian man-
ifolds, which has been discussed by Goldberg [9]. We concentrated on the geometry of the
hypersurfaces of the almost Hermitian manifolds that have almost contact structures on
the associated G-structure space. The last mentioned topic was studied by Banaru and
Kirichenko [5]. Moreover, Ignatochkina [12], Ignatochkina and Morozov [11], and Niki-
forova and Ignatochkina [17] studied the transformations and conformal transformations
on hypersurfaces induced from almost Hermitian manifolds.

The aim of this article is organized according to the differential geometry of the gen-
eralized curvature tensor of the almost contact metric manifolds, especially the class of
Kenmotsu type and the class of Kenmotsu type as a hypersurface of the Hermitian mani-
fold.

2 Preliminaries

We use the notations M?***! X(M) and V to denote the smooth manifold M of
dimension 2n + 1, the Lie algebra of smooth vector fields of M, and the Riemannian
connection respectively.

Definition 2.1 ([14]). A smooth manifold M?"™! with the quadruple (®,&,7,g) is called
an almost contact metric manifold or briefly ACR-manifold, where ® : X(M) — X (M),
€ € X(M), g is the Riemannian metric and 7(-) = g(-, &), are such that

D) =0; nE)=1; no®=0; P =-id+7n®¢;
g(PX, DY) =g(X,Y) —n(X)n(Y); VXY e X(M).

In the present article, we fix the components of the Riemannian metric g of an ACR-
manifold M?"*! as follows:

900 =15 a0 = gab = 955 = 0;  gab = 05 9ij = Yjis (1)
where a,b=1,2,...,n,a=a+nandi,j =0,1,...,2n. Moreover, the components of the
endomorphism & are given by

Of = =0; O =V-15; P} =P, (2)

where ; =1. So, for all X, Y € X(M), we have

X =X'e; g(X)Y)=yg,; XY ®X)=0'Xg,
where X € C°(M) and (p;e9 = &, €1, . .., €9,) is an A-frame over M?" ! such that p € M,
£, = \/Li(id— V—1®)e,, €4 = \%(z’d—i— V—=1®)e,, and {&, e, ...,e,, Pey, ..., Pe,} is a basis

of X(M). The set of all A-frames as given above is called an associated G-structure space
(AG-structure space). For more details, we refer to [14].
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Definition 2.2 ([1]). A class of ACR-manifold such that the following identity:
V(@)Y — Vox(®)dY = —(Y)0X, ¥ X,Y € X(M)
holds is called a class of Kenmotsu type.

Lemma 2.3 ([1]). On the AG-structure space, the class of Kenmotsu type satisfies the
following relations:

a a a ac aled alc hl|d a
i — B ) — B, By = 0; Aged — B 4 B, B = 0, Afyeq =0
Agj + Bad < + Bah v Blh‘cc]l = 0’ Agcd + Ba[cdb} - Ba[ChB|h|dl]) = 0’ AEszd} - 07

where [-| - |-] denotes the anti-symmetric operator of the involved indices except | - | and

c,d,h € {1,2,...,n}.

We denote by R, r, ( the Riemann curvature tensor, the Ricci tensor and the Ricci
operator of and AC R-manifold respectively.

Theorem 2.4 ([1]). The components of R for the class of Kenmotsu type over the AG-
structure space are given by

a a. a ab a Sb. a __ Rabd ab hd .
1. ROCO - _507 Rl;cd - 2(B [Cd] - 6[6 6d})7 RBCE_ B c - B h B cr
2. Ryy = 2A54 RZCC?: Apd — B By, 68 37,

where R(X,Y)Z = R;lelesti, k,l =0,1,...,2n and the remaining components of R

are given by the first Bianchi identity or by the conjugate (i.e. R;kl = R;fgi" 0= 0) of the
above components or are identically zero.

Theorem 2.5 ([1]). The components of r of the class for Kenmotsu type over the AG-
structure space are as follows:

1. rog = —2n; 1 = —2A%,,

+ Bcabc - Bca h Bhb c;
2. Ta0 =0;  rap = —2(ndy + B [bc]) + A% — Bahb B, %

where r(X,Y) = ri; XY, ri; = rj; and the remaining components of r are conjugate to
the above components.

Definition 2.6 ([1]). An ACR-manifold (M?*"™! & ¢ n,g) with Ricci tensor r,
1. is called an Einstein manifold, if r;; = Ag;;, where X is an Einstein constant.
2. is called an n-Einstein manifold, if r;; = Ag;; + pn;n;, where A, v are scalars.

3. is said to have ®-invariant property, if r,o = 7. = 0.
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Definition 2.7 ([19]). The projective, concircular and generalized curvature tensors of
type (4, 0) on the ACR-manifold (M?***1 &, & n, g) are defined by the following formulas
respectively:

P(X,)Y,Z,W)=R(X,Y,Z, W) — %{g(X, 2r(Y, W) —g(X,W)r(Y, Z)};

CX,Y,2,W) = R(X,Y, Z,W) - {9(X, Z2)g(Y, W) — g(X, W)g(Y, Z)};

s
2n(2n + 1)
B(X,Y,Z W) =aoR(X,Y,Z W)+ a;{g(X, Z)r(Y, W) — g(X,W)r(Y, Z)
+ (X, 2)g(Y, W) —r(X,W)g(Y, Z)}
+ 2a2s{g(X, Z2)g(Y, W) — g(X, W)g(Y, Z)};
for all X|Y,Z, W € X (M), where s is the scalar curvature, ag, a, as are scalars and for
any tensor 1" of type (3,1), we get T(X,Y, Z,W) = g(T(Z, W)Y, X), which is a tensor of
type (4,0).

We can rewrite the above tensors on AG-structure space as follows:

1
Piju = Riji — %{gm T — il Tik}; (3)
s
Cijir = Riji — m{gzk 9ji — Git Gjk}: (4)

Bijin = aoRijin + ar{gix 7jt — gt ik + ik 91 — T Gk} + 2a25{gi 951 — 9u Gjk} (5)

We note that the generalized curvature tensor B satisfies the first Bianchi identity.

3 Properties of the Generalized Curvature Tensor

In this section, we shall investigate some properties of the generalized curvature tensor
on the class of Kenmotsu type.

Theorem 3.1. On the AG-structure space, the components of the generalized curvature
tensor are given by

1. Baopo = a1 Tap;

2. Baowo = —(ao + 2na; — 2a25)88 + ay rap;

3. Bapea = 200 Ay + a1{0% Toa — 0§ Tpe};

4. Byog = ao(Ajd — B, By, @) + ar{d7 Qf + 6 Qc} + (2a25 — ao)d: 0y';
5. Buj.y = 2a9 B® ea) T 401 5[[3 QZ}} + 2(2ags — ap) (5[[;1 (52%;

and the remaining components are identically zero, given by the first Bianchi identity or
conjugate to the above components.
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Proof. Since r(X,Y) = g(X,QY), then r; = ngQf Consquently, regarding the Equa-
tion (1), we have

rab = 9akQp = 9a0Qp + JacQf + 9acQy = Q-
Since B is defined on the class of Kenmotsu type, then we may substitute the values of

Riju = R;kl according to Theorem 2.4 and the values of g;; according to Equation (1) in

Equation (5), obtaining the desired result. O

Theorem 3.2. The class of Kenmotsu type (M*"1 &, & n, g) has flat generalized curvature
tensor if and only iof M s n-Einstein manifold with:

1
A= —(ag+ 2na; — 2azs), Ap,=0, p=-—02n+N),
ai
Apd = BB+ “puozsd and By = T uonsy,
Qg Qg

provided that ag, ay # 0.

Proof. Suppose that M?"*! has flat generalized curvature tensor with ag # 0 and a; # 0,
then B;ji; = 0 and from Theorem 3.1, we have

1
rap =03 Tap = —(ao + 2nay — 2a2s)8y;  Apg = 0.
a1

Then, according to the Definition 2.6, we get \ = a—ll(ao + 2na; — 2ass). Since M is the
class of Kenmotsu type, then from the Theorem 2.5, we have rog = —2n = A + p and this
gives us . Again, Theorem 3.1, item 4 gives A% = B B, ¢+ o Og 6. Moreover,
Theorem 3.1, item 5 gives B fed = Z—;,u 5{2 521. The converse is also true. O]

Now, we introduce the notion of generalized ®-holomorphic sectional G® H S-curvature
tensor as follows:

Definition 3.3. A G®HS-curvature tensor S of an ACR-manifold (M***1 ® £ n,g) is a

map defined by

B(@X,X,X,@X)_
XX

Moreover, M is called of pointwise constant G®HS-curvature if S(X) = and ~ does not
depend on X.

S(X) = V X € ker(n); X #0.

Clearly, a G® H S-curvature tensor is a ®-holomorphic sectional (®HS-)curvature ten-
sor if and only if ap = 1 and a; = ay = 0. Therefore, we can derive the necessary and
sufficient condition for an AC R-manifold to have pointwise constant G® H S-curvature on
AG-structure space.
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Theorem 3.4. An ACR-manifold (M*" ', ® & n,g) has pointwise constant GP HS-curva-
ture if and only if, on the AG-structure space, the generalized curvature tensor B of M
satisfies
(ad) _ 7%
Blhy = 50%¢
where Sgg = §20¢ + 0968 and (-+) denotes the symmetric operator of the included indices.

Proof. Since the tensor B has the same properties as the Riemannian curvature tensor R,
then we can follow the same proof was found in [14] or equivalently in [21]. O

Theorem 3.5. The class of Kenmotsu type (M*"*1 ®, £, n, g) has pointwise constant GO HS-
-curvature if and only if, on the AG-structure space, M satisfies the following equality:

2(11 2&28 “+ ag~

Al =By, "= Byt BT - Q) + -

ad
be 5bc

2(10

Proof. Suppose that M is the class of Kenmotsu type and has pointwise constant GOHS-
curvature. Using Theorem 3.4 and Theorem 3.1, item 4, we get

Q) 2a1 5(an) v — 2a95 + ap~,

(ad) _ paln|
A(bc) =B (d Bc)h c) 2a0 6bc :
The above equation can be rewritten as follows:
(ad) dh 201 L= 2a25 + a7,y
A(bc) = Bh(b B o~ —5 Q —an Ope
Since A = A[Zg] —i—AEZi —i—AE;C[]i AEZE?, then taking into account Lemma 2.3 and the above
result, we conclude the proof. O

Recently, Yildiz and De [22] introduced the notions of ®-projectively semisymmetric
and ®-Weyl semisymmetric. Regarding these ideas, we can introduce the following defini-
tion:

Definition 3.6. An ACR-manifold (M?***1 ® £ n, g) is called ®-generalized semisymmetric
if B(Z,W)-® =0, for all Z,W € X(M), or equivalently

B(X,®Y,Z, W)+ B(®X,Y,Z,W)=0; VY X,Y,Z,W € X(M).

Lemma 3.7. On AG-structure space, the ACR-manifold (M, & & n,g) is P-generalized
semi (P GS-)symmetric if and only if

Baovo = Baovo = Baobe = Baove = Baogc = Bapea = B&Ecd = 0.

Proof. According to the Definition 3.6, we have that M is ®-generalized semi-symmetric
if and only if

B(X,®Y,Z, W)+ B(®X,Y,Z,W)=0; VX,Y,Z,W € X(M).
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On the AG-structure space, the above identity is equivalent to the following:
Bigri @5 + Biju ¢! =0; ¢q,t=0,1,...,2n.
If we take
(1,7, k,1) = (a,0,b,0),(a,0,b,0), (a,0,b,c), (a,0,b,c), (a, 0,/b\, c), (a,b,c,d), (a, b, c, d),
and using Equation (2), we obtain the result. O

It is not hard to conclude the following:

Corollary 3.8. The ACR-manifold (M*"1 & & n,q) of flat generalized curvature tensor is
usually ® GS-symmetric.

Corollary 3.9. The class of Kenmotsu type (M1 ® £ n, g) has flat generalized curvature
tensor if and only if M is ® GS-symmetric with A}, = 0 and Af? = B B,, *+ ol 6268,
where = —é(ao + 4nay — 2as), provided that ag,ay # 0.

Proof. Suppose that M is the class of Kenmotsu type and it has flat generalized curvature
tensor, then from the Corollary 3.8, M is ®GS-symmetric and from the Theorem 3.1, we
get the other conditions.

Conversely, If M is ®GS-symmetric with the above conditions then according to
Lemma 3.7 and Theorem 3.1, M has flat generalized curvature tensor. O

Theorem 3.10. The class of Kenmotsu type (M**1 & & n,g) is ®GS-symmetric if and
only if M is n-Einstein manifold with A\ = %(ag + 2na; — 2ass), 4 = —(2n + A) and
Bab d] = Z—éu (5{‘0(53], provided that ag,ay # 0.

Proof. Suppose that M is ®-generalized semi-symmetric class of Kenmotsu type, then
from Lemma 3.7 and Theorem 3.1, we have

1 1
rap =0; T4 = a_1<a0 + 2na;, — 2ay5)8y; B® led] = —a—o(ao + 4na;, — 2@3)5&(52].
Regarding the Definition 2.6 and Theorem 2.5, we obtain the values of A and pu.
The converse is verified directly. O]

Corollary 3.11. The class of Kenmotsu type (M*"*1 ® £ n, g) is ® GS-symmetric and has
G® HS-curvature if and only if, M s n-Einstein manifold with A = a—ll(ag + 2na; — 2ass),
p=—@2n+A), B® 4 = Dudidy, and Azl = %Egg — By, * B™ 4 2 udpod, provided
that ag,a; # 0.

Proof. Suppose that M is the class of Kenmotsu type, then the necessary and sufficient
conditions of the present corollary are satisfied from Theorems 3.5 and 3.10. O
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4 Generalized Curvature Tensor Related with Another Tensors

In this section, we introduce a generalization of the notion of AC'R-manifold of constant
curvature that is used by Abood and Al-Hussaini [2]. We shall present this idea in the
following definition:

Definition 4.1. An ACR-manifold (M?" ™! & & 5, g) is said to have constant generalized
curvature x if the following identity holds:

B(X,Y, Z W) = w{g(X, Z)g(Y, W) —g(X. W)g(Y,2Z)}; VXY, Z W e X(M).
On the AG-structure space, Definition 4.1 equivalent to the identity below.
Biji = 59 951 — 9a 9jr}- (6)

Directly, regarding the Definition 4.1, Definition 2.7 and the definition of the conharmonic
curvature tensor (see [8]), we have the following result:

Theorem 4.2. Suppose that M***! is an ACR-manifold of constant generalized curvature
k = 2a9s. Then M has flat conharmonic curvature tensor if and only if, ag = 1 and

_ 1
ar = —g9, 7"

Theorem 4.3. An ACR-manifold (M*"*1 ®,£,n, g) has constant generalized curvature k
if and only if, on the AG-structure space, B has the following components:

1. Baowo = K 035
2. Bipeq =K 0207
3. By = 2 8204

and the remaining components are identically zero, obtained from the above components by
the first Bianchi identity or by taking the conjugate operation.

Proof. The result follows from Equation (6) by taking
(i, 5,k 1) = (&,0,b,0), (a,b,¢,d), (a,b,¢,d);
and using the Equation (1). O

Theorem 4.4. The ACR-manifold (M*" 1, ® & n, g) is ® GS-symmetric if and only if, M

has constant generalized curvature k = 0.

Proof. The claim of this theorem is obtained from Lemma 3.7 and Theorem 4.3. m

Theorem 4.5. If an ACR-manifold (M*1, ® £, n,g) has constant generalized curvature
K, then M has pointwise constant G® HS-curvature equal to v = k.
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Proof. The result follows from Theorems 3.4 and 4.3. [

Theorem 4.6. The class of Kenmotsu type (M*"1 ®. £ n, g) has constant generalized cur-
vature K if and only if, M is an n-Finstein manifold with:

1
A= —(ag + 2na; — 2ass + k), Ay, =0, u:—(2n+)\),
a1

Agt — Bathh+ ,u5a5d and chlfﬂ u5“5d],

provided that ag,a; # 0.

Proof. The assertion of this theorem is obtained by combining the results of the Theo-
rems 3.1 and 4.3. [

Now, we find the geometric properties of AC'R-manifold if the generalized curvature
tensor, the concircular tensor and the projective tensor are related.
Suppose that (M2 ® € n,g) is an AC R-manifold satisfies the following condition:

B(X.Y.Z,W) = Q{P(X,Y.ZW) - P(,. X, ZW) + C(X.Y.Z,W)}. (1)

Regarding the Equations (3), (4) and (5), we can write the Equation (7) on the AG-
structure space as follows:

(a1+ ){gzk Tj1— Git Tik+Tik Gt — T Gixy +(2a2+ )s{gix 91— 9a gjx} = 0. (8)

Qo
6n(2n+1)
The contracting of the Equation (8), that is, multiplying it by ¢* (the components of g~*
on AG-structure space), we can deduce that

2
Tjt = ——(é;_ngf gjt, (9)

where o = a; + g2 and 3 = 2a + m. Moreover, the contracting of Equation (9) gives

ap + 4na; + 4n(2n + 1)ay = 0. Then we can state the following theorem:

Theorem 4.7. Any ACR-manifold (M*" 1, & & n,g) which satisfies the identity (7) is an
Finstein manifold with ag 4+ 4na; + 4n(2n + 1)ay = 0, provided that o # 0. Moreover, if
M s the class of Kenmotsu type then s = %, provided that o + 2nf # 0.

Proof. The first part of this theorem is obvious from the above discussion. Now, if M is
the class of Kenmotsu type then from the Theorem 2.5, we have rog = —2n. Then the
result is established from the Equations (1) and (9). O
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5 The Hypersurfaces of the Hermitian Manifold

Suppose that (M2~ & & n, g) is an AC R-manifold, then there exists an almost com-
plex structure J on M x R defined by J(X, f4) = (DX — f&,n(X)4), where X € X (M),
t € R and f is a smooth function on R. The Riemannian metric h on M x R is defined by

h((X,fI%),(Y,fQ%)):g(X,Y)—i—fl fo; VXY € X(M);  fi, fo € C*(R).

The structure on M x R is Hermitian if and only if the structure on M is normal (see [18]).
Since the class of Kenmotsu type is normal because it is the class C3 @& Cy @ Cs, where Cf
is taken here to be a-Kenmotsu manifold with o = 1 (see [7] for more detail about the
classes C3 and Cy). Then the product manifold of the class of Kenmotsu type and the real
line is Hermitian (i.e. W3 @ Wy, see [10]).

Now, we discuss the opposite problem, that is, if (N??, J, h) is an Hermitian manifold,
then can we find a hypersuface of N which is the class of Kenmotsu type? We rely on the
citation [5] for the background.

Suppose that a,b,c = 1,2,...,n — 1 and 0;; = 0y; 4,5 = 1,2,...,2n — 1 are the
components of the second quadratic form as mentioned in [5].

Theorem 5.1 ([5]). An ACR-manifold which a hypersuface of an almost Hermitian man-
ifold has the following first family of the Cartan structure equations:

dw® = Wi Aw® 4+ B® w® Awy, + B® wy Aw, + (V2B + V—1of)w’ A w
- 1 1 ~
+ (\/__10_ab _ \/§Bnab - Esz . EBalm)wb A w;
dwy = —w? A wy 4 BS we Aw® + Bape ¥ Aw® + (V2B — V=10 wp Aw
- 1 1 ~
_ (\/ —log + \/§Bnab -+ EBZb + EBabn)wb N\ w;
dw = V2B, w* Aw® 4+ V2B w, A wy + (\/_B"“ \/_B — 2V 1o )w’ A w,y
+ (Bppn + B + V—=1ow)w Aw® + (B + B™ — /=10")w A wy.

From Banaru [4], we see that the Hermitian manifold N satisfies B®*7 = B,s, = 0,
where o, 8,7 =1,2,...,n, and thus the Theorem 5.1 reduce to the following form:

Theorem 5.2. An ACR-manifold which a hypersuface of the Hermitian manifold has the
following first family of the Cartan structure equations:

1
dw® = wi AW’ + B® W Awy + (V2B + vV—1od)’ Aw + (V=10 — Esz)% A w;

dw, = —wg Awp + By we A Wb+ (\/ﬁBgn — \/—102)% ANw— (V—=1og +

dw = (V2B — V2B%, — 2v/=108)w’ Aw, + (B, + V—10m)w A W’
+ (B™ — /=10%)w A wy.

1
—ng)wb A w;

V2
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Regarding Abood and Abass [1], we note that the class of Kenmotsu type satisfies the
following theorem:

Theorem 5.3 ([1]). The class of Kenmotsu type M*"~! has the following first group of
Cartan structure equations:

dw® = Wi AW’ + B | w' Awy — W A w;

dw, = —wz/\wb+Bab ¢ wc/\wb—wa/\w;

dw =0,
where B , and B, ¢ are the components of the first Kirichenko’s tensor as explained in
[15].

Now, if the class of Kenmotsu type M?"~! is a hypersurface of the Hermitian manifold
N?7_ then the cartan structure equations that mentioned in the Theorems 5.2 and 5.3 must
be equal. Then we get

Bab Bab ¥ \/EBgn+\/__10§ _ g’ \/_O_a,b \/§Bab 0

1
B¢, =B, % V2B’ ——1o° = -6 —log+ Eng = 0; (10)

V2B — V2BY, — 2v/—108 = 0; B + V=10, =0; B —+/—15% = 0.

Since ofa = 0 and By, 5 = B4, then Equation (10) gives the following relations:

o =0; 0 =0, o= \/—1(\/§Bg” +d5). (11)

Then from the above discussion, we can establishing the theorem below.

Theorem 5.4. [f the Hermitian manifold has the class of Kenmotsu type as a hypersurface,
then the second quadratic form has components agree with the Equation (11).

On the other hand, we can establish a relation between the components of the Rieman-
nian curvature tensors of the almost Hermitian manifold and its hypersurfaces.
Suppose that R; 1 are the components of the Riemannian curvature tensor of the almost

Hermitian manifold, N?" and ﬁ;kl are the components of the Riemannian curvature tensor
of its hypersurface M?"~1. Then from the second group of cartan structure equations, we
have

. ) 1 .
i i k i k l
dw; = wy, A wj +§Rjkl W' AW
) ) 1~.
i __ i k ) k l.
do; = 0, \0; —|—§Rj,d 0" N6
where wji- and 9; are the Riemannian connection forms of N and M respectively. Whereas,

w* and 6% are the dual A-frames on AG-structure spaces of N and M respectively. More-
over, from [5], we have

0 =Clw'; Ww=Cloy 0i=Cruwl Cl; wi=ClokCy



114 Mohammed Y. Abass and Habeeb M. Abood

where C' = (C%) and C~' = (6’;) were defined in [5]. Then the substitution of the above
relations in the second group of cartan structure equations, we conclude the following
theorem:

Theorem 5.5. [If R;kl and ﬁ?st are the components of the Riemannian curvature tensor of
the almost Hermitian manifold (N*",J,g) and its hypersurface (M**~1 ® & n,q) respec-
tively, then they are related as follow:

Rl = Ci RY, CF Cf CF.

9 TSt

References

[1] Abood H. M. and Abass M. Y.: A study of new class of almost contact metric manifolds of
Kenmotsu type. Tamkang Journal of Mathematics 52 (2) (2021) 253-266.

[2] Abood H. M. and Al-Hussaini F. H. : Constant curvature of a locally conformal almost
cosymplectic manifold. In: AIP Conference Proceedings2086.2019 030003.

[3] Alegre P. and Carriazo A.: Submanifolds of generalized Sasakian space forms. Taiwanese Journal
of Mathematics 13 (3) (2009) 923-941.

[4] Banaru M. B.: Geometry of 6-dimensional Hermitian manifolds of the octave algebra. Journal of
Mathematical Sciences 207 (3) (2015) 354-388.

[5] Banaru M. B. and Kirichenko V. F.: Almost contact metric structures on the hypersurface of
almost Hermitian manifolds. Journal of Mathematical Sciences 207 (4) (2015) 513-537.

[6] Chen B. -Y.: Differential geometry of warped product manifolds and submanifolds. World
Scientific Publishing Co. Pte. Ltd., Singapore (2017).

[7] Chinea D. and Gonzalez C.: A classification of almost contact metric manifolds. Annali di
Matematica Pura ed Applicata 156 (1) (1990) 15-36.

[8] De U. C. and Suh Y. J.: On weakly semiconformally symmetric manifolds. Acta Mathematica
Hungarica 157 (2) (2019) 503-521.

[9] Goldberg S. I.: Totally geodesic hypersufaces of Kaehler manifolds. Pacific Journal of
Mathematics 27 (2) (1968) 275-281.

[10] Gray A. and Hervella L. M.: The sixteen classes of almost Hermitian manifolds and their linear
invariants. Annali di Matematica Pura ed Applicata 123 (1) (1980) 35-58.

[11] Ignatochkina L. A. and Morozov P. B.: The transformations induced by conformal
transformations on T''-bundle. Journal of Basrah Researches ((Sciences)) 37 (4C) (2011) 8-15.

[12] Ignatochkina L. A. and Morozov P. B.: Induced transformations for almost Hermitian structure of
linear extensions. Chebyshevskii Sbornik 18 (2) (2017) 124-133.

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

[14] Kirichenko V. F.: Differential-geometric structures on manifolds (in Russian). Moscow State
Pedagogical University, Moscow (2003).

[15] Kirichenko V. F. and Dondukova N. N.: Contactly geodesic transformations of almost-contact
metric structures. Mathematical Notes 80 (2) (2006) 204-213.



Generalized curvature tensor and hypersurfaces of Kenmotsu Hermitian manifolds 115

[16] Kirichenko V. F. and Kharitonova S. V.: On the geometry of normal locally conformal almost
cosymplectic manifolds. Mathematical Notes 91 (1) (2012) 34-45.

[17] Nikiforova A. V. and Ignatochkina L. A.: The transformations induced on hypersurfaces of almost
Hermitian manifolds. Journal of Basrah Researches ((Sciences)) 37 (4C) (2011) 1-7.

[18] Pitis G.: Geometry of Kenmotsu Manifolds. Editura Universitatii Transilvania, Brasov (2007).

[19] Shaikh A. A. and Kundu H.: On equivalency of various geometric structures. Journal of Geometry
105 (1) (2014) 139-165.

[20] Sular S. and Ozgiir C.: On some submanifolds of Kenmotsu manifolds. Chaos, Solitons and
Fractals 42 (4) (2009) 1990-1995.

[21] Umnova S. V.: Geometry of Kenmotsu manifolds and their generalizations (in Russian) (2002).
[22] Yildiz A. and De U. C.: A classification of (k, u)-contact metric manifolds. Communications of

the Korean Mathematical Society 27 (2) (2012) 327-339.

Received: June 28, 2021
Accepted for publication: December 31, 2021
Communicated by: Haizhong Li



