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QUASI HEMI-SLANT SUBMANIFOLDS OF KENMOTSU
MANIFOLDS
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ABSTRACT. The main purpose of the present paper is to introduce a brief
analysis on some properties of quasi hemi-slant submanifolds of Kenmotsu
manifolds. After discussing the introduction and some preliminaries about
the Kenmotsu manifold, we worked out some important results in the di-
rection of integrability of the distributions of quasi hemi-slant submanifolds
of Kenmotsu manifolds. Afterward, we investigate the conditions for quasi
hemi-slant submanifolds of a Kenmotsu manifold to be totally geodesic and
later we provide some non-trivial examples to validate the existence of such
submanifolds.
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1. Introduction

In 1972, the notion of Kenmotsu manifold was introduced by K. Kenmotsu
[14]. After that several works on this manifold have been done by various au-
thors such as [11, 12, 13, 20]. An interesting topic in the differential geome-
try is the theory of submanifolds in space endowed with additional structures
[6, 7]. In [6], B. Y. Chen initiated the study of slant manifolds of an almost
Hermitian manifold as a natural generalization of both holomorphic and totally
real submanifolds. N. Papaghiuc have studied semi-invariant submanifolds in a
Kenmotsu manifold [18, 19]. In [18] he studied the geometry of leaves on a semi-
invariant £1- submanifolds in a Kenmotsu manifolds. Afterwords, N. Papaghiuc
introduced a class of submanifolds in an almost Hermitian manifold, called the
semi-slant submanifolds, which includes the class of proper CR-submanifolds
and slant submanifolds.
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A. Carriazo and others [4, 5] proposed the idea of bi-slant submanifold under
the name anti-slant submanifold. Inspite of the fact that these bi-slant sub-
manifolds are proposed as hemi-slant submanifolds by B. Sahin in [24](see also
[17, 21, 22, 29]). Since then, this interesting subject has been studied broadly by
several geometers during last two decades (for instance we refer [27, 28, 31]). A.
Lotta [15] introduced the notion of slant immersion of a Riemannian manifold
into an almost contact metric manifold. Further, the slant submanifolds were
generalized as semi-slant submanifolds, pseudo-slant submanifolds, bi-slant sub-
manifolds, and hemi-slant submanifolds etc. in different kinds of differentiable
manifolds (see, [1, 2, 3, 8, 9, 10, 16, 21, 22, 23, 24, 25, 26]).

The paper is organized in 6 sections such that section 2 contains the basic
definitions, formulas and some useful results on Kenmotsu manifolds. Section 3
consists the definition of quasi hemi-slant submanifolds of a Kenmotsu manifold
and some important lemmas have been proved. Section 4 deals with the neces-
sary and sufficient conditions for the distributions to be integrable. In section
5, we investigate the totally geodesic property of the distributions considered in
the definition of quasi hemi slant submanifolds of a Kenmotsu manifold. Finally,
in the last section we provide some examples of such submanifolds.

2. Preliminaries

Let N(¢,&,m,9) be an almost contact manifold of dimension n = 2m + 1
admitting ¢ as a tensor field of (1,1) type, a vector field £ and a 1-form 75
satisfying the following conditions:

¢2:—I+77®§7 "7(5):17 (bé-:o, 770¢:07 (1>

where I is an identity map defined on TN. Also, on an almost contact manifold
there exists a Riemannian metric g which satisfies the condition:

9(eU, ¢V) = g(U, V) = n(U)n(V), (2)
for U,V € I(TN), where I'(TN) represents the Lie algebra of vector fields on
N. A manifold N together with the structure (¢,&,n,g) is called an almost
contact metric manifold [30].

Due to the above equations (1) and (2), we obtain following consequences:

9(U, &) = n(U), 3)
and
9(eU, V) = —g(U, V), (4)
for all vector fields U,V € T'(TN).
Now if
(Vo) (V) = g(¢U, V)€ —n(V)oU, (5)
and

Vué=U-n(U)§ (6)
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for any U, V tangent to N/, where V is the Levi-civita connection, then (N, ¢, £, 7, g)
is called a Kenmotsu manifold.
In an n—dimensional Kenmotsu manifold, the following relations hold [14]:

(VumV =g(U,V) = n(U)n(V),
SWU,¢) = —(n—1)n(U),
R(U,V)E =nU)V —n(V)U,
n(R(U,V),Z) = —g(V,Z)n(U) + g(U, Z)n(V),
Q¢ = —(n—1)¢,

R, U)V = —R(U,§)V =n(V)U — g(U, V)&,
where S is the Ricci tensor and R is the Riemannian tensor of the manifold.
Let M be a submanifold of a Kenmotsu manifold N with structure (¢, &,n, g)
and assume that V represents the induced connection on the tangent bundle

TM, V1 represents the induced connection on the normal bundle 7-M of
M and we also denote g as induced Riemannian metric on M throughout this

paper.
The Gauss and Weingarten equations are given, respectively by [6]

VuV =VyV +h(U, V), (7
and

VuN = —AnU + VN (8)

for any vector fields U,V € T'(TM) and N € T(T+M). Also, the relation
between second fundamental form A and shape operator Ay is given by

g(h(U,V),N) = g(AnU, V) (9)

for any vector fields U,V € T'(TM) and N € T(T+M).
The mean curvature vector is denoted and defined by the following equation

1 m
H m ;:1 (ej:€5),

where m is the dimension of submanifold M and {e;}7", is the local orthonor-
mal frame defined on M.

For any U € T(TM) and N € I'(T+M), we have the following conditions:
oU = vU + wU, (10)

and
¢oN = FN + GN, (11)

where vU and F'N represents the tangential components of ¢U and ¢V, respec-
tively; and wU and GN are normal components of ¢U and ¢N, respectively.
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The covariant derivatives of the tensor fields v, w, F' and G are defined as follows
[21]:

(Vuv)V = VvV —vVyV, (12)
(Vyw)V = VHwV —wViV, (13)
(VyF)N = VyFN — FVEN, (14)
(VuG)N = VEGN — GVEN (15)

for any U,V € I'(TM) and N € T(TtM). If w is identically zero, i.e.,
¢U € T(TM) for any U € TI'(TM), then submanifold M is called an invari-
ant submanifold. Moreover, if v is identically zero, i.e., U € I'(T+M) for any
U € T'(T M), then submanifold M is known as anti-invariant submanifold.

3. Quasi hemi-slant submanifolds of Kenmotsu manifolds

In the current section, we study and define the quasi hemi-slant submanifolds
of Kenmotsu manifolds and we acquire the necessary and sufficient conditions
for the distributions associated with the definition of such submanifolds to be
integrable.

Definition 3.1. A submanifold M of a Kenmotsu manifold N, is said to be a

quasi hemi-slant submanifold if there exists three orthogonal distributions D, D?

and D+ of M, at the point p € M satisfying the following properties [17]:

(1) T M possess the following orthogonal direct decomposition

TM=D®D’®D+e <€ >,

where < £ > denotes the distribution spanned by &,

(2) D is the invariant distribution, i.e., D = D,

(3) DY is the slant distribution with slant angle 6,

(4) D+ is the ¢— anti-invariant distribution, i.e., pD+ C T+ M.
Consequently, @ is called as quasi hemi-slant angle of M. Now, consider m, m

and m™* be the dimension of the distributions D, D? and D=, respectively and

then we see the following cases:

e M is hemi-slant submanifold if m = 0, m? # 0 and m* # 0,

e M is semi-invariant submanifold if m # 0, m? = 0, and m* # 0,

e M is semi-slant submanifold if m # 0, m? # 0 and m* =0,

e we may call M as proper quasi hemi-slant submanifold if m # 0, m* # 0 and
me#OwithO;«éO,g.

0

Hence, one can easily observe that the notion of quasi hemi-slant submanifold
is a generalization of invariant, anti-invariant, semi-invariant, slant, semi-slant
and hemi-slant submanifolds.

Let M be a quasi hemi-slant submanifold of Kenmotsu manifold /. Suppose
that P, PY and P+ be the projections of U € I'(T M) on the distributions D, D?
and D, respectively. Then we have the following conditions:

X =PX +P°X 4+ P+ X +n(X), (16)
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for any X € T'(TM).
Now in view of (10), (16) takes the form

¢X =vPX +wPX +vP’X + wP’X + vP+ X + wP1X.

But since, ¢D = D and ¢D+ C T+ M, we have wPX =0 and vP?X = 0.
Hence, we have

$X =vPX +vP'X + wP’X + wPX. (17)
Since ¢D = D, we have wPX = 0. Therefore, we get
X =vPX +vP X + wP X +vP X +whPy X.
So, it is obvious that
vX =vPX +vP’X,

and

wX =wP’X +wPtX
which implies that

¢(TM)=D@vD’ ®wD? wD*, (18)
and
T*M =wD? ®wD* @ p, (19)

where 4 is the orthogonal complement of wD? @ wD* in I'(T+M) and p is
invariant with respect to ¢.
Also, for any N € I'(T+M), we put

6N = FN + GN, (20)
where FN € T'(D? @ DY) and GN € T'().

Lemma 3.2. Let M be a quasi hemi-slant submanifold of a Kenmotsu manifold
N. Then we have the following observations [21]:

vD =D, vD+ =0, FwD? = DY,

FwD+ = D+, and vD? c DY,

With the help of the equations (1), (10) and (11), we can obtain the following
observations:

Lemma 3.3. Let M be a quasi hemi-slant submanifold of a Kenmotsu manifold
N and consider the endomorphism v, the projection morphism w,F and G in
the tangent bundle of M, then

(i) VP+Fw=-T+n®&onTM,

(1)  wrv+Gw =0 onTM,

(i)  wr+Gw =0 onTM,

(i) vF+FG =0 onTtM,

where I is an identity operator.
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Proof. From the equation (10), we have
U = vl +wU
for any U € T'(T M). Operating ¢ on both sides, we obtain
$2U = ¢vU + ¢wU.

By using equation (1) and comparing tangential and normal parts, we have the
required identities (i) and (#¢). Similarly, with the help of the equations (11)
and (1) for any N € T'(T+M), we have the rest two identities (#3i) and (iv). O

Lemma 3.4. Let M be a quasi hemi-slant submanifold of a Kenmotsu manifold
N, then for any X € T(TM) and N € T(T+M), we have

VxFN — AgnX + vANX — FV%N = g(wX, N)¢,
h(X,FN)+ V%GN +wAxNX — GVxN =0,

(VxF)N = Agn X — vANX + g(wX, N)¢,

and

(VxG)N = —h(X,FN) —wAnX.
Proof. For any X € I'(TM) and N € I'(T+ M), we have

(Vx@)N = g(6X, N)¢ — n(N)oX.
Bu using the equations (7), (8), (10) and (11), we obtain

VxFN +h(X,FN)+ (-~AgnyX + VxGN) + vAny X
+wWANX — FV%N — GV%N = g(¢X, N)E.

Now comparing the tangential and normal parts, we get the first two assertions.
Next with the help of (14) and (15), we obtain the rest two required results.
O

In a similar way as Lemma 3.4, using the equations (7), (8), (10), (11), (12)
and (13), we also have the following properties:

Proposition 3.5. Let M be a quasi hemi-slant submanifold of a Kenmotsu
manifold N, then for any X,Y € T(TM), we have

VxvY — A,y X —vVxY — Fh(X,)Y)=gwX,Y){ —n(Y)vX,
h(X,vY) 4+ VixwY —wVxY — Gh(X,Y) = —n(Y)wX,
(Vxv)Y = Aoy X + Fh(X,Y) + g(v X, Y)E = n(Y)r X,

and
(Vxw)Y = Gh(X,Y) — n(Y)wX — h(X,vY).
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For later use, we state the following Lemmas related to the distributions D¢ and
D+ involved in the definition of hemi-slant submanifold:

Lemma 3.6. Let M be a quasi hemi-slant submanifold of a Kenmotsu manifold
N, then

(i)  v2U = —(cos?0)U,

(ii)  g(vU,vV) = (cos?0)g(U,V),

(iii)  g(wU,wV) = (sin?0)g(U,V)

for any U,V € (DY) .

Proof. Proof of this lemma is same as in [22]. O

Lemma 3.7. Let M be a quasi hemi-slant submanifold of a Kenmotsu manifold
N, then

ApywZ = AgzW +v([W, Z)),
and
VZoW — VipoZ = w([Z,W])
for all Z,W € D+,
Proof. Let Z,W € D, then
(Vz)W =V z(¢pW) — ¢(VzW).
By making use of the equations (5), (7) and (8), we obtain

9(DZ,W)E —n(W)pZ = — Agw Z + NV 56W — v(V W)
—w(VzW) = FWZ,W) — Gh(Z,W).

Now, comparing tangential and normal parts, we get

0=—-ApwZ —v(VzW)—Fh(Z,W), (21)
and

VoW —w(VzW) — Gh(Z,W) = 0. (22)
Now, interchanging Z and W in the equations (21) and (22), we get

0=—-ApzW —v(VwZ) — Fh(W, Z), (23)
and

V50Z —w(VwZ) — Gh(W, Z) = 0. (24)

Now, subtracting equation (23) from (21) and equation (24) from (22), respec-
tively and using the fact that h is symmetric, we obtain the required results. O
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4. Integrability of distributions

In this section we will derive some results on involved distributions D, D? and
D of quasi hemi-slant submanifold, which play a crucial role from a geometrical
point of view.

Theorem 4.1. Let M be a quasi hemi-slant submanifold of a Kenmotsu mani-
fold N, then the distribution D @ D? @& D+ is integrable.

Proof. For X, Y € D@ D? @ D+, we have
9([X,Y],€) = g(VxY,§) —g(Vy X,£)
= Xg(Y,€) — g(Y,Vx§&) = Yg(X, ) + 9(X,Vy§)
=g(X,Y —n(Y)§) — g(Y, X — n(X)§)

=0.
Since, TM = D ® DY ® D*@® < ¢ >, therefore [X,Y] € D@ DY ® D+. So,
D @ DY @ D™ is integrable. t

Theorem 4.2. Let M be a quasi hemi-slant submanifold of a Kenmotsu mani-
fold N'. Then the invariant distribution D is integrable if and only if

g(VyvV — VyolU,vP?Z) = g(h(V,vU) — h(U,vV),wZ) (25)
for any U,V € T'(D) and Z = P°Z + P+ Z ¢ T(D? & D).
Proof. As we know that the invariant distribution D is integrable on M if and
only if g([U,V],€) = 0 and g([U, V], Z) = 0 for any U,V € I'(D), Z € T(D?®D%)
and £ € T(TM).
Since M is a quasi hemi-slant submanifold of a Kenmotsu manifold A/, therefore,
immediately we have

g([U.V],€) = g(VuV, &) — g(VvU,§)
=Ug(V,&) — g(V,Vué) = Vg(U, &) + g(U, Vve)

=g9(U,V —=n(V)§) — g(V,U —n(U)¢)
0.

Thus, the invariant distribution D is integrable iff ¢([U, V], Z) = 0.
Now, for any U,V € T(D) and Z = P°Z + P+Z ¢ T'(D? @ D+), with the
help of the equations (2) and (4), we have

9(U, V], Z) = g(o([U, V]), 0Z) +n([U, V])n(Z)
= 9(6(VuV),0Z) — g(6(VvU), 62)
= 9(VuoV = (Vup)V.9Z) — g(VvoU — (Vvo)U, $Z)
=9(VuoV,02) — g(Vuo)V,0Z) — g(VvoU,dZ) + g(Vvo)U, ¢Z).
Now using the fact that wU = 0 and wV = 0 for any U,V € I'(D), we obtain
9([UV],€) = g(Vu(wV),0Z) — (Vv (VU), ¢Z).
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By using the equation (7), we have
9(U V], 2) = g(Vu (V) = Vv (U),¢Z) + g(h(U,vV) = h(V,vU), ¢Z).
Again using the equation (10) for any Z = P?Z + P+ Z € T'(D? © D1), we get
g([U, V], Z) =g(VyvV — VyvU,vP’Z + vP+Z) + g(h(U,vV)
— h(V,vU),wP’Z + wP*+ 7).
This proves the assertion. O

Theorem 4.3. Let M be a proper quasi hemi-slant submanifold of a Kenmotsu
N. Then the slant distribution D is integrable if and only if

g(val Ul - AwUlvlv VPZ) :g(AwuVlUl - AwVUlvvh Z)
+ 9(V§,wWi — Vi wlUy,wP+2Z)
for any Uy, V; € (DY) and Z € T(D @ D).

Proof. For any Uy, Vy € T'(DY) and Z = PZ + P+Z € T(D @ D4), the distri-
bution D? is integrable on M iff g([Uy, Vi],€) = 0 and g([Uy, V1], Z) = 0, where
¢ € T(TM). Now, the first case is obvious as in Theorem 4.2. So, the slant
distribution DY is integrable iff g([Uy, V1], Z) = 0.

Now, for any U;,V; € T(D?) and Z = PZ + P+Z € T'(D @ D'), using the
equation (3) we get

9([U1, V1], Z) = g(¢[U1, V1], 0 Z) + n([Ur, Vi)n(Z)
= 9(6(Vu,W1),9Z) — g(6(Vi, ), 62).
Now using the equations (5) and (10), we get
9([U1, V1], Z) =g(Vu, V1 + w), 6Z) — g(Vv, (vU1 + wlh), 6Z)
—{9(oU1,V1)g(§, 0Z) — n(V1)g(oU1, ¢Z)}
+{9(6V1, U1)g(§, ¢2) = n(Ur)g(oV1, 92)}
=9(Vu, (WW1),0Z) + g(Vu, (W), 0Z) — g(Vv, (vU1), 9Z)

—9(Vv, (wlh),92)

which in light of the equations (5) and (8) and the fact that (Vy¢)V = VyoV —
qﬁﬁUV, we obtain the following condition:

9([U, V1], Z2) = = g(Vu, o (V1) = (Vu, 9)vV1, Z) + 9(Vvi o(vUL) — (Vv @)vUn, Z)
+9(— A, Ur + Vw1, 02) — g(—Aut, i + Vi wlUy, ¢Z)
=—g(Vu,6(vV1), Z) + g(Vv,6(vU1), Z) + g(—Aur, Ur + Vi, w1, 62)
— 9(—Auu, Vi + Vi, wUi, ¢Z).
Now for any Z = PZ + P1Z € T'(D ® D%), from the equation (10) we obtain
g([U1, 1], Z2) = — g(Nu,v* Vi, Z) — g(Vu,wv Wi, Z) + g(Vv, V2 Us, Z)
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+ g(Vv,wvUy, Z) — g(Auv, Uy — Auu, Vi, vZ + wZ)
+ 9(Vi,wVi — Vi, wUi, ¢PZ + ¢P* 7).

With the help of Lemma 3.6 and well-known fact wPZ = 0, the above equation
leads to

(U1, V1], Z) =cos*0g(V v, Vi — Vv,Ui, Z) — g(Vy,wvVy — Vy,wvlUy, Z)
— 9(Au,Ur — Ay, Vi,vPZ) + g(V,wVi — Vi, wUy,wP*Z)
=cos?0g([U1, V1], Z)
—g(—Auv, Ur + VﬁlwuVl + A, Vi — Vﬁlqul, Z)
— 9(Aun Ui — Ay, Vi, vPZ) + g(Vi,wWi — Vi, wUy,wPZ)
=cos°0g([U1, V1], Z) — g(—Awwvi U1 + Auwt, V1, Z)
— 9(Auv, Ut — Ay, Vi,vPZ) + g(Vi,wVi — Vi, wUi,wP*Z)
which implies that
sin*0g([U1, V1], Z) =9(Auv, Ut — Auwr, V1, Z) — g(Auv, U — Ayy, Vi, vPZ)
+g(V§,wVi — Vi wUi,wPZ).
Thus the statement of the Theorem 4.3 follows. (|

Now, with the help of the above result, the sufficient condition for DY to be
integrable is given by the following theorem:

Theorem 4.4. Let M be a proper quasi hemi-slant submanifold of a Kenmotsu
manifold N'. If

Ay Uy — Ay, Vi € D+ @ DY

Awyvl Ul - AwyUl‘/l € De
and
Vi,wVi — Vi, wly € wD? & g
for any Uy, Vi € T(DY), then the slant distribution D? is integrable.

Theorem 4.5. Let M be a proper quasi hemi-slant submanifold of a Kenmotsu
N. Then the anti-invariant distribution D+ is integrable if and only if

g(v([U,V]),vX) = g(ViwlU — ViwV, wP?X)
for any U,V € T(D%), and X € T'(D @ D?).

Proof. The anti-invariant distribution is integrable iff for any U,V € I'(D+) and
X e (D@ DY), we have g([U, V], X) = 0, where X = PX + PYX e T'(D® D?).
Now from the equation (2), we have
9([U, V], X) = 9(o([U, V]), 9X) + n([U, V])n(X)
= 9(o([U,V]), 6X)
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=g9(¢VuV,¢X) — g(¢Vv U, ¢ X)
=9(VuoV,¢X) — g(VvoU, ¢X).

In view of the equation (8) and the fact that wPX = 0, the last equation takes
the form

g([U.V], X) = g(-AgvU + AguV, 6X) + g(V56V — ViU, 6 X)
= g(—ApvU + Ay V.vPX + vP’X) + g(VESV — Vi¢U, wP? X).
In the account of Lemma 3.7, we get the following consequences:
9([U V], X) = g(w([U,V],vX) + g(ViwV — VywU,wP?X).
This shows that anti-invariant distribution D= is integrable if and only if
g(([U,V]),vX) = g(VHEwU — VwV,wP?X).
Hence, the theorem is proved. O

We also have the following necessary and sufficient condition for anti-invariant
distribution D+ to be integrable:

Theorem 4.6. Let M be a quasi hemi-slant submanifold of a Kenmotsu mani-
fold N, then the anti-invariant distribution D' is integrable if and only if

ApwZ = ApzW
for any Z,W € D+,
Proof. With the help of Lemma 3.7, for any Z, W € D+ we have
ApwZ = AgzW + v([W, Z]).

Now if D+ is integrable then for any Z, W € T'(D%), we have [W, Z] € T'(D%),
which implies that v([W, Z]) = 0.
Hence, from the above equation we have

AgwZ = Agz W.
Conversely, if AgwZ = ApzW, then we have
v(W,2)) =0 = [W,Z] e D*

for any Z, W € D+. Hence, D' is integrable. U

5. Totally geodesic foliations

Now, we give some results on totally geodesicness property of quasi hemi-slant
submanifolds of a Kenmotsu manifold.
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Theorem 5.1. Let M be a proper quasi hemi-slant submanifold of a Kenmotsu
manifold N'. Then M defines totally geodesic foliation if and only if
g(h(Z, PW) + cos*0h(Z, PPW), V) = g(VzwvP'W,V)
+9(Aupow Z + Auprw Z, FV) = g(VzwW,GV)
for any Z,W € T(TM) and V € T'(T+M).

Proof. By using (Vx¢)Y = Vx¢Y — ¢(VxY) and the equation (2), we have
the following conditions

g(VzW, V) =g(VzPW, V) + g(VzP°W, V) 4 g(V z P*W, V)
=g(VzPW, V) + g(¢V zP°W, V) + n(V 2 P*W)n(V)
+9(pV 2P W, oV) + n(V z PEW)n(V).
With the help of the equations (2),(5), (10), (11) and Lemma 3.7, we obtain
g(VzW, V) =g(VzPW, V) + g(V zvP°W, ¢V) + g(V zwP°W, ¢V')
+ g(VzwPtW,¢V)
=g(VzPW,V) = g(V 202 P'W + ¥V zwv P’ W, V)
+ g(Vz2wPW, ¢V) + g(V zwPW, V)
=g(V 2 PW, V) + cos?0g(V z P°W, V) — g(V 2w P W, V)
+9(VzwP W, V) + g(V 20 P W, V).
Using the equations (7) and (8), we have
g(V oW, V) =g(W(Z, PW), V) + cos*0g(h(Z, P°W), V) — g(Vgwr P W, V)
+ g(=Aypow Z + VEwP W, ¢V) + g(—Ayprw Z + VEwPEW, V)
=g(MZ, PW) + cos®0h(Z, P°W), V) — g(Ap,pow Z + Auprw Z, FV)
+9(VzwW,GV) — g(VzwrP'W,V)

and hence we have the required result.
O

Theorem 5.2. Let M be a quasi hemi-slant submanifold of a Kenmotsu mani-
fold N'. Then the invariant distribution D does not define totally geodesic folia-
tion on M.

Proof. The invariant distribution D defines a totally geodesic foliation on M iff
g(VuV,€) = 0,9(VV, Z) = 0 and g(VyV, W) = 0, for any U,V € (D), Z =
P°Z 4+ P+Z e T(D? ® DY) and W € T(T+M). Since, g(VyV, &) = Ug(V,€) —
g(V, V&) = —g(V,Vy€). With the help of the equation (6), we have
9(VuV,§) = —g(V.U = n(U)¢)
= —g(V,U) +0(U)g(V;§)
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=—9(V,U)
#0
for some U,V € I'(D).

As g(VyV,€) # 0, therefore invariant distribution D does not define totally
geodesic foliation on M. O

Similarly as above we have the following theorems for slant distribiution D? and
anti-invariant D=

Theorem 5.3. Let M be a quasi hemi-slant submanifold of a Kenmotsu mani-
fold N'. Then the slant distribution D® with slant angle @ does not define totally
geodesic foliation on M.

Theorem 5.4. Let M be a quasi hemi-slant submanifold of a Kenmotsu mani-
fold N'. Then the anti-invariant distribution D+ does not define totally geodesic
foliation on M.

6. Examples
Let us consider an 11-dimensional manifold

M: {(I17x25z3az47x57y1ay27y3ay47y572) € Rll L2 7£ O}a

where (x;,v;,2),7 = 1,2,3,4,5 are standard coordinates in R*!. We choose the

vector fields

_ 2D _ 2.8 _ 2
€ =e “5. €54 =€y €11 = 77,

where i = 1,2,3,4,5, which are linearly independent at each points of M. Let
g be the Riemannian metric defined by

g=e*(dx @ dr+dy@dy) +n®,
where 7 is the 1- form defined by

n(X) = g(X, e11),
g(eiej) =0 and g(e,e) =1

for any vector field X € I'(TM) and V i,j = 1,2, ..., 10. Hence {e1, €3, ..., €11} is
an orthonormal basis of M. We define (1,1) tensor field ¢ as

5 ) . 5 . .
¢{Zi:1(Xza%i + YZ%) + Z%} = Zi:l(Xzaiyi - Yza%i)-

Thus, we get
o(e1) = e, d(e2) = e7, d(e3) = es, b(eq) = e,

p(e5) = €0, d(e) = —eu, P(e7) = —ea, B(eg) = —e3,
P(€9) = —€u, P(e10) = —es, ¢(e11) = 0.
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The linearity property of g and ¢ yields that

7](611) = 9(6117611) =1,
¢*X = =X +n(X)ew,
and
9(¢X,9Y) = g(X,Y) — n(X)n(Y)
for any vector fields X,Y on M. Thus for e;; = &, M(¢,£,1m,9) defines an
almost contact metric manifold.

Now by using well-known Koszul’s formula for the Riemannian connection V is
given by

for any vector fields X,Y,Z on M, we can easily verify the equations (5) and

(6) for any vector fields X,Y,Z on M. Therefore, M(¢,&,7,g) is a Kenmotsu
manifold. Moreover, we have

[Eiag] = €4, [€i7€j] =0, V'L,j =1,2,...,10.

Using Koszul’s formula, we can easily find that
Veiei:_§7 veiej =0, fOI‘Z'#j,
Ve, =¢€, Vee; =0, Vi, j=1,2,...,10.

Now, let M be a subset of M and consider the immersion f : M — M defined
as
flu,v,w,r, s,t,2) = (u,0,w,0, s,vcosd,vsind, 0, t, z),
where, 0 < 6 < 5. If we take
X1 =¢€q, X5 = cosbeg + sinber, X3 = €3, X4 = €9,

X5 = ¢5, X6 = €10, X7 =§=-en,

then the restriction of X7, X5, ..., X7 to M forms an orthonormal frame of the
tangent bundle 7 M. Obviously, we get

»X1 = €, ¢ X = —cosbe; — sinbes, ¢ X3 = es, ¢ Xy = —ey,
§Z5X5 = €10, ¢X6 = —€5, ¢X7 =0.
Let us put D? = span{X;, Xy}, D+ = span{X3, X4} and D = span{Xs, X¢}.

Then obviously DY, D+ and D satisfy the definition of quasi hemi-slant subman-
ifold of a Kenmotsu manifold. Hence, submanifold M defined by f is proper
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quasi hemi-slant submanifold of R* with slant angle 0 < § < Z.
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