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Quasi-hemi slant submanifolds of para Hermitian manifolds

S. K. Chanyal?

?Department of Mathematics, D. S. B. Campus, Kumaun University, Nainital-263002, Uttarakhand, India

Abstract. The aim of the present paper is to study quasi hemi slant submanifolds in a para Hermitian
manifold. We study properties and condition of integrability of the distributions in the quasi hemi slant
submanifold. In addition, we find the necessary and sufficient condition for a quasi-hemi slant submanifold
of a para Kaehler manifold to be totally geodesic and study the geometry of foliations determined by

distributions. Furthermore, we present some examples of quasi-hemi slant submanifolds of para Hermitian
manifolds.

1. Introduction

The notion of slant submanifold was initiated by B. Y. Chen [6, 7] in 1990. He studied slant submanifolds
in an almost Hermitian manifold. It is well known that this type of submanifolds are generalization of
holomorphic (invariant) and totally real (anti-invariant) submanifolds. In 1996, A. Lotta [3] introduced the
notion of slant immersion of Riemannian manifold into an almost contact metric manifold. Many geometers
studied slant submanifolds in Riemannan manifolds equiped with different kind of structures [4, 5, 9]. P.
Alegree and A. Carriazo [13, 14] extended the notion of slant submanifolds in para Hermitian manifold and
studied bislant submanifolds.

The slant submanifolds were generalized as semi-slant submanifolds, hemi-slant (pseudo-slant) sub-
manifolds, bi-slant submanifolds and quasi-hemi slant submanifolds. These genaralisations have been
studied by several geometers [1, 2, 8, 10, 12, 20, 22]. Recently many geometers generalized these notions as
quasi-bislant submanifolds. R. Prasad, A. Haseeb, S. Singh, S. K. Verma, M. A. Akyol, S. Y. Perktas, A. M.
Blaga, S. Uddin and others studied quasi bislant submanifolds [11, 15-19, 21].

This paper is organised as follows. After introduction, section 2 contains some basic results and
definitions related to para-Kaehler manifold. We mention some theorems regarding slant distributions
and define quasi-hemi slant submanifold of a para Hermitian manifold in this section. Section 3 contains
the study of quasi-hemi slant submanifolds. This section is devoted to the geometry of distributions. We
study integrability conditions of distributions, geodesic foliations defined by distributions in this section.
In section 4 we give examples of quasi-hemi slant submanifolds.

2. Preliminaries

A pair (M, ]), where M is a smooth manifold and J is a (1, 1)-tensor field on M satisfying J* = Id is called
an almost product manifold and ] is called an almost product structure on M. It is called an almost para
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complex structure if two eigenbundles
T™M :=ker(Id —J), T M :=ker(Id +])

have same dimension. In this case M, which is even dimensional, is called an almost para complex manifold.

A para Hermitian manifold M is a para complex manifold (M, J) endowed with a pseudo-Riemannian
metric g satisfying

90X, Y) +9(X, JY) =0, 1)

for any vector fields X, Y on M. 1t is said to be a para Kaehler if, in addition

V=0, )

i.e., ] is parallel with respect to V, the Levi-Civita connection of g.
Let M be a pseudo-Riemannian submanifold isometrically immersed in a para Hermitian manifold

M, J, 7). We have the following Gauss and Weingarten formulae:
VxY = VxY + (X, Y), 3)
VxV = -AyX + ViV, (4)

for any X, Y € TM and V € T*M, where V and V+ are respectively induced connections on the tangent
bundle TM and normal bundle T*M. Here h is second fundamental form of M and Ay is the Weingarten
endomorphism associated with V satisfying the following relation

gh(X, Y), V) = g(AvX, Y). )
For any X € TM and V € T*M, we put
]X = qf)X + a)X, ]V =aV + ﬁ‘// (6)

where ¢pX, aV € TM (wX, BV € T+M) are respectively called tangential (normal) components of JX, JV.
The covariant derivative of projection morphisms given in the equation (6) are defined by

(Vx$)Y = VxdY — pVyY, )
(Vxw)Y = ViwY — wVxY, (8)
(Vxa)V = VxaV —aViV, ©)
(VxB)V = VLBV — BVLV, (10)

forany X,Y e TMand V € T*M.
Now, first we recall the following definitions:

Definition 2.1 ([13]). A submanifold M of a para Hermitian manifold (M, ], g) is called slant if for every space-like
9(@X, X)
9UX, JX)

Itis clear from the definition 2.1 that both complex and totally real submanifolds are particular cases of slant
submanifolds. A neither complex nor totally real slant submanifold is known as proper slant submanifold.

or time-like tangent vector field X, the quotient is constant.

Definition 2.2 ([14]). Let M be a proper slant submanifold of a para Hermitian manifold (M, ], g) . We say that it is
of
Type 1 if for every space-like (time-like) vector field X, if pX is time-like (space-like), and ﬁ—?ﬂ >1,
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. D ) . T . IpXI
Type 2 if for every space-like (time-like) vector field X, if $X is time-like (space-like), and Jz <1,

Type 3 if for every space-like (time-like) vector field X, if pX is space-like (time-like).

Definition 2.3 ([14]). A differentiable distribution D on a para Hermitian manifold (M, ], g) is called a slant dis-

tribution if for every non-light-like X € D, the quotient % is constant. Where PpX is projection of X over
D.

It is easy to see that for invariant and anti-invariant distributions are particular cases of slant distributions.
A slant distribution is called proper if it is neither invariant nor anti-invariant distribution.

Definition 2.4 ([14]). Let D be a proper slant distribution of a para Hermitian manifold (M, ], g) . We say that it is
of

Type 1 if for every space-like (time-like) vector field X, if PpX is time-like (space-like), and IPo]

X
Type 2 if for every space-like (time-like) vector field X, if PpX is time-like (space-like), and 'Il) ]DXT' <1,

Type 3 if for every space-like (time-like) vector field X, if PpX is space-like (time-like).

>1,

Next, the following result gives a characterization of slant distributions on para Hermitian manifolds:

Theorem 2.5 ([14]). Let D be a distribution of a para Hermitian manifold (M, ], g) . Then,

(1) D is a slant distribution of Type 1 if and only if for any space-like (time-like) vector field X, PpX is time-
like(space-like), and there exists a constant A € (1, +oo) such that

Py = AL

Moreover, in such a case, A = cosh?6.
(2) D is a slant distribution of Type 2 if and only if for any space-like (time-like) vector field X, PpX is time-
like(space-like), and there exists a constant A € (0, 1) such that

P = AL

Moreover, in such a case, A = cos>6.
(3) D is a slant distribution of Type 3 if and only if for any space-like (time-like) vector field X, PpX is space-
like(time-like), and there exists a constant A € (0, +o0) such that

Py = —-AL

Moreover, in such a case, A = sinh?6.
In each case, O is called the slant angle of the distribution D.
Now we define quasi-hemi slant submanifold of a para Hermitian manifold.
Definition 2.6. A submanifold M of a para Hermitian manifold (M, ], g) is called quasi hemi-slant submanifold if
there exists distributions D, Dg and D* such that

(i) TM admits the orthogonal direct decomposition as TM = D @ Dy @ D+,
(ii) the distribution D is invariant, i.e., [D = D,

(iii) the distribution Dy is slant distribution,

(iv) the distribution D+ is anti-invariant, i.e., JD+ C T*M.

If 6 denotes the slant angle of Dy, we observe that

(@) If dim D # 0, dim Dg = 0 and dim D+ = 0, then M is an invariant submanifold.
(b) If dim D # 0, dim Dy # 0,0 < 6 < 1t/2 and dim D+ = 0, then M is proper semi-slant submanifold.
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() Ifdim D =0, dim Dy # 0,0 < 6 < /2 and dim D+ = 0, then M is a proper slant submanifold with
slant angle O .

(d) If dim D = 0, dim Dg = 0 and dim D+ # 0, then M is anti-invariant submanifold .

(e) If dim D # 0, dim Dg = 0 and dim D+ # 0, then M is a semi-invariant submanifold.

(f) If dim D = 0, dim Dy # 0,0 < 6 < /2 and dim D+ # 0, then M is a proper hemi-slant submanifold.

(g) If dim D # 0, dim Dg # 0,0 < 0 < m/2 and dim D* # 0, then M is a proper quasi hemi-slant
submanifold.

Definition 2.7. Let M is a quasi hemi-slant submanifold of a para Hermitian manifold (M, ], g). We say M is of
type 1, type 2 or type 3 according as the slant distribution Dy is of type 1, type 2 or type 3.

3. Quasi hemi-slant submanifolds of a para Hermitian manifold

Let M be a quasi hemi-slant submanifold of a para Hermitian manifold (M, J, g). Then for any X € TM,
we write

X = PX + QX + RX, (11)

where P, Q and R are projections of TM onto the distributions D, Dy and D+ respectively. From equations
(6) and (11), we have

JX = pPX + pQX + wQX + wRX,
which implies

J(TM) = D ® $Dg ® wDg & wD™*.
So we have

T*M = wDg ® wD* &,

where p is orthogonal complement of wDg ® wD* in T+ M. It is invariant with respect to J. Now, it is easy
to prove the following lemma.

Lemma 3.1. Let M is a quasi hemi-slant submanifold of a para Hermitian manifold (M, ], g), then
¢D =D, ¢Dg =Dy, ¢D* =10}, awDy =Dy, and awD*=D".
Now we prove the following lemma.

Lemma 3.2. Let M is a quasi hemi-slant submanifold of a para Hermitian manifold (M, ], g), then for any X € TM
and V € T+ M, we have

P*’X+awX =X,  wpX+pwX=0
daV+apV =0, waV+p V=V

Proof. The proof is straight forward from the equations (1) and (6). O

Lemma 3.3. Suppose that M is a quasi hemi-slant submanifold of a para Hermitian manifold (M, J, g). If M is quasi
hemi-slant submanifold of type 1, then we have

X = (cosh20)X,  g(pX, dY) = —(cosh?0)g(X, Y)

and g(wX, wY) = (sinh*0)g(X, Y), forall X, Y € T (D).
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Proof. Since M is quasi hemi-slant submanifold of type 1, by definition 2.7 it follows that TM = D®Dy & D+,
where Dy is slant distribution of type 1. Hence from theorem 2.5, there exists A € (1, +o0) such that

P*X = AX,
or equivalently
»*X = (cosh*0)X,
for all X € I'(Dg) and 0 is slant angle of Dg. Now, for any X, Y € I'(Dg) we have
g@X, ¢Y) = g(X, §Y) = —g(X, JY) = —g(X, ¢*Y),
and
—9(X, Y) = g(JX, JY) = g(¢X, Y) + g(@X, 0Y).
Hence the lemma. [
In similar manner, we have the following lemmas:

Lemma 3.4. Suppose that M is a quasi hemi-slant submanifold of a para Hermitian manifold (M, ], g). If M is quasi
hemi-slant submanifold of type 2, then we have

P°X = (cos0)X,  g($X, $Y) = ~(cos*O)g(X, )
and g(wX, wY) = (sin*0)g(X,Y), forall X,Y e I'(Dy).

Lemma 3.5. Suppose that M is a quasi hemi-slant submanifold of a para Hermitian manifold (M, ], g). If M is quasi
hemi-slant submanifold of type 3, then we have

O*X = (—sinh*0)X,  g(pX, PY) = (sinh*0)g(X, Y)
and gwX, wY) = (—coshze)g(X, Y), forall X,Y € T'(Dp).
Next, we obtain covariant derivative of projection morphisms.
Lemma 3.6. Let M is a quasi hemi-slant submanifold of a para Kaehlerian manifold (M, ], g), then, we have
(Vx$)Y = A X + ah(X, Y),
(Vx@)Y = Bh(X, Y) = h(X, ¢Y),

(Vxa)V = Agy X - p(AvX),
(VxP)V = —w(AyX) - h(X, aV),

forany X, Y €e TMand V € T*M.
Proof. The proof follows from the equations (2), (3), (4), (7), (8), (9) and (10). DO

Now, we study integrability of distributions on M. Suppose X, Y € I'(D) and Z € I'(Dg @ D*), then from
equations (1), (2) and (3) we have

91X, Y1, Z) = —g(Vx]Y = Vy]X, ]Z)
= —g(VxpY — Vy X, $Q7) — g(h(X, ¢Y) — (X, Y), wZ).

Therefore, we have the following theorem.
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Theorem 3.7. Let M is a quasi hemi-slant submanifold of a para Kaehlerian manifold (M, ], g), then the invariant
distribution D is integtrable if and only if

g(VxPY = Vy@X, $QZ) = g(h(¢pX, Y) - h(X, ¢Y), wZ),
forany X, Y € I(D) and Z € T (Do ® D*).
Now, consider X, Y e I'(D*) and Z € I'(D & Dy), then from equations (1), (2) and (4) we have
9(X, Y], 2) = ~g(Vx]Y = VX, ]2)
= —g(VxwY — VywX, $pZ + wZ)
= g(Apy X — AuxY, ¢Z) — g(VywY — VywX, wZ).
Therefore, we state the following result.

Theorem 3.8. Let M is a quasi hemi-slant submanifold of a para Kaehlerian manifold (M, ], g), then the anti-invariant
distribution D* is integtrable if and only if

g(ﬂ(uYX - ﬂa)XY/ (PZ) = g(vi(t)y - V#CL)X, a)Z),
forany X, Y e I(D*) and Z € T(D @ Dy).
Next, we have the following criteria for integrability of slant distribution Dyg.

Theorem 3.9. Let M is a proper quasi hemi-slant submanifold of a para Kaehlerian manifold (M, ], g), then the slant
distribution Dy is integtrable if and only if

J(AvpxY = Awpy X, Z) + g( A X — AuxY, aZ) = g(VywX - VywY, BZ),
for X, Y e I(Dg) and Z € T(D & D).
Proof. Consider X, Y € I'(Dg) and Z € I'(D @ D*). Then from equations (1) and (2), we have
9(X, Y], Z) = —g(Vx]Y = VyJX, JY)
= g(VxJ¢Y = VyJ§X, Z) - g(VxoY - VywX, ]Z)
= g(Vxd?Y = Vy¢*X, Z) + g(VxwdY — VywdX, Z)
- g(ﬁXwY — ?ya)X, 12).
Last equation implies
9(X, Y1, Z) = g(Vx§*Y = Vy§*X, Z) = g(AupxY — AwsyX, Z)

+g(ﬂmYX - ﬂwXYr CKZ)
—g(VEoX - VoY, p2). (12)

Now we have the following cases. If Dy is slant distribution of type 1, then using theorem 2.5 in the equation
(12), we obtain
(_Sinhze)g([xr Y], Z) = g(ﬂw(pXY - ﬂwquX/ Z) + g(ﬂwYX - AuxY, aZ)
- g(VywX - VywY, BZ).

Hence the statement of the theorem. Similarly, If Dy is slant distribution of type 2, then using theorem 2.5
in the equation (12), we calculate

6in?0)g([X, Y1, Z) = g(AwsxY — AwsyX, Z) + g(AuyX — AuxY, aZ)
- 9(VywX - VyoY, Z),
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and if Dy is slant distribution of type 3, once again equation (12) yields

(cosi?0)g([X, Y1, Z) = g(AwoxY = AwpyX, Z) + g(AuyX — AuxY, aZ)
- g(VywX — VywY, BZ).

This completes the proof. [J

Theorem 3.10. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, J, g), then M is
totally geodesic if and only if the following conditions hold for any vector fields X, Y € TM, V € T+M:

g(h(X, PY), V) + Ag(h(X, QY), V) + g(VxwpQY, V)
+ g(AworX + Aury X, aV) — g(VxwY, V) =0,

where A is equal to cosh*0, cos®6 or —sinh®0 according as M is of type 1, type 2 or type 3 and 6 denotes slant angle
of the slant distribution.

Proof. Consider X, Y € TM and V € T*M. Then equations (1), (2) and (11) imply
9(VxY, V) = =g(VxJPY, JV) - g(VxJQY, JV) - g(VxJRY, ]V)

= g(VxPY, V) + g(Vx¢*QY, V) + g(VxwoQY, V)
- 9(VxwQY, JV) = g(VxwRY, JV).

Using equations (3) and (4), last equation implies

g(VxY, V) = g(h(X, PY), V) + g(h(X, $*QY), V) + g(VxwpQY, V)
+ g( Ay X + Ay X, aV) — g(VxwY, V). (13)

Now, first we consider that M is a proper quasi-hemi slant submanifold of type 1, then Dy is slant distribution
of type 1. From lemma 3.3 there exists a constant A € (0, +o0) such that $?QX = AQX or $p*QX = (cosh?6)QX,
for any X € TM, where 0 is slant angle of Dg. Hence equation (13) yields

9(VxY, V) = g(h(X, PY), V) + (cosh*0)g(h(X, QY), V) + g(VxwpQY, V)
+ g(Apor X + Aury X, aV) — g(VywY, BV).

Hence the statement.
If M is a proper quasi-hemi slant submanifold of type 2, then Dy is slant distribution of type 2. Using
lemma 3.4 in the equation (13), we obtain

g(?XY, V) =g(h(X, PY), V) + (COSZQ)g(h(X, QY), V) + g(VxwpQY, V)
+ g(Awoy X + AwryX, aV) — g(V;ga)Y, BV),

where 0 is slant angle of the distribution Dy. Hence the statement.
Finally if M is a proper quasi-hemi slant submanifold of type 3, then lemma 3.5 and equation (13) imply

GTxY, V) = glh(X, PY), V) — sin20)g(h(X, QY), V) + g(VEwpQY, V)
+ g(ﬂmQYX + Aury X, (XV) - g(V§C&)Y, ‘BV),

where 0 is slant angle of the distribution Dg. This completes the proof. [

Next, we discuss geodesic foliations defined by the distributions on M. First we have the following result.
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Theorem 3.11. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then the
invariant distribution D defines a totally geodesic foliation on M if and only if the following conditions holds for any
vector fields X, Y e T(D), Z e T(Dg @ D) and V € T*M:

9(VxoY, $Z) = g(h(X, ¢Y), wZ),
and
9(VxY, aV) + g(h(X, §Y), BV) = 0.
Proof. The proof is straight forward from equations (2), (3) and (4) and using the fact (D) = {0}. O

Theorem 3.12. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then the
invariant distribution D+ defines a totally geodesic foliation on M if and only if the following conditions holds for any
vector fields X, Y e T(D*), Z e I(D @ Dg) and V € T*M:

g(VzwY, wZ) = g(AxX, $Z),
and
g(ViwY, BV) = g(AuX, aV).
Proof. The proof is similar to the proof of previous theorem. [

Theorem 3.13. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then the
invariant distribution Dy defines a totally geodesic foliation on M if and only if the following conditions holds for any
vector fields X, Y € [(Dg), Z € (D& D*) and V € T*M:

J(ANX, ¢Z) = g(Avpy X, Z) + g(VxwY, wZ),
and

g(VEwY, BV) = g(VEwpY, V) + g(AwX, aV),
where O denotes the slant angle of the distribution Dy.
Proof.

9(VxY, Z) = —g(Vx¢Y, JZ) - g(VxwY, JZ)

= g(Vx¢*Y, 2) + g(Vxw9Y, Z) - g(VxwY, ]Z)

implies

9(VxY, Z) = g(Vx¢?Y, Z) = —g(AwpyX, Z) + 9(AuyX, 9Z) - g(VxwY, wZ)

Now, if Dg is slant distribution of type 1, using lemma 3.3, last equation implies

(—sinh?*0)g(VxY, Z) = —g(AwsyX, Z) + (A X, $Z) — g(VxwY, wZ), (14)
where 0 is the slant angle of Dg. Similarly we find

(=sink20)g(VxY, V) = g(VE@dY, V) + g(An X, aV) - g(ViwY, BV), (15)

where 0 denotes the slant angle of Dy. The statement of the theorem follows from equations (14) and (15).
In similar manner one can write the proof when Dy is slant distribution of type 2 or type 3. This
completes the proof. [
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Now, we study parallelism of projection morphism. We begin with the following theorem.

Theorem 3.14. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then ¢ is
parallel if and only if the shape operator A satisfies

AwyZ = AuzY,
forall Y, Z € TM.
Proof. Using equations (3) and (5) in the equation (7), we obtain

9(Vx)Y, Z) = g(AxX + ah(X, Y), Z)
=g(h(X, Z), oY) - g(h(X, Y), wZ)
= g(ﬂsz - ﬂwZY/ X)/

forall X, Y, Z € TM. Hence the theorem. [

Theorem 3.15. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then w is
parallel if and only if the shape operator A satisfies

ﬂﬁvy + ﬂvgby =0,
forallY e TMand V € T*M.

Proof. Let X, Y € TM and V € T*M. From equations (5) and (8), we have

7(VxwY), V) = g(Bh(X, Y) - h(X, ¢Y), V)
=—g(h(X, Y), BV) — g(AvPY, X)
= —g(AgyY + AvoY, X).

Hence the statement follows from the last equation. [

Theorem 3.16. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then w is
parallel if and only if a is parallel.

Proof. From equations (5) and (9), we obtain

9(VxoY), V) = g(Bh(X, Y) - h(X, $Y), V)
= —g(h(X, Y), BV) — g(AvX, JY)
= —g(Agy X — ¢(AvX), Y)
= —g((Vxa)V, Y),

forall X, Y € TM and V € T*M. Hence the assertion. [J

Theorem 3.17. Let M be a proper quasi-hemi slant submanifold of a para Kaehler manifold (M, ], g), then B is
parallel if and only if the shape operator A satisfies

Ayval = AyaV,
forall U, V e T*M.

Proof. The proof is similar to the proof of theorem 3.13. O
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4. Examples

Now, we construct examples of quasi-bi-slant submersions using the examples given in [13, 14]. We con-
sider the following para Kaehler structure on a pseudo-Euclidean space R2" with coordinates (x1, X2, ... X2,).

h(i)=aj+1, h( J ) 9 i=1,3,5,...,@n-1)

ox; 0Xis1 ox;’

and g; be the pseudo-Riemannian metric on R%" defined by

a 8 _ i+1 _ 1, i:j
91 (&_xlr a_x]) - (_1) 6ij/ Where 61] = { 0, i + ] ’

ie, R¥ is pseudo-Eucllidean space with signature (+,—,+,—,---) with respect to the cannonical basis
(%, %,... , % .
Example 4.1. Let M be submanifold of R'°, equipped with para Kaehlerian structure (J1, g1), defined by

(r,s, t, u,v,w,) e (ar, s, br, 1,0, u, 2t, t, v, W), (16)
where a, b € R satisfying (a> + b* # 1).
If we define

ae; + bes + ey 2es + eg
Xlz—,XZZEZ,X3=€6,X4:

where e; denotes % for each i and if we choose

, X5 =e9, X = €19,

D = Span{Xs, Xs}, D* = Span{X3, X4} and Dg = Span{Xy, Xa},
then it is easy to verify that TM = D @ Dg @ D* and D is invariant distribution, D+ is anti-invariant distribution
and Dy is slant distribution. For any X € I'(Dg) we easily find
2
2 a
X=—F-5—7X
¢ a2 +b? -1
Moreover we have the following cases:

1. M is quasi-hemi slant submanifold of type 1 if a> + b*> > 1 and b* < 1.
2. M is quasi-hemi slant submanifold of type 2 if a®> + b*> > 1 and b* > 1.
3. M is quasi-hemi slant submanifold of type 3 if a* + b* < 1.

Example 4.2. Let M be submanifold of R'° equipped with para Kaehlerian structure (J1, g1) defined by
(r,s, t,u, v, w,) > (r,bs,as,s,0,u,t 2t v w), (17)

where a, b € R satisfying (a> — b* # 1).
If we define

bey + aes + ey ey + 2eg
Xlz—,Xzzel,X3=€6,X4:

V@@ =12 -1) V3
if we choose
D = Span{Xs, X}, D* = Span{X;, X4} and Dg = Span{X;, X,},

then it is easy to verify that TM = D @ Dg @ D* and D is invariant distribution, D+ is anti-invariant distribution
and Dy is slant distribution. For any X € I'(Dg) we easily find
b2
2
X=——"7-—X
¢ -2+ +1

Moreover we have the following cases:

, X5 =e9, X = €19,
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1. M is quasi-hemi slant submanifold of type 1 if a*> — b*> < 1 and a* > 1.
2. M is quasi-hemi slant submanifold of type 2 if a* — b* < 1 and a® < 1.
3. M is quasi-hemi slant submanifold of type 3 if a*> — b* > 1.
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