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CR-submanifolds of a nearly cosymplectic manifold

By CONSTANTIN CALIN (Iagi)

0. Introduction

Among all submanifolds of Kéhlerian manifolds, CR—submanifolds
have been intensively studied from different points of view. Since A. BE-
JANCU [1] introduced the concept, several important results have been
obtained, some of them being brought together in [2].

It is the purpose of the present paper to consider and study the concept
of CR—submanifold in case of a nearly cosymplectic manifold. In the first
section we present some general formulas and basic results from the theory
of submanifolds in order to use them in the next sections. In the second
section we obtain necessary and sufficient conditions for the integrability
of distributions defined on a CR-submanifold of a nearly cosymplectic
manifold. In the third section we are dealing with totally contact umbilical
CR-submanifolds of a nearly cosymplectic manifold M. More precisely,
we prove that a totally contact umbilical CR—submanifold of M is totally
contact geodesic provided the dimension of the anti-invariant distribution
is greater than 1 or the invariant distribution is autoparallel. Finally, in
the fourth section we find theorems of decomposition for totally contact

geodesic CR-submanifolds of M.

1. Preliminaries

Let M be a real 2n + 1-dimensional differentiable manifold and f

&, m be a tensor field of type (1.1), a vector field and a 1-form on M,
respectively, satisfying

(1.1) P=-I+n0& nE =1 f§=0 nof=0,

where I is the identity on the tangent bundle TM of M.
Then, following BLAIR [4] we say that M is an almost contact manifold
and (f,&,n) is the almost contact structure on M.
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Throughout the paper, all manifolds and maps are differentiable of
ClaSS~ C°°. We denote by QIQM ) the algebra of the differentiable functions
on M and by I'(E) the 21(M)-module of the sections of the vector bundle

FE over M. _
Now, we suppose that there exists a Riemannian metric g on M which
satisfies

g(fX, [Y) = g(X,Y) —n(X)n(Y), VX,Y eT(TM).
This is equivalent with
(1.2) g(fX,Y)+9(X, fY) =0, VX,Y eT(TM).

In this case, we say that (f,£,n,g) is an almost contact metric struc-

ture and M is an almost contact metric manifold.

D.E. BLAIR has introduced in [4] the notion of a nearly cosymplectic
structure as follows: an almost contact metric structure (f,£,n,¢9) is a
nearly cosymplectic structure if and only if

(1.3) (Vx /)Y +(Vy )X =0, VX,Y € T(TM),

where V is the Levi-Civita connection on M.
It is easy to see (cf. [4], p. 84) that on a nearly cosymplectic manifold

M, ¢ is a Killing vector field, that is

Let M be an almost contact metric manifold and M be an m-dimen-
sional submanifold of M such that £ is tangent to M. We say that M is a

CR-submanifold of M if there exist two maximal distributions D and D+
such that

TM =D& Do {¢},
and
(1.5) fX eT(D); fY eT(TM™*), VX eI(D); Y eT(D4),

where TM+~ is the normal bundle of M, and {¢} is the 1-dimensional
distribution spanned by ¢. Thus the distributions D and D+ are invariant
and anti-invariant respectively on M. It follows that the distributions {£},
D and D+ are mutually orthogonal on each other.

Remark 1.1. The above definition has been given by A. BEJANCU and
N. PapacHIUC [3] for semi-invariant submanifolds of a Sasakian manifold.
Several results for this case can be found in [1]-[3], [7].

We denote by P and @ the projection morphisms of T'M to D and
D+ and obtain

(1.6) X =PX +QX +n(X)¢, VX eD(TM).
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Now, we define the tensor field ¢ of type (1.1) and the I'(T M*)-valued
1-form w as follows:

(1.7) tX = fPX and wY = fQY, VX eT(D), Y ¢ T(D%).
Finally, for any N € I'(TM~), we decompose the vector field fN:
(1.8) fN =BN + CN,

where BN and C'N are the tangent part and the normal part of fNN,
respectively. It is easy to check that ¢ defines an f-structure on T M and

C defines an f-structure on TM= in the sense of K. YANO [8].
Next we define the torsion tensor of f or the Nijenhuis tensor of f by

(1.9) Nf(X,)Y)
= [fX, fY]+ f2X.Y] - fIX, fY] - fIfX.Y], VXY € T(TM).
We recall the Gauss and Weingarten formulas, respectively:
110 VxY =VxY +h(X,Y);
VxN =-ANX +VxX, VX,Y €eT(TM), N € (TM"),
where V and V+ are the induced connections on TM and T'M~, respec-

tively, Ay is the shape operator with respect to the section N and h is the
second fundamental form of M. Then we have

(1.11) g(h(X,Y),N) =g(ANX,Y), VXY €¢T(TM), N e (TM™").
Also we define the fundamental 2-form ® of M by

(1.12) O(X,Y)=9g(X,fY), VXY el'(M).

For any XY, Z,W € D(TM ) we recall the curvature tensor K of the
Levi-Civita connection V as
(1.13) K(X,Y)Z =VxVyZ - VyVxZ —VixyZ.

We also recall the Gauss equation

14 K(X,Y,Z,W)
(1.14) = K(X,Y,Z,W)+g(h(X,2), MY,W)) — g(h(X,W),h(Y, Z)),

for any X,Y,Z, W € T(TM), where K(X,Y,Z, W) = g(K(X,Y)Z, W),
and K is the curvature tensor on M. The Codazzi equation is given by

(K(X,Y)Z)t = (Vxh)(Y,Z) - (Vyh)(X,Z), VX,Y eT(TM),
where (K (X,Y)Z)* is the normal component of K (X,Y)Z.
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Now for each plane 7w spanned by orthonormal vectors X and Y in
the tangent space T, M, © € M, we define the sectional curvature K (m) by

(1.15) K(r)=Ky(XAY)=g(K(X,Y)Y, X).
Next we have

Proposition 1.1. Let M be a nearly cosymplectic manifold. The
Nijenhuis tensor of f is given by

(1.16)  Np(X,Y) =4f((Vy [)X) +2dn(X,Y)E +n(Y)Vx¢
—n(X)Vy€, VXY € (TM).

PROOF. Taking account of the fact that V is a torsion-free connection
on M and by using (1.1) and (1.9) we deduce:

(L17) Np(X,Y) = (Vix )Y = (Vv HX + F(Vy X = (VxF)Y),
VX,Y e T(TM).
On the other hand, from (1.3) we infer
(L18) (Vyx /)Y = =(Vy N)fX = F(Vy F)X) = (Vyn) X)E=n(X) Vv €.
From (1.17) and (1.18) follows our assertion. O
By using (1.4) and Proposition 1.1 we obtain

Corollary 1.1. Let M be a nearly cosymplectic manifold. Then we
have

(1.19) N(£,Y) =3VyE, VY eT(TM).

By straightforward calculation, and by using (1.19) we infer

(1.20) n([X,Y]) = ;g(X,Nf(§7Y)), VX,Y e I'(D ® D).

2. Integrability of distributions on a
CR—submanifold of a nearly cosymplectic manifold

The purpose of this paragraph is to find necessary and sufficient condi-
tions for the integrability of distributions on a CR—submanifold of a nearly
cosymplectic manifold. We recall that some related results have been ob-
tained by S. IANUS [6]. First, by using (1.3), (1.10), (1.17) and (1.18), we
infer



CR-submanifolds of a nearly cosymplectic manifold 229

Proposition 2.1. Let M be a CR-submanifold of a nearly cosymplec-
tic manifold M. Then we have

R FY) = BUPX,Y) = SEENGGY) + () STy -
B g0 Vxe}+ FIX YD +20(Vx )Y )E + Ty fX = Vx fY,
VX,Y € T(D @ (€)).

Theorem 2.1. Let M be a CR—submanifold of a nearly cosymplectic

manifold M. The distribution D is integrable if and only if the following
conditions are satisfied:

(2.2) WX, fY) =h(fX,Y),
(2.3) Ni(X,Y)" e (D),

and

(2.4) Ny(&,Y) eT(DY),

for any X,Y € T'(D), where N;(£,Y)" is the tangent part of N;(£,Y).

PROOF. Suppose that D is integrable. Then from (1.9) it follows that
for any X,Y € I'(D), we have (2.3). Next, from (2.1) and (2.3) follows
(2.2). Finally by using (1.19) and (1.20) we deduce (2.4). Conversely,
suppose that (2.2), (2.3) and (2.4) are true. Then, by using (2.1), (2.2)
and (2.3) we obtain

g([va]va) = _g(f[X7 Y]7V) =0,
VX,Y € T'(D), V e T'(fD*).

On the other hand, from (1.20), by using (2.4) there follows n([X,Y]) = 0.
Hence D is integrable. O

Remark 2.1. From (2.1) it follows that (2.2) is equivalent with
(2.6) g(h(X,fY)—h(fX,Y),fZ)=0, VX,Y €T(D), ZcT(D").

Corollary 2.1. Let M be a CR—submanifold of a nearly cosymplectic

manifold M. Then the distribution D is integrable if and only if (2.2) is
satisfied, and

(2.7) (Vzf)Y eD(Dt @ {¢}), VY eT(D), Ze (D ®{&)).

(2.5)

PROOF. Let X,Y € I'(D), W € T'(D1). Then by using (1.3) (1.16)
and (1.18) we deduce

(2.8)  g(Nf(fX,Y), W) =4g(f(Vy [)fX),W) = 4g(Vw f)Y, X).
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By straightforward calculation we infer

(29) 9Ny (&Y), FX) = 39(f(Vy )€), FX) = =39((Vef)Y, X).
Finally, by using Theorem 2.1, (2.8) and (2.9) we obtain the assertion O
From Corollary 2.1 we obtain

Corollary 2.2. Let M be a CR—submanifold of a nearly cosymplectic

manifold M. Then the distribution D is integrable if and only if (2.2) is
satisfied, and

(2.10) Ny(Y,Z) eT(fD+ @ {¢}), VY €I(D), Z e T(D4).
Now we recall

Proposition 2.2 (S. IANUS [6]). Let M be a CR-submanifold of a

nearly cosymplectic manifold M. The distribution D @ {€} is integrable if
and only if

(2.11) X, fY)=h(fX,Y), VXY eI'(Da&{£}),
and
(2.12) Ni(X,Y)eI'(D®{{}), VX, Y el'(Da{£}).

From Proposition 2.2 and by using (1.16) we infer

Corollary 2.3. Let M be a CR—submanifold of a nearly cosymplectic

manifold M. Then the distribution D & {£} is integrable if and only if
(2.11) is satisfied, and

(Vzf)Y eT(D®{&}), VY e(D®{¢}) Ze (D).
Now from Corollary 2.3 and by using (1.3) we infer

Corollary 2.4. Let M be a CR—submanifold of a nearly cosymplectic

manifold M. Then the distribution D & {€} is integrable if and only if
(2.10) is satisfied, and

Ni(Y,2)T e (D@ {¢}), VY eT(Da@{¢}), ZeT(DF).

Next, we are concerned with the integrability of distributions D+ and
D+ @ {¢}, on a CR-submanifold in a nearly cosymplectic manifold. First
we note that, for an almost contact metric manifold M (See [4]) we have

for any X,Y, Z € F(TM). Then, by using (1.3) and (2.13) we infer

(2.14) dB(Y, 7, X) = g(V2f)Y, X), VX,Y,Z € T(TM).



CR-submanifolds of a nearly cosymplectic manifold 231

On the other hand, by straightforward calculation we deduce
(2.15) 3d®(Y,Z, X) = g([Y, Z], fX), VX €T(D), Y,Z c (D@ {¢}).
From (1.20), (2.14) and (2.15) we deduce

Proposition 2.3. Let M be a CR-submanifold of a nearly cosymplec-
tic manifold M. The distribution D= is integrable if and only if

(2.16) g(V2f)Y,X)=0, VX eI(D),Y,Zel(DY),
and
(2.17) g(Vef)Y, fZ) =0, VY,ZcT(Dh).

Now let Y, Z € T'(D+), X € T'(D). Then from (1.3) and (1.8) we infer
(2.18)

By using Proposition 2.3 and relation (2.18) we infer

Corollary 2.5. Let M be a CR-submanifold of a nearly cosymplectic
manifold M. The distribution D+ is integrable if and only if

(2.19) g(h(X,Y),fZ)=gh(X,2Z),fY), VX eI'(D)Y,ZeI'(D),
and
(2.20) g(Vy&,Z) =0, VY,ZecT(Dh).

By using Proposition 2.3, (1.3), (1.6) and (1.16), we deduce

Corollary 2.6. Let M be a CR-submanifold of a nearly cosymplectic
manifold M. The distribution D+ is integrable if and only if

(2.21) g(Y,N;(X,Z))=0, VX ecT(Da{¢}), Y,ZecT (D).

Proposition 2.4. Let M be a CR-submanifold of a nearly cosym-
plectic manifold M. The distribution D+ @ {¢} is integrable if and only

if
(2.22) g(Vzf)Y,X) =0, VX eT(D),Y,ZeT(D*a{e)).
The PROOF of this assertion is immediate from (2.14) and (2.15) O

Now from Proposition 2.4 we infer

Corollary 2.7 (S. IaNus [6]). The distribution D+ @ {¢} of a CR-
submanifold of a nearly cosymplectic manifold M is integrable if and only if

(2.23) g(X,ApyZ — ApzY) =0, VX cT(D),Y,ZcT(D"a{€}).
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Corollary 2.8. Let M be a CR-submanifold of a nearly cosymplectic
manifold M. Then the distribution D+ @ {¢} is integrable if and only if

Ni(X,Z)T €eT(D), VX eT(D), ZcT(Dh).

PRrROOF. Let X € T'(D), Y € I'(D1), Z € T(D+ @ {¢}). Then by
using (1.16), we infer

(220)  g(T2N)Y 1X) = ~g(¥ (T20)£X) = 19(V, Ny (X, 2).

Now, our assertion follows from Proposition 2.4 and (2.24) O

3. Totally contact umbilical CR—submanifold
of a nearly cosymplectic manifold

The purpose of this paragraph is to establish some properties of totally
umbilical CR—submanifolds of a nearly cosymplectic manifold M.

Definition 3.1. We say that a CR-submanifold M of the nearly cosym-

plectic manifold M is totally contact umbilical if there exists a normal
vector field H so that

(81) A(X.Y) = g(fX, FY)H +n(X)h(Y.€) + n(¥)h(X,€).
VX, Y eT'(TM).
We say that M is totally contact geodesic if H = 0, that is,
(32)  MX,Y)=n(X)h(Y.E) +n(Y)h(X,€), VX,Y € I(TM).

Lemma 3.1. Let M be a CR-submanifold of a nearly cosymplectic
manifold M. Then we have

(3.3) QAW = QArwZ, VZ,W €T(Dh).
PROOF. Let U, Z,W € I'(D+). Then by using (1.3), (1.6) and (1.10)
we infer
2BWMZ,W) = —QAz;W — QArw Z,

which is equivalent with

(3.4) 29(Asu 2, W) = g(ApzW,U) + g(Ayw Z,U).
From (3.4) we deduce
(3.5) 29(ArzW,U) = g(ApwU, Z) + g(Ayu W, Z).

Now our assertion follows from (3.4) and (3.5). O
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Lemma 3.2. If M is a totally contact umbilical proper CR-submani-
fold of a nearly cosymplectic manifold M, then either dim.D+ = 1, or the
normal vector field H is orthogonal to fD=.

PROOF. Let X € T(TM),Y € I'(D1). Then by using (3.1) we deduce
(3.6) g(h(X, X), fY) = g(f X, [ X)g(H, fY).

Suppose dim.D+ > 1. Then there exists a unit vector field Z € T'(D1)
orthogonal to Y. Further, from (1.11) and (3.1) we deduce

g(H, [Y) = g(Asy Z,Z) = g(QAsv Z, Z)
=9(QAszY, Z) = g(h(Y,2), [Z) =0,
which proves that H is perpendicular to fD+. O

Proposition 3.1. Let M be a totally contact umbilical proper CR—

submanifold of a nearly cosymplectic manifold M with dim.D+ > 1. Then
M is totally contact geodesic.

PROOF. Since dim.D+ > 1, from Lemma 3.2 and relation (1.8) there
follows

(3.7) fH=CH.

By using (1.3) we infer

(3.8) (Vxf)fX =0, VX eI(TM).

Now from (3.7) and (3.8) and (1.3) obtain

g(Vx )X, H) = —g(fX,(Vx f)H)
(fX,PAruX) —g(fX, fPARX)

=g
= g9(W(X, fX), fH) — g(M(X, X), H)
—g(X, X)g(H,H), VX eT(D),

0

which proves that H = 0. Therefore M is totally contact geodesic. O

If dim.D+ = 1, we deduce a sufficient condition for totally contact
umbilical proper CR—submanifolds to be totally geodesic.

Definition 8.1. The distribution D (resp. D+ @ {¢}) is autoparallel if
and only if, we have VxY € I'(D),VX,Y € I'(D) (VxY € I'(D+ & {¢}),
VX,Y € T(D+ & {¢}) resp.).
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Theorem 3.1. Let M be a totally contact umbilical proper CR-sub-

manifold of a nearly cosymplectic manifold M. If the distribution D is
autoparallel then M is totally contact geodesic.

PRrOOF. Let X € I'(D) so that g(X,X) = 1. Then by using (1.3,
(1.10) and (3.1) we deduce

=9(X,AyprX) +9(fPVxBH, X)
= g(H,fBH)+ g(BH,VxfX)=—g(BH,BH),

which implies that BH = 0. From this point the proof of Proposition 3.1
applies. O

Proposition 3.2. Let M be a nearly cosymplectic manifold. Then we

have
(3.9) K(X,Y, fY, fX) - K(X,Y,Y, X)
| —ITx DY+ (Txn)Y |2, VXY € T(TA)

The proof follows from (1.2), (1.3) and (1.13) by straightforward calcula-
tion.

Definition 3.2. Let M be a CR-submanifold of a nearly cosymplectic
manifold M. If X € T'(D @ {¢}) and Y € I'(D%), (or X € I'(D) and

Y € T(D+@{¢})) then we say that the sectional curvature K () generated
by X and Y is a CR—sectional curvature.

Theorem 3.2. Let M be a totally contact umbilical proper CR-sub-
manifold of a nearly cosymplectic manifold M. Then any CR-sectional
curvature of M is non negative.

PROOF. By using (1.4) we deduce
K(XANE) =g(VxE, Vx€) >0, X eDl(DaDh).
Next, by using (3.1) and the equation of Codazzi we obtain
K(X,Y, fX,[Y) =g(Y,fX)g(VxH, fY) = g(Y, fX)g(Vy H, fY) =0,
VX € T(D), Y € (D).
Finally by using (3.9) we infer
K(XY) = [(Vx Y2 + [(Vxn)Y |2,
which proves our assertion. O

From Theorem 3.2 we obtain

Corollary 3.1. There exist no proper totally contact umbilical CR—
submanifolds of negatively curved nearly cosymplectic manifolds.
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4. Totally contact geodesic CR—submanifolds
of a nearly cosymplectic manifold
First we prove
Lemma 4.1. Let M be a totally contact geodesic CR-submanifold of
a nearly cosymplectic manifold M. If (2.7) holds, then D is autoparallel.

PROOF. Let X,Y € I'(D). Then, for Z € T (D+ @ {¢}), and by using
(1.3), (1.10) and (3.2) we deduce:
1) 0=g((VzN)Y.X) = g((V2f)Y,X) = 9(Z, Vv fX),
which proves our assertion. [

From Corollary 2.1 and Lemma 4.1 we infer

Corollary 4.1. Let M be a totally contact geodesic CR-submanifold
of a nearly cosymplectic manifold M. If (2.7) holds, then D is integrable
and its leaves are totally geodesically immersed in both M and M.

PROOF. Let M be totally contact geodesic and X,Y € I'(D), Z €
(D @ {€}), and M; a leaf of the distribution D. Denote by V; the

Riemannian connection on M; and by hy the second fundamental form of
the imersion M; < M. Then from Gauss’ formula we deduce

(4.2) VxV = VixY + (X, Y).

By using Lemmas 4.1 and (4.2) it follows that M; is totally geodesic in M.
From (3.2) follows hi(X,Y) = 0. Finally, by using the formulas of Gauss

for the immersion of M in to both M and M and for the immersion of
M into M we obtain that M is totally geodesic in M. O

Lemma 4.2. Let M be a totally contact geodesic CR—submanifold

of a nearly cosymplectic manifold M. Then the distribution D+ @ {¢} is
autoparallel.

PROOF. By using (1.7) and (1.8) we obtain
9(Vxf)Y.Z) = g(Vx [Y — fVxY,Z)
= g(—Auy X + VxwY —tVxY
(4.3) —wVxY — Bh(X,Y) - Ch(X,Y), Z)
= _g(h’(X7 Z)va) - g(tVXY + Bh(Xv Y)7 Z) =0,

for any X € I'(D),Y, Z € T(D+ @ {¢}).
Next, from (4.3) we infer

0=g((Vx /)Y, Z) = g(X,(Vy f)Z) = —g(X,tVy Z)VX € T(D);
Y e (DY), Z e (Dt @ {€)}),
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which proves that Vy Z € T(D+ @ {¢}). O
From Lemma 4.2 we deduce

Corollary 4.2. Let M be a totally contact geodesic CR—submanifold

of a nearly cosymplectic manifold M. Then the distribution D+ & {¢} is
integrable.

Lemma 4.3. Let M be a totally contact geodesic CR—submanifold
of a nearly cosymplectic manifold M. Then any leaf of the distribution
D+ @ {¢} is totally geodesic in M and M.

PRrROOF. By using (3.1) and Lemma 4.2 our assertion follows. O

Lemma 4.4. Let M be a totally contact geodesic CR-submanifold of
a nearly cosymplectic manifold M. If

(44)  (Vzf)Y eT(D&{¢}), VW el(Da{s}), ZeT (D),
then the distribution D @ {£} is autoparallel.

PROOF. Let X, Y € T(D®{¢}). Then Z € I'(D+) and by using (1.3),
(1.10) and (3.2) we infer
(45)  0=g((VzN)Y.X) = —g(Vx))Y.Z) = g(Vy fXZ),
which proves our assertion. O

From Corollary 2.4 and Lemma 4.4 we obtain

Corollary 4.3. Let M be a totally contact geodesic CR—submanifold
of a nearly cosymplectic manifold M such that (4.4) holds. Then the
distribution D & {{} is integrable and its leaves are totally geodesically
immersed in both M and M.

Lemma 4.5. Let M be a totally contact geodesic CR-submanifold of
a nearly cosymplectic manifold M such that (2.16) and (2.17) hold. Then
the distribution D is autoparallel.

PrOOF. Let X € I'(D), Y,Z € I'(D+). By using (1.3), (1.10) and
(3.2) we infer

(4.6) 0=g((Vz/)Y.X) = —g(Y,(Vzf)X) = g(V2Y, fX),

and

0=g((Vef)Y, fZ) = g(& (Ny ) fZ) = —g(€,Vy Z).

From (4.6) and (4.7) there follows our assertion. O
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Lemma 4.5. Let M be a totally contact geodesic CR—submanifold of
a nearly cosymplectic manifold M such that (2.16) and (2.17) hold. Then
the distribution D= is integrable and its leaves are totally geodesically
immersed in M and M.

By using the lemmas 4.1, 4.2 and 4.3 we deduce

Theorem 4.1. Let M be a totally contact geodesic CR—submanifold

of a nearly cosymplectic manifold M. If the distribution D is integrable,
then M is locally the Riemannian product My x My where M; and M,

are the leaves of the distributions D and D+ @ {¢}, respectively.

Theorem 4.2. Let M be a totally contact geodesic CR—submanifold
of a nearly cosymplectic manifold M. If the distribution D & {{} is in-

tegrable and Vy¢& € T(D @ {¢}) for any Y € I'(D+), then M is locally
the Riemannian product M; x My where M, and My are the leaves of the
distributions D @ {¢} and D+, respectively.

References

[1] A. BEsaNcU, CR—submanifolds of a Kahler manifold I, Proc. Amer. Math. Soc. 69
(1978), 134-142.

[2] A. BEIaANCU, Geometry of CR—submanifolds, D.Reidel Publishing Company, Dor-
drecht, 1986.

[3] A. BEJANCU and N. PAPAGHIUC, Semi-invariant submanifolds of a Sasakiana man-
ifold, An. St. Unsv. "Al. I. Cuza” lasi 27 (1981), 163-170.

[4] D. E. BLAIR, Contact manifold in Riemannian geometry, Lectures Notes in Math.
509, Springer—Verlag, Berlin, 1976.

[6] D. E. BLAIR, D. K. SHOWERS and K. YANO, Nearly Sasakian structures, Kodai
Math. Sem. Rep. 27 (1976), 175-180.

[6] S. TaNUS, On Cauchy—Riemannian Submanifold of a neraly cosymplectic manifold,
Tensor, N. S. 46 (1987), 291-296.

[7] M. KoBavasHI, CR-submanifolds of a Sasakian manifold, Tensor N. S. 35 (1981),
297-307.

[8] K. YANO, On a structure defined by a tensor field of type (1,1) satisfying f3+f = 0,
Tensor N. S. 14 (1963), 99-109.

CONSTANTIN CALIN
DEPARTMENT OF MATHEMATICS
POLYTECHNIC INSTITUTE OF IASI
IASI, ROMANIA

(Received February 22, 1993; revised June 1, 1993)



