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1 Introduction

In Riemannian geometry many authors have studied curvature properties
and to what extent they determined the manifold itself. Two important curva-
ture properties are conformal flatness and local symmetry. For the conformal
flatness, a recent development in contact geometry is due to K. Bang and D.
Blair (see [2]). They proved that a conformally flat contact metric manifold
such that the characteristic vector field is an eigenvector of the Ricci operator
everywhere has constant curvature 0 or +1. For the local symmetry, S. Tanno
(see [10]) showed that a locally symmetric K-contact manifold is of constant
curvature 1 and is Sasakian. And D. Blair (see [4]) obtained a necessary and
sufficient condition for the standard contact metric structure of the tangent
sphere bundle of a Riemannian manifold to be locally symmetric.

Recently, P. Alegre, D. Blair and A. Carriazo (see [1]) introduced and studied
generalized Sasakian-space-forms. These spaces are defined as follows: Given an
almost contact metric manifold (M, ¢,&,n,g), we say that M is a generalized
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Sasakian-space-form if there exist three functions fi, fo and f3 on M such that

R(X)Y)Z = fi{g(Y,2)X — g(X,2)Y}
+ foA9(X,02)0Y — g(Y,0Z)p X + 29(X, Y )pZ} (1)
+ f3{n(X)n(Z2)Y —n(Y)n(Z2)X + g(X, Z)n(Y)E — g(Y, Z)n(X)E},

for any vector fields X, Y, Z on M, where R denotes the curvature tensor of
M. In such a case, we will write M (f1, fo, f3).

In this paper we study conformally flat generalized Sasakian-space-forms and
locally symmetric generalized Sasakian-space-forms, and obtain the following
two theorems.

1 Theorem. Let M(f1, fa, f3) be a (2n + 1)-dimensional generalized Sasa-
kian-space-form. Then we have the following:

(i) If n > 1, then M is conformally flat if and only if fo = 0.

(ii) If M is conformally flat and & is a Killing vector field, then it is flat,
or of constant curvature, or locally the product N' x N?", where N is
a 1-dimensional manifold and N?" is a 2n-dimensional almost Hermitian
manifold of constant curvature. In any case, M 1is locally symmetric and
has constant ¢-sectional curvature.

2 Theorem. Let M(fy, fa, f3) be a (2n + 1)-dimensional locally symmetric
generalized Sasakian-space-form with the scalar curvature 7. Then we have the
following:

(i) f1 — fs is a constant c.
(11) If T = —2n(2n + 1)c, then M(f1, fa, f3) is of a constant curvature — c.

(iii) If T # —2n(2n+1)c, then M (f1, fa, f3) is flat, or of constant curvature, or
is locally the product N* x N?", where N' is a 1-dimensional manifold and
N2 s a 2n-dimensional almost Hermitian manifold of constant curvature
or a complex space form.

We note that there are many almost contact metric manifolds with very
different structures such that ¢ is a Killing vector field (see [3]).

2 Preliminaries

An odd-dimensional Riemannian manifold (M, g) is said to be an almost
contact metric manifold if there exist on M a (1,1) tensor field ¢, a vector field
¢ and a 1-form 7 such that n(¢) = 1,¢%(X) = —X + n(X)¢ and g(¢X,¢Y) =
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9(X,Y) — n(X)n(Y), for any vector fields X,Y on M (see [3]). ¢¢ = 0 and
no ¢ = 0 are deducible from these conditions. We define the fundamental 2-
form ® on M by ®(X,Y) = g(X,¢Y). An almost contact metric manifold
M is said to be a contact metric manifold if dn(X,Y) = ®(X,Y). If £ is a
Killing vector field, then the contact metric manifold is said to be a K-contact
manifold. The almost contact metric structure of M is said to be normal if
[0,0](X,Y) = —2dn(X,Y)E, for any XY, where [¢, 9| denotes the Nijenhuis
torsion of ¢. A normal contact metric manifold is called a Sasakian manifold.
A normal almost contact metric manifold M with closed forms 7 and @ is
called a cosymplectic manifold. Cosymplectic manifolds are characterized by
Vx€& =0and (Vx¢)Y =0, for any vector fields X,Y on M. Given an almost
contact metric manifold (M, ¢,&,n,9g), a ¢-section of M at p € M is a plane
section m C T}, M spanned by a unit vector X,, orthogonal to &,, and ¢.X,,. The
¢-sectional curvature of 7 is defined by g(R(X,¢pX)¢pX, X). A cosymplectic-
space-form, i.e., a cosymplectic manifold with constant ¢-sectional curvature
¢, is a generalized Sasakian-space-form with f1 = fo = f3 = § (see [7]). It
is known that the ¢-sectional curvature of a generalized Sasakian-space-form
M(f1, fa2, f3) is f1 + 3f2 (see [1, Proposition 3.11}).

For a (2n+1)-dimensional almost contact metric manifold (M, ¢,£,n,g),n >
1, its Schouten tensor L is defined by

1 T

L= Q+4n(2n—l)l’

o —1 2)

where ) denotes the Ricci operator and 7 is the scalar curvature, and the Weyl
conformal curvature tensor is given by

W(X,Y)Z =R(X,Y)Z
—[9(LX, 2)Y — g(Y, Z)LX — g(LY, Z)X + g(X, Z)LY]. (3)

In dimensions > 3, that is n > 1, M is conformally flat if and only if W = 0
and in this case, L satisfies (VxL)Y — (Vy L)X = 0, for any vector fields X,Y
on M. In dimension 3, that is n = 1, W = 0 is automatically satisfied and M
is conformally flat if and only if L satisfies (VxL)Y — (VyL)X = 0, for any
vector fields X,Y on M.

A symmetric tensor field T of type (1,1) is a Codazzi tensor if it satisfies

(VxT)Y — (VyT)X = 0.

For the later use we give the following lemma which was proved by Derdzinski.

3 Lemma ( [5], [6]). Let T be a Codazzi tensor on a Riemannian manifold
M. Then we have the following: If T has more than one eigenvalue, then the
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eigenspaces for each eigenvalue v form an integrable subbundle V,, of constant
multiplicity on open sets: If the multiplicity is greater than 1, then the inte-
gral submanifolds are umbilical submanifolds and each eigenfunction is constant
along the integral submanifolds of its subbundle. Moreover, if v is constant on
M, then the integral submanifolds of Vi, are totally geodesic.

3 Proof of Theorem 1

Let M(f1, f2, f3) be a (2n+1)-dimensional generalized Sasakian-space-form.
Then the curvature tensor R of M is given by (1). From (1) we can easily see
that

QX = (2nf1+3f2 — f3)X — {3f2 + (2n — 1) fs}n(X)E, (4)
T=2n2n+ 1)f; + 6nfo — dnfs. (5)
Moreover, we can see that

3 3
FAX 45—

1
IX=lgh=3

2(2n — 1) fa+ f3In(X)E. (6)

Therefore, the Weyl conformal curvature tensor W can be written as

W(X,Y)Z =~ plg(V, 2)X — (X, 2)Y]
+ Bl0(Z,0Y)0X — g(Z,0X)0Y +2(X, 6 )62] @
3

S N2 — (VD)X + g(X. Zpn(Y)E ~ 9(Y. Z)n(X)¢).

Suppose that M(f1, fa, f3) is conformally flat and n > 1. Then we have
W =0.
If we put X = @Y in (7), we find

f2l(2=n){g(Y, Z)9Y — g(8Y, Z)Y —n(Y)n(2)9Y + g(8Y, Z)n(Y )&}
= (2n - D{g(Y,Y) —n(Y)n(Y)}¢Z] = 0.

If we choose a unit vector U such that g(U,€&) = 0 and put Y = U in the above
equation, then we have

fol(2=n){g(U, Z2)¢U — g(6U, Z)U} — (2n — 1)$Z] = 0.

Putting Z = U gives fo(1 —n) = 0 and hence we get fo = 0.
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Conversely, if fo = 0, then from (7) we have W(X,Y)Z = 0 and hence
M(f1, fa, f3) is conformally flat. Therefore, when n > 1, M(f1, f2, f3) is con-
formally flat if and only if fo = 0. Thus the first part (i) of the Theorem 1 is
proved.

For the proof of the second part (ii), we assume that M (f1, fo, f3) is con-
formally flat and £ is Killing. Then the Schouten tensor L of the manifold is a
Codazzi tensor, that is,

(VxL)Y — (VyL)X =0 (8)

for any vector fields X,Y on M. Also, if n > 1, then we have fo = 0 by the first
part (i) and hence from (6) the Schouten tensor is given by

1
LX = S FiX + fn(X)e )
If n =1, then W = 0 is automatically satisfied. From (3) we get
R(X,Y)Z = g(LX, 2)Y — g(Y, Z)LX — g(LY, Z)X + g(X, Z)LY

for any vector fields X,Y, Z. In the 3-dimensional manifold M(f1, fa, f3) the
Schouten tensor is given by

1
LX = —5(fi +3f)X + (3f2 + fa)n(X)E.
From these two equations we obtain

R(X,Y)Z = filg(Y, 2)X — g(X, Z)Y]

£ EXONZ)Y —n(¥In(Z)X +9(X, DY )e — g(¥, Zm(X)e), )

where f{ and f; are given by

i=fi+3f f3=3f+f3

Hence the Schouten tensor is written as
1 * *
LX = —§f1X + fan(X)E.

Consequently, we also use the same symbols fi and f3 instead of f; and f3 for
the 3-dimensional manifold M (f1, f2, f3). Equation (9) gives

LE = (fs— 3 h)E ()
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If X is a vector orthogonal to £, then we get
1
LX = —§f1X. (12)

Let &, B, ..., E9, belocal orthonormal vector fields on M (f1, f2, f3). Then from
(8), (9) and (12) we get

(VEiL)Ej — (VEj L)Ei = —%(Eifl)Ej + %(E]fl)Ez —l—fg?](ij E,— VEiEj)f =0.

Taking the inner product with E;, we have E;f; = 0 (i = 1,2,...,2n). Since
Vg€ is orthogonal to &,

(Vi L)+ LV B,€ = (Bifo)e + (fs — 5/1)Vs, €

which gives
(Vi,L)§ = (E;f3)€ + fsVEE.
Since € is Killing,

1 1
(VgL)E]’ + LVﬁEj = —§(§f1)Ej — §f1V5Ej,

LV:E; = —%flngj + f39(&, vaj)é
= —%flvaj — f39(Ve€, Ej)E = —%flvaj’
and we have 1
(Bj f3)6 + fsVE,€ = —5 (M) ;. (13)

Taking the inner product with E; implies £f; = 0. Thus f; is constant on
M.

Taking the inner product with & gives Ejfs = 0 (j = 1,2,...,2n) and
[3VEE=0(j=1,2,...,2n). Combining this with V¢{ = 0 gives

[3Vx€§ =0, (14)

for any vector field X.
From (14) we get

(Y f3)VxE+ fsVyVx€ =0.
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This equation and (14) give
(Xf3)Vy&— (Y f3)VxE+ f3[VxVy& = VyVxE —Vix y)§] = 0.
Multiplying this equation with f3 and using (14) give
[R(X.Y)E=0.
This equation and (1) imply

f3(fi = f3)n(Y)X —n(X)Y] =0,

from which we obtain f3(f1 — f3) =0.

Consider the case fi; = 0. In this case we have f3 =0 on M and hence M is
flat.

Next consider the case f; # 0. Differentiating f3(f1 — f3) = 0 with £ gives
(f1 —2f3)(&fs) = 0. If f3(p) = 0 at a point p € M, then £f3 = 0 at p. If
fa(p) # 0, then f3 = f1 in an open neighborhood O of p. Hence we get £f3 =0
in O. Thus we have £f3 = 0 on M. Since Ejfs =0 (j = 1,2,...,2n) f3 is
constant on M. Hence we have

(a) If f3 =0, then M is of constant curvature fi,

(b) If f3 # 0, then we have f; = f3 and Vx& = 0 for any vector X on M.
Hence the Schouten tensor L has two distinct constant eigenvalues % f1 with
multiplicity 1 and —% f1 with multiplicity 2n. Therefore, we have the decom-
position © & [¢], where D is the distribution defined by n = 0 and [{] is the
distribution spanned by the vector £&. By Lemma 3, ® is integrable. Hence, M
is locally the product of an integral submanifold N! of [¢] and an integral sub-
manifold N?" of ©. Since the eigenvalue is constant on M, N?" is a totally
geodesic submanifold of M by Lemma 3. If we denote the restriction of ¢ in ®
by J, then

X =¢*X =X +nX)E=-X

for any X € ©. Hence J defines an almost complex structure on N2".

Also, ¢'(JX,JY) = g(¢X,9Y) = g(X,Y) — n(X)n(Y) = ¢'(X,Y) for any
X,Y € ©, where ¢ is the induced metric on N?" from g. Hence (N?",.J, ¢') is
an almost Hermitian manifold. Since N2" is a totally geodesic hypersurface of
M, the equation of Gauss is given by

R(X,Y)Z =R(X,Y)Z

for any vector fields X,Y and Z tangent to N2, where R’ is the curvature
tensor of N2". Thus, we get

R(X,Y)Z = hlg (Y. 2)X — ¢ (X, 2)Y],
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and hence N?" is a space of constant curvature f;. In any case, from the above
arguments we can easily see that M (f1, fo, f3) is locally symmetric. Since f;
and f3 are constants, we can see that M is of constant ¢-sectional curvature.
This completes the proof of the Theorem 1.

4 Remark. In the Theorem 1 the condition “¢ is a Killing vector field”
cannot be removed. For example, given (N, J, g) with constant curvature c, say, a
6-dimensional sphere with nearly Kaehler structure (see [7]), the warped product
M = R x;y N, where f > 0 is a nonconstant function on R, can be endowed
with an almost contact metric structure (¢,£,7,gs). Moreover, M =R x ¢ N is
a generalized Sasakian-space-form M ( f1, fo, f3) with functions

1?2 "
c—f n I
f? f
(see [1, Theorem 4.8]). Since fo = 0, M is conformally flat. Also, we can see
that
&f

where X is a nonzero vector field on N (see [8]).

But, it is easy to find a function f on R such that £f = %f = f'#0and f;
is not constant. In such a manifold M = R xy N the characteristic vector is not
a Killing vector field and the conclusion (ii) of the Theorem 1 is not satisfied.

f2207 f3:

4 Proof of Theorem 2

Let M(f1, f2, f3) be a (2n + 1)-dimensional locally symmetric generalized
Sasakian-space-form. Then the curvature tensor is given by (1). From (1) we
can see that

QX = (2nf1+3fs — f3)X — {3f2+ (2n — 1) fs}n(X)¢, (15)
T=2n2n+1)f1 + 6nfs —4nfs. (16)

From (1) we get
R(X,Y)E = (fi = fs){n(Y)X —n(X)Y}. (17)

From (17) we get R(X,€)¢ = (f1—f3){X—n(X)&}. Since M is locally symmetric,
this equation gives

R(VzX, )&+ R(X,Vz)E+ R(X,§)VzE = Z(f1 — f3)[X — n(X)¢]
+ (fi = f3)[V2X = (Vzn)(X)§ —=n(VzX)E —n(X)VzE].
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From the equation (17) and R(X,§)Vz& = —(f1 — f3)9(X, Vz£)E we get
Z(f1 = f3)[X = (X)) =0,

which shows that f; — f3 is a constant. Hence, we can put f3 — fi = ¢ for
a constant c. Thus, using (15) and (16) the Ricci operator @ and the scalar
curvature 7 are given by

QX =[2n—-1)fi+3fo— X —[Bfo+ (2n—1)f1 + (2n — 1)cn(X)E, (18)
T=2n[2n —1)f1 +3f2 — 2¢]. (19)

Since @ is parallel and 7 is constant, (18) gives
[Bf2 4+ (2n —1)f1 + (2n — 1) VyE{ =0, (20)

where 3f2 4+ (2n — 1) fi + (2n — 1)c is a constant.
On the other hand, since R is parallel we have from (1)

VAgY,Z2)X—g(X, 2)Y|+(V f2)[9(X, 0 2)pY —g(Y, $2)p X +29(X, ¢Y ) Z]
+ f2[9(X, (Vv @) Z)pY + g(X,0Z)(Vvo)Y — g(Y, (Vv o) Z)pX
—9(Y,02) (Vv o)X +29(X, (Vvo)Y)dZ + 29(X, Y ) (Vv ¢) Z]

+ (Vf)MX)(Z2)Y —n(Y)n(Z)X + g(X, Z)n(Y)E — g(Y, Z)n(X)¢]
+ (i + (Vv (Xn(2)Y +n(X)(Vyvn)(Z2)Y — (Vvn)(Y)n(Z)X
—n(Y)(Vvn)(Z)X + g(X, Z)(Vvn)(Y)E + g(X, Z)n(Y)VveE
—g(Y, Z)(Vyn)(X)§ — g(Y, Z)n(X)VyEl = 0. (21)

If we put Z = ¢ in (21), we get
f2lo(X, (Vv)§)oY — g(Y, (Vv d)§)oX +29(X, Y ) (Vv ¢)¢]

+ (f1 + (Vv (X)Y — (Vyn) (V)X +n(X)(Vyn)(Y)E
—n(Y)(Vvn)(X)E] = 0.

Applying ¢ and taking account of (Vy¢){ = —pVy & we have

(1 +9)[g(VvE X)oY —g(VvE, Y)oX] + fa[g(VvE ¢ X)(=Y +n(Y)E)
= 9(Vv&, oY) (=X +n(X)§) +29(X, ¢Y)ViE] = 0.

If we put Y = ¢X in the above equation and we take a unit vector X orthogonal
to &, then we have

(fi+ fot+0)g(VyE, X)X +g(VvE, 0 X)pX] +2f2Vy € = 0.
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Take a local ¢-basis €, e1,...,e,,0e1,...,¢e,. Then we have

Vvé =g(Vvé er)er +g(VvE der)per + - + g(VvE en)en + g(VvE, dey)den,.

Combining the last two equations we get
[fi+@2n+1)f2+c]VyE=0. (22)

Case 1. 7= —2n(2n+1)c
In this case we have 3fs + (2n — 1) f1 + (2n — 1)¢ = 0. Hence the Schouten

tensor L is given by L = 5I. Therefore, we have

W(X,Y)Z =R(X,Y)Z+clg(Y,2)X — g(X,Z)Y]. (23)
If n =1, then W is automatically zero and hence

This shows that M is of constant curvature —c.

Now consider the case n > 1. If fi(p) + (2n+ 1) fa(p) = —c at some p € M,
then we have fa(p) = 0 since (2n — 1) f1(p) + 3f2(p) = (1 — 2n)c. Suppose that
there exists a point p € M such that fo(p) # 0. Then we have fi(p) + (2n +
1) f2(p) # —c and hence (22) implies Vx& = 0 in an open neighborhood O of
p. We now give equation (21) by using components. Since Vx& = 0 in O the
equation can be written as

(Vifu)(gjigrn — grigin) + (Vif2)(Didjn — ijdrn + 201 0in)
+ fol(Vidir)0jn+ (Viodjn) dir — (Vidij)Orn — 05 Viden +2(Vidjk) din 4201 Vidin)
+ (Vif1) (migin — ninigkn + 9k — giimknn) = 0, (24)

where V; denotes the operator of covariant differentiation. Applying OF gives
[Vifi 4+ @n+1)(Vifo)lési + fa(2n +2)Vi95 =0 (25)

in O. Applying ¢’* again gives
Vifi+(2n+1)Vifa =0, Vi¢;;=0 (26)

in O. Therefore, the open submanifold O of M is a cosymplectic manifold. Since
(2n— 1)V f1+3V,f2 = 0 from the condition 3fo+ (2n—1)f1+ (2n—1)c = 0 we
have, by the help of (26), V;fo = 0 and V;f; = 0. So f1 and f, are constants
in O. Since M(f1, fa, f3) has ¢-sectional curvature fi + 3f, and since f; and f,
are constants in O, the open submanifold O of M is a cosymplectic space form.
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So, we have f1 = fo = f3 = f1 + c¢. Therefore we have ¢ = 0. But, in our case
we have (2n +2)fo = (2n — 1)f1 +3f2 = (1 — 2n)c = 0. Hence we get fo = 0
in O. This is a contradiction. Thus, there does not exist a point p in M such
that fa(p) # 0 and hence fo = 0 in M. By (i) of Theorem 1, M is conformally
flat. This and (23) imply that M is of constant curvature —c. This completes
the proof of (ii) of the Theorem 2.

Case 2. T # —2n(2n + 1)c.

In this case we have 3fy + (2n —1)f1 + (2n — 1)c # 0. From (20) we get
Vx¢é=0on M.

First, we consider the case n = 1. The Schouten tensor is given by

LX = —QX + %X.

Since @ is parallel and 7 is constant, L is parallel. Therefore we have (VxL)Y —
(Vy L)X = 0 and hence M is conformally flat. Since V x¢ = 0, the characteristic
vector field ¢ is a Killing vector field. Hence, we have the same conclusion as
(ii) of Theorem 1.

Second, we consider the case n > 1. Since 7 is constant we have

(2n — )X (f1) +3X(f2) = 0.
Since Vx& = 0, we also have (25) and hence

X(fi)+@2n+1)X(f2) =0, fo(Vx¢)Y =0.

These equations imply that f; and fy are constant on M. If fy # 0, then we
have (Vx¢)Y = 0, for any vector fields X, Y on M. Hence M is a cosymplectic
manifold and since f; and fy are constants M is a cosymplectic space form.
Hence we have f; = fa = f3 = f1 + ¢ and ¢ = 0. Equations (15) and (16) give
the Schouten tensor

n+1 2(n+1)
LX = — X+ —>r" X)E. 2
12X o fan(X)¢ (27)
This equation shows that
n+1
L = 2
§=5—1/% (28)
n+1
LX = — X 2
2n_1f2 ; ( 9)

for any vector field X orthogonal to £. Hence L has distinct two constant eigen-
values —(n+ 1) f2/(2n — 1) and (n + 1) fo/(2n — 1) with multiplicity 2n and 1,
respectively. The equation (27) and Vx& = 0 give (Vy L)X = 0. Therefore, L
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is a Codazzi tensor. Consequently, we have the decomposition [£] ® D, where
[€] is the distribution spanned by the vector ¢ and ® is the distribution defined
by n = 0. By the Lemma 3 ® is integrable. Hence, M is locally the product of
an integral submanifold N of [¢] and an integral submanifold N?* of ®. Since
eigenvalue —(n + 1) fa/(2n — 1) is constant on M, N2" is a totally geodesic sub-
manifold of M. The restriction J of ¢ in © defines an almost complex structure
on N2?". Hence (N?",.J,g') is an almost Hermitian manifold, where ¢’ is the
induced metric on N?". Since N?" is a totally geodesic hypersurface of M, the
Gauss formula is given by VxY = 'VxY for any vector fields X,Y on N?".
Since

0= (Vx9)Y = Vx(¢Y) — ¢(VxY) ="Vx(JY) - J(VxY) = (Vx )Y,

for any vector fields X, Y on N?”, it is a Kaehler manifold. Since N?" is a
totally geodesic hypersurface with £ as the normal vector field, the curvature
tensor R’ of N2" is given by

R(X,Y)Z = fo[d' (Y, 2)X — ¢ (X, 2)Y
+d(X,J2)JY — ¢ (X,JY)JZ + 24 (X,JY)J Z].

Therefore N?" is a complex space form.

If fo = 0, then by (i) of Theorem 1 M is conformally flat. Since Vx& = 0
on M ¢ is a Killing vector field. Hence we have the same conclusion as (ii) of
Theorem 1. This completes the proof of (iii) of the Theorem 2.

Acknowledgements. The author wishes to express his sincere thanks to
Professor David E. Blair for the valuable advices during his visit to Michigan
State University. The author also thank the referee for many useful suggestions.

References

[1] P. ALEGRE, D. BLAIR, A. CARRIAZO: Generalized Sasakian-space-forms, to appear.
[2] K. BANG, D. BLAIR: On conformally flat contact metric manifolds, to appear.

[3] D. BrLAIR: Riemannian Geometry of Contact and Sympletic manifolds, Birkhéauser,
Boston 2002.

[4] D. BLAIR: When is the tangent sphere bundle locally symmetric? Geometry and Topology,
World Scientific, Singapore, 15-30.

[5] A. DERDZINSKI: Some remarks on the local structure of Codazzi tensors, Lecture Notes
in Math. vol. 838, Springer, Berlin 1981, 251-255.

[6] A. DERDZINSKI: Classification of Certain Compact Riemannian Manifolds with Harmonic
Curvature and non-parallel Ricci Tensor, Math. Z., 172, (1980), 273-280.



Generalized Sasakian-space forms 67

[7] G. LUDDEN: Submanifolds of cosymplectic manifolds, J. Differential Geometry, 4, (1970),
237-244.

[8] B. O’NEILL: Semi-Riemannian Geometry with Applications to Relativity, Pure and Ap-
plied Mathematics 103, Academic Press, New York 1983.

[9] S. TanNoO: Constancy of holomorphic sectional curvature in almost Hermitian manifolds,
Kodai Math. Sem. Rep., 25, (1973), 191-201.

[10] S. TANNO: Locally symmetric K-contact Riemannian manifolds, Proc. Japan Acad., 43,
581-583.



