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In this paper, we study submanifolds of almost contact manifolds with B-metric of
codimension 2, such that the vector field of the almost contact structure does not belong to the
tangential space or to the normal space of the submanifold. Examples of such submanifolds

are constructed.
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1. Introduction

Geometry of almost contact manifolds with B-metric can be considered as
a natural extension of the geometry of almost complex manifolds with Z-metric
to the odd dimensional case. A classification of almost contact manifolds with 13-
metric (M, ¢, €,7,9) with respect to the covariant derivative of the fundamental
tensor ¢ of type (1.1) is given in [3].

Submanifolds of almost contact manifolds with B-metric of codimension
2 in the cases, when ¢ is a tangential vector field of the submanifold or ¢ belongs
to the normal section are considered in [5]. In this paper we study snbmanifolds
of codimension 2, when the vector ¢ is arbitrary, i.e. € is not in the tangential
space or in the normal space of the submanifold.

2. Preliminaries

Let (M, ¢,¢,7,9) be a (2n+ 1)-dimensional almost contact manifold with
B-metric g, i.e. (p,€,7) is an almost contact structure [1] and g is a metric on
M (3] such that

(2.1) P=-IT+nQe, n)=1,
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where I denotes the identity transformation,
(2:2) 9(eX,9Y) = —g(X,Y) + n(X)n(Y),

for arbitrary vector fields X,Y on M. We denote by YM the Lic algebra of
C'*°-vector fields on M.
The associated with g metric ¢ [3] on the manifold is given by

J(X,Y) = g(X,0Y) + n(X)(Y), X,Y € M.
Both metrics g and § are indefinite of signature (n 4 1,n) [3].
Further X,Y, Z, W stand for arbitrary differentiable vector fields on M
and z,y, z,w - for arbitrary vectors in the tangential space T, M, p € M.

Let V be the Levi-Civita connection of the metric g. The tensor field F°
of type (0,3) on M is defined by

F(z,y,2) = 9((Vxe)y,z) [3]
The following 1-forms are associated with F :

0(3:) = gijF(e;,ej,;v), O*("B») = gijl’-‘(eiv ‘Pf’ja-’v)»

(2.4) w(z) = F(e,¢e, ),

where z € T,M, {e;,e}, (i = 1,...,2n) is a basis of T,M, and (g*) is the
inverse matrix of (g;;) [3].

A classification of the almost contact manifold with B-metric with respect
to the tensor F is given in [3], where arc defined cleven basic classes F(i =
1,2,...,11) of almost contact manifolds with B-metric. The class Fy is defined
by the condition F(z,y,z) = 0. This special class belongs to everyone of the

basic classes.
Let R be the curvature tensor field of type (1.3) of the Levi-Civita con-
nection V of g, i.e.

(2.5) R(X,Y,Z)=VxVyZ -VyVxZ -Vixy|Z, X,Y,Z€xM.
The corresponding to R tensor field of type (0,4) is given by
(2.6) R(X,Y,Z,W)=g(R(X,Y,Z)W);

If a is a section in the tangential space of (M, @,¢c,7,9) with a basis
{z,y}, in general we can define analogously as in [2] the following curvatures for
section « :

R(z,y,y,2)

(2.7) K(a;p) = K(z,y) = 1R b 2)
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for every nondegenerate section « with respect to g. This is the usual Rieman-
nian sectional curvature.

Let a be a 2-dimensional section in 7),M. A section e is said to be totally
real if pa La. The totally real sections a arc two types: « is orthogonal to &, or
« is not orthogonal to €. A section « is said to be ¢-holomorphic if pa = «, i.e.
a = {pz,p*},a € T,M. A section « is said to be a s-section if ¢ belongs to «,

[5].

3. Submanifolds of an almost contact manifold with B-metric
of codimension 2

In [5] submanifolds M of almost contact manifold (M,,z.7,¢) (dim M =
2n + 3) with B-metric g of codimension 2 of two basic types are studied. From
the first type are the submanifolds such that the structure vector field # € T, M
and from the second type are the submanifolds such that € (7,M )L, In this
section we consider submanifolds of almost contact manifold (M, 3,7z, 7, g) with
B-metric g of codimension 2, when the structure vector field ¥ is not in 7, M or
in (T, M)* for every point p of the submanifold M.

Let M,%,%,7,9)(dim M = 2n + 3) be an almost contact manifold with
B-metric g and let M be a submanifold of codimension 2 of M. We assume that
there exists a normal section a = { Ny, N3} defined globally over the submanifold
M such that:

(3.1) g(N1,N1) = —g(N2,Ny) =1, g(Ny,N3) = 0.

We consider the following decomposition for &,3X,PN,, BN, with re-
spect to { Ny, Na} and T, M.
(3.2) €=¢9+aNy + bNy;
(3.3) PX =X + Y (X)N1+9*(X)N2, X € xM;
(3.4) ®N; = €1+ ¢Ny + dNy;
(35) @N3 = mN; + nNy;
where ¢ denotes a tensor field of type (1.1) on M, gg,&y € XM, 7' and 5? are 1-
forms on M and a, b, ¢, d, m, n are functions on M. We denote the restriction
of g on M by the same letter.

From (3.1), (3.2) and ¢(%,%) = 1 it follows

(3.6) 9(co,€0) = 1 — a® + b%;
Using (2.1), (2.2), (3.1) and the equalities (3.2)+ (3.5) we find '(X) =
9(X,e1) = §n°(X), where n°(X) = g(X,c0) X € \M, i.c.

b
(3.7) £ = 250, 7(X)=0, X € xM;
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d? — 2

p? ‘I]o( X )So;

(3.8) X =-X+

°(eX) = (%l -e)%X), X eM;
According to (2.2), (3.1), from (3.4) and (3.5) we get
(3.9)  m=-—d
Then, taking into account (3.7), for (3.3), (3.4) and (3.5) we obtain

E=¢o0+aNi+bNy;

(3.10) PX =X + 31,0(.X')N1, X e xM;

PN, = %é‘o + eNy + dNy;

PNz = —dNy + nNy;
After direct computations of (3.10) by using @ € = 0 we have

ab

(3.11) ; $co = — 7 €05
(3.12) n= —ﬂ.
b
d?(b? — a?)
Because of (2.2), (3.1) and (3.12), (N2, PN2) = 1 + b? = S
and hence, ;
(3.13) 6] > |a|, i.e. g(co,c0) > 0;

_WTFT
(3.14) d= T

Having in mind (2.2), (3.1), (3.9), (3.12) and (3.14) from the equalitics
(3.10) we compute :
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o a(l — a® + 20%)
GG

bvb? + 1

(3.]5) m= _\/l;——-'l__—-—__,
_a\/b2 1

a
n= .
Vb2 — a?

Substituting (3.14) and (3.15) in (3.8), (3.10), (3.11) we obtain
€ =¢€0+aN; + bNy;

[~

N
X = X + —————7%(X)N;, X € \YM;
(2 pA + m n ( ) N1 X
(3.16) ¢N1=———\/b 5—a250+ a(l — a? + 26?) N]+b\/b_2+lN_
Vb +1 V02 - a2Vb2 + 1 B —a2
BNo = b\/b2+1N “‘/b2+l1v-
("2 2"'_\/1,2_“2 1_\/1)2_“2 2
2 1+a?
pt=-I+ 1+b21l ® €o;
peo = —dfraca/b? — a2V/b?% + 1¢g;
‘ VT =a?
(3.17) P(pX) = -2 00(X), X e xM;

V1

I I
9(pX,pY) = —g(X,Y) + T3

Now we define a vector field ¢, a 1-form 7 and a tensor field ¢ of type
(1.1) on M by

°(X)m°(Y), X,Y € xM.

1
TV erE”
) 1 ;
3.18 X)= —————19%(X), X €\M;
2 _ g2
HX) = oX + =8 i X)e, X ERAE

b2+ 1
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Taking into account the equalities (3.6), (3.17) and (3.18) we have
P ==I+1®¢c, g(c,e)=1,5(s)=1, n(¢X)=0
(3.19)
9(dX,9Y) = (X, Y)+ n9(X)n(Y), X.Y € xAM.
Hence, (¢,c,n) is an almost contact structure on M and the restriction of ¢
on M is B-metric. Thus, the submanifold (A, ¢,e,1,9) (dim M = 2n+ 1) of
(M, $,8,7,9) (dim M = 2n + 3) is an almost contact manifold with B-metric.
Denoting by V and V the Levi-Civita connections of the metric ¢ in A
and M, respectively, the formulas of Gauss and Weingarten are

UxY = Vx¥ +o(X,¥), X,Y € xM;
VxNi=-AnX + DxNy, X € xM;
VXN2 == —AN34X + DXN‘la Xe YA[’

where o is the second fundamental form on M, Ay, is the second fundamental
tensor with respect to Ny, An,- with respect to N, and D is the normal connec-
tion on M. Having in mind the properties of ¥V and (3.1), from the formulas of
Gauss and Weingarten we compute

a(X,Y) =g9(AnM X, Y)N; — g((AN, X, Y )N,
=g9(X, AMY)N, — g(X, AN, Y)N2, X, Y € \M;
DxNy =a(X)N;, X € xM;
DxN; =a(X)N,, X €xM;
where a is a 1-form on M.

From now on, in this section (M, $,%,7, ) (dim M = 2n + 3) will be an
Fo-manifold and (M, ,¢,7,9) (dim M = 2n 4 1) will be a submanifold of 7,
such that € ¢ (T,M) and £ ¢ (T,M)*.

IfMe Fo,ie. Vg=V75 7= Vz=Vg=0, then the formulas of Gauss
and Weingarten become

VXY = VXY + g(Alev )’)Nl - g(AIVg‘Y, )")N2’ ‘x'9 Y e \AI;

(3.20) VxN, = —An, X + a(X)N,, X € M,
VxN; = —AN, X + a(X) Ny, X € M.
From (Vx@)N1 = (Vx$)Nz = 0, we find
_ 1 N a(l + a?)
a(X) = 2(b2—a2)(_b('\ oa)+ E (X ob))
1 a(l + a?)
= 5= ( bda(X) + === db( X))
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. a . Vb -
AX = AN] X = —Z/‘sz\ \/—'bz_——(/)(/‘Nr )
a(l — a? + 2b?%)

b1+ 69) db(X'))e, for X € xM

Ll (cde(x
+'2\/1 —a +0? —da(X) +
Let R and R be the curvature tensors of A and M respectively. Then
for the equation of Gauss we have
(3.21)
ﬁ(x’ Y, 2, w) = R(=,y, 2, w) - m(AN, s AN Y, 2, w) + ﬂ'I(ANT'”s AN, Y, %, “’)

for arbitrary z,y,z,w € T,M. ,
Using Vi = 0 and (3.18) we calculate

VE—aVE T |
(3.22) (Vxo9)Y = s a)vis u2++ = (n(y)Az + g(Az, y)e)
b2 —nd :
T ;()\/l—:lﬁg(ri(y)¢(Am)+.(/(Aw,</>y)5)
ViE+1 = ab
Vb2 — a?(1 —(«z2+b2 1+ A (x +b2(z°b))"(y)°

From (3.22) we obtain the following assertion:

Theorem 8.1 Let M be a submanifold of the Fo-manifold M. Then

" R _'7\/5 —+ ’
(3.23) F(z,y,z)= (14 a?)V1 - (n(J)g(Aa-, )+ n(2)g9( Az, y))
a(b? - a?) Tt . : ,
+(1 I = (1(v)g(Az, 62) + n(2)g( Az, 69))
ViT+1 b -
RV —a2(1-a2+b2)( 1+ 2 (“’ sa) kg (“"))”(J)”( )
Jor arbitrary vectors x,y,z in T,M.
According to (3.23) we compute
(3.24)
VT =@V + 1 a(b? — a?)
r LA - "y Py
(2,9,¢€) (1+a,)¢1_a,+b,a(/lr v+ RN 9(Az, dy)
S B - 20 .
+\/p—_a7(1 -a? + b2)( 1+ a? (298] + 1402 (x 0 b)) n(y)-

IC .
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From (3.23) and (3.24) we get F(z,y,z) = n(y)F(z, z,¢) + 9(z)I'(x, y,€). The
last equality is the characterization condition for the direct sum Fy @ Fs @ Fo @
Fr @& Fg B Fg ® Fu1. [5]). Thus it follows the next

Proposition 3.2. Let M be a submanifold of the Fo-manifold M. Then
MeF,0Fs®FedFr D Fgd Fod Fnu.

4. Examples of submanifolds of an almost contact manifold with
B-metric of codimension 2 '

Exampled.l. Let M = (R?*3,3,7,7,9) [3]. Identifying the point
p=(ul,...,umt vl .. o™t 1) in M with its position vector Z, we define a
submanifold M by the equalities:

9(2,2)=1;
(4.1)
#2,2)=-1.
M is a (2n + 1)-dimensional submanifold of M and Z,3Z + 0(Z)z are

normal to T, M 2n+1 'We choose the unit normal vector fields Ny = Z and N; =

ht
fﬁ(z +BZ + n(Z)). Then g(N1, N1) = —g(Na, N3) = —1 and g(Ny, N3) = 0.
It is clear, that # ¢ T,M and 7 ¢ (T,M)"*.

From (3.16) and (3.18) by @ = tht,b = —/2sht, t # const, we obtain
respectively
E=¢€0+ thtNl - \/'zsthz;
(4.2) =X -thtn°(X)N; X € xM;
PNy = —thteg — (1 + th?)N; + V2chtNy;
@ = —v/2chtN;y + Na.
cht

€ = —rm—m—mm——mF);
V14 2sh2tch?t

cht

4.3 X)= —————
(43) "X = e oentent: !

¢X = X - th?ty(X)e, X € \M.
Taking into account (4.3) and (3.19), we can conclude that (M, ,¢,1,9)
is an almost contact manifold with B-metric.
Denoting by V and V the Levi-Civita connections of the metric g in M and M,
respectively, the formulas of Gauss and Weingarten are

and

oX), Xe\M;
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VxY = VxY + g(AN, X,Y)N1 — (AN, X,Y)N3,  X,Y € \M;
(44) VxN = -An X, X € xM;

VxN; = -An, X, X e€xM.

Since V is flat, then VxZ = X, Z being the position vector field and
X being an arbitrary vector field on M. Using (4.4) and the definitions of Ny
and Ny, we get .

AN X =-X X € xM;

AN, X = -L;f(x +¢X +ch2in(X)e), X € xAf;
Y .
X)= ot), X € xM.
n(X) chtv1 + 2sh2tchTt( ) A

Then the formulas (4.4) become

VxY = VxY - g(X,Y)N; + f/"f(g(x Y)+(8X.Y) 4 chn(O) )N

(4.5) VxN, = X
. VxNy= f(x + 6X + ch2tn(X)e).

Having in mind (4.2), (4.3) and (4.5) we compute

sh3t

(Vxo)y = W(ﬂ(y)‘ﬁ z + g(z, dy)e)

shtch?t

T s e+ a(éx dv)e), 2y € TLM.

Hence,

sh3t

F(a,y,2)= -
@9,2) V1 + 2sh?ich?t

(n(y)g(dz,2) + n(z)g(dz,y))

shich?t

- T 2sh2tch2t(7’(y)y(¢z’ éz) + n(2)g( Pz, dy))

for z,y,2 € T,M.
(£) shich?t

From the last equality and from (2.4) we have = 5
;l + 2sl|itchit~
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™ 3
0%() = —-——-Lhi——. Then

2n v1+ 2sh?tch?t
0(¢)

F(z,y,2) = ——i—(ﬂ('y)y(tﬁw,qﬁz) + 9(2)g(Ppx, dy))
_9%(¢)
2n

(n(y)g(px, z) + n(=)g(Px, y)).

Thus, the submanifold (M, é,€51, g) is.an almost contact manifold with B-

metric in the class F; @ Fs. i
Now, from (2.5), (4.5) and R = 0 for the curvatuve tensor R of the

submanifold M we find
ch?t ch?t
(4.6) R(z,y,z,w)=(1- T)n(z,y, z,w) — —2--(1r-)(:t, Y, 3, w)

-w3(z, ¥, z,w) + ch2imy(2, y, z, w) + ch2ins(2, y, z,w)), x,y,:.w € T,M.

The tensors 7y, 73, 73, 75 are given in [5]. The tensor 74 is defined by:

T4(2,9,z,w) = g(y, 2)n(x)y(w) = g(z, z)n(y)n(w)
+g(z, w)n(yIn(z) — g(y, w)n(z)y(z).

Proposition 4.1. Let (M, $,c,7,9)(dim M = 2n+1) be a submanifold
of the flat Fo-manifold M = (R**+3 5 7,7}, 9), defined by the cqualitics (4.1).

8 : ht
Then M has pointwise constant curvatures K(a;p) = 1 — f—'——— of the lotally

real orthogonal to ¢ sections a and poinlwise conslant holomorphic sectional
curvatures K(c;p) = —sh?t.

Proof. Let a = {2,y}, z,y € T,M be a totally real orthogonal to ¢
section. From (4.6) it follows that

. o e
R('tv Y, ysx) - (1 o —:2-")7?1(.'1.', Y, y,a:).
2
Then the formula (2.7) implies immediately K (a;p) = | - ——d; I. In the case,

when a is a holomorphic section, i.e. a = {¢a,¢%¢}, = € T,M we have
R(pz, p*z, p*z, pz) = —sh?imy(dz, p?x, $2x, da) and K'(a;p) = —sh?L. -
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( 2n+$ .

Example4.2 Let M be the submanifold of M = P T 9),

determined by
g( Z,7 ) =-1
(4.7)
j(Z, $Z) = 0;
The vector fields $?Z and $Z + 7( Z)T are normal to M. llence, the structure
vector field  on M is not in T, M and (7, M )*. At every point p € Al we can put

tht 1 1
= J T - ——pl] — —=F
7(Z) = sht, t # const. Then for the vector ﬁ(ldq Ny T Z - shl",/ a7

and Ny = htcpZ + € we have g(Ny, Ny) = —g(Na, N2) = -1, ¢g(N1.N3)=0

The following decomposition for &,3N;, PN, and cp.\ X € M with
respect to {Ny, Na} and T, M is valid:
= g0+ N1+ Ny;
¢X = X — th?1°(X)N,, X € xM;
(4.8)

Ach2t
BN; = thteg — 10 SNy — cth?Ny;

BN3 = cth?INy + cth?tN,,

where ¢ denotes a tensor field of type (1.1) on M,g9 € YM, 3°is 1-form on M
and 7°(X) = g(¢0,X), X € xM.
From the equalities (4.8) we obtain
9(€0,€0) = 1;
@ = =T+ (14 th't)y° ® g;
(4.9)
peo = —th3leg;
7%(eX) = -th?6°(X), X € yM.

Now, we define a vector ficld ¢, a 1-form 5 and a tensor ficld ¢ of type
(1.1) on M by
€ = oy
(4.10) n(X)=n%X), X exM;
dX = pX + th®1n(X)e, X € xM.

Using (4.9), (4.10) we check immediately that (¢,,9,¢) is an almost
contact structure with B-metric g on the submanifold M of M.

Let ¥V and V be the Levi-Civita connections of the metric g in M and
M, respectively. Then the formulas of Gauss and Weingarten are
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VxY = VxY — (AN, X, Y)N1 + (AN, X, V)N, X.Y € \M;
(4.11) VxNy=—-AN, X +B(X)N2, X € \M;
VxN; = -An, X + B(X)N;, X € xM; :
From (4.11), the definitions of Ny, Ny and VxZ = X. Z being the
position vector field, we find

tht 1 — sh?t . .
AN1X = a'l—i.Y + m(ﬁ“ + hichi 1)(\ ), X el
A X = X+ —_p(X)e, X € \M;
N3 < sht - shic l‘l" y XMy
7(X)
] 2y 4 A’l;
AX) shtch?t X €x

n(X) =cht(Xot), X € xAl.

Then the formulas (4.11) become

tht . )
VxY = Vx¥ = (G7006Y) + 5o0(6X,Y) + = ,,, L X )Ny
'l f 4
~(53 y(¢ ST n(X)n(Y))Na;
(4.12)
tht 1 . sh%t |
VxM "—'HX vt iren 121 '(\) ez 1IN
1 ]
vaz— ¢ + shich 2ln( e+ hfch2l,,(" Wi;

Using (4.8), (4.10) and (4.12) we compute
tht -
(Vx¢)y= —Eﬁ(.‘/(wv¢y)€+"’(!/)¢z)v T,y € 1))/”-

tht , .
Hence, F(z,y,z) = —m(ry(z)y(z,¢y)+ n(y)y(x,oz)), x,y,z € T,M. From
0*(¢) the

the last equality and from (2.4) we get O(¢) = 0, — R TE . Therefore,

F(z,y,2) = ( )(n(z)g(:t oY) + 9(y)g(x,¢z)). According to [1], M € Fs
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iff F(z,y,2) = —e;—ff)(n(z)y(a:,qby) + 9(y)y(x,¢=)) and consequently the sub-
manifold (M, ¢,¢,n,g) is an almost contact manifold with B-metric in the class
Fs. ;
Taking into account (2.5), (4.12) and R = 0 for the curvature tensor R
of the submanifold M we obtain
(4.13)  R(x,yz,w) = (_:hTI —th?imy (2,9, 2, w) + m3(2, ¥, 2, w)
sh?t -1
ch?t
Proposition 4.2 Let (M, $,c,1,9) (dim M = 2n+1) be a submanifold
of the flat Fo-manifold M = (ﬁmﬂ'a,&, Z,7,9), defined by the equalilies (4.8).
Then M has pointwise constant curvatures of the lotally real orthogonal lo €
seclions and pointwise constant holomorphic and ¢- sectional curvatures,

Proof. Using (2.7) and (4.13) we have:
2

th
K(a;p) = G where a = {x,y}, @,y € T, M is a totally real orthog-

a2, y, z,w) + 75(x, 9,2, w)); x,y,z,w € T,M.

onal to € section;

th2
K(a;p) = —ﬁ, where a = {¢z,¢p*z}, € T,M is a ¢-holomorphic
section; 5
K(a;p) = vyt where a = {z,y}, « € T, M is a s-section. n

Example4.3. Let M be the submanifold of M = (1@2""'335,2', 9,
determined by
9(Z, Z)= -1
(4.14)
g(Z, ®Z)=0.
The vector fields Z and $Z are normal to M. Therefore ¢ T,Al and T ¢
(T,M)t, p € M. If at every point p € M we sot (%) = sht, 1 # const,
then the vector fields Ny = Z; Ny = — 12‘p‘Z fulfil the conditions g(N;, Ny) =
—9(Na2, N3) = =1 and g(Ny,N3) =0.
Further, we have the following decomposition for , Ny, PNz, and X, X €
\M with respect to {Ny, N3} and T,M :
€ =¢p—-shiNy;
PX = oX + thiy®(X)N,;, X € xM;

ch

(4.15)
®N;y = chiNy;
®N; = thicg — cht Ny,
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where ¢ is a tensor field of type (1.1) on M, ¢ € xM, 3° is 1-form on M and
"0(1:) = y(EO’ X)’ X € XM'
After direct computations from (4.15) we get
9(€0,€0) = ch?y;
P?=-I+ ;T:Tﬁ"o ) €03
(4.16) »
peo = 0;
°(eX)=0, X € \M.
We define a vector field ¢, a 1-form 7 and a tensor field ¢ of type (1.1)
on M by ‘

€ = —¢o;

cht
(4.17) n(X)= a—]—tno(.\'), X € xM;
X =X, X €M
It is easy to check that (¢,c,7,9) is an alinost contact structure with
B-metric g on the submanifold M of 7.
Denoting by V and V the Levi-Civita connections of the metric g in M
and M, respectively, the formulas of Gauss and Weingarten are
VxY = VxY — g(AN, X, Y)Ny + (AN, X, Y)N2, X,Y € XM;
(4.18) VxN, = -An,, X € xM;
VxNy=-An, X, X € xM.

The definitions of Ny and N3, (4.18) and Vx Z = X, Z being the position
vector field and X being an arbitrary vector field on A/, imply
ANI X = —(\', X € \’A[;
|
AN, X = -—;l-l-r/)X, X €xM;
NX)=(Xot), X €Al

Hence, the formulas (4.18) become
; 1 S
VxY =VxY +g(X,Y)N; - ;m!l(-\-fl’)' )N2;
(4.19) VxN, = X; -
1
VxN; = E—h—t-cﬁX ;
Now, using (4.15), (4.17) and (4.19) we calculate

(Vx@)y = —tht(n(y)dz + g(x,dy)e), 2,y € T,M.
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lence, F'(x,y,z) = —tht(y(y)g(x,dz)+ n(=)g(x.Py)), x.y,z € T, M. From this
2(") —tht. Then

equality and (2.4) we ‘compute O(e)=0, —

O*(¢,
F(z,y,5) = -2

Thus, (M, ¢, <,n,9) is an almost contact manifold with B-metric in class
Fs.
Finally, for the curvature tensor R of the submanifold A/ we have

(4. 20) R(-"—‘,y, "w) = -m(,y,z, ll7)+ 7|'2(17 Yy, W), 2y, 3w € T M.

Proposition 4.3. Let (M, p,c,1.9) (dim M = 2n+1) be a submanifold
of the flat Fo-manifold M = (Rz'ﬁa,iﬁ,“ 7, 9), , defined by the equalilies (4.8).
Then M is of constant lotally rcal and c-scetional curvalures and pointwise
constant holomorphic sectional curvatures.

Proof. Using (2.7) and (4.20) we get:

K(a) = -1, where a = {z,y}, 2,y € T, M is an arbitrary totally real
section;

K(a) = -1, where a = {z,c}, « € T, M is a ¢-scction;

K(a;p) = —th?t, where a = {¢z,¢?z}, = € TpM is a ¢-holomorphic
section. s

R em ar k. Note, that as in the Example 4.2., the maniflold M € Fy
in the Example 4.3. has negative pointwise constant characteristic sectional
curvatures. But in the Example 4.3. the curvatures of totally real and s-sections
are global constans equal to -1. Morcover in the Example 4.2. the totally real
sections are orthogonal to £ and in the Example 4.3. the totally real sections
are arbitrary.

An example of a manifold M € F5 , which has vanishing totally real and
¢-sectional curvatures is given in [5].
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