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3.2) nous permetic for every vector field x and V denotes the operator of covariant differentiation

with respect Lo the metric g. Such a manifold was called a pseudo symmetric

manifold, .1 was called its associaled 1-form and an n-dimensional manifold

of this kind was denoted by (PS),. In a subsequent paper [2] C ha ki intro-

duced anolher type of non-flat Riemannian manifold (3", ¢) (nz3) whose

Ricci tensor S of type (0, 2) salisfies the condition :

3) (VeSHY, Z)=24(X)S(Y, Z) +A(Y)S(X. Z) +4(Z)S(Y, X)

where 4 and V have meaning already stated. Such a manifold was called a
pseudo-Ricei symmelric manifeld and an n-dimensional manifold of this kind
was denoted by (PRS),. On the other hand, / Sato [3]and Matsumoto
[4]) introduced the notion of a P —Sasakian manifold as follows :

Let (M, g) be an n-dimensional Riemannian manifold admitting a

I —form =, a vector field £ and an (1 —1) lensor field ® which satisfy the [ol-
lowing conditions
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melric or a Pseudo Ricci symmelric manifold may be a p-Sasakian mani-

fold has been answered in the negative.
1. Preliminaries. In ihis section we first consider some formulas which

hold in a (PS),. Let v denote Lhe scalar curvature and L denote the sym-
metric endomorphism of the tangent space at cach point of a Riemannian
manifold (M", §) corresponding to Lhe Ricei tensor S i.e.

(1.1) gS(LX. Y)=S(X, Y)
for any vector fields N, Y. From 1) we gel .
(1.2) (VaSHY.Z) -24(X)S(Y, 2} +A(NS(X, Z) LAZ)S(X. Yy +

: +A(R(N, Y)Z)+ AR(X, 1Y)
Contracting (1.2) we get
(1.3) dviN) =2A(X)v + 1.A(LX)

Next we consider the casce of a (PSR), [2] In this case, let B be {he 1-form

defined by :
B(N)=A(LX),
where L has the meaning already given. Conlracting 3) we gel
{1.4) dv(X) =2A(X)v +2 B(X)-

Again from 3) we have

15 (VeSYs D—(TSHY, X) =AY, D) A@)SY, X).

Contracting (1.3) we get
{1.6) dw(X)=24(X)v —2B(X).

From {1.4) and {1.8) it follo\\"s that
(1.7) B(X)=0.

In virtue of (1.7), the equation (1.6) lakes the form
(1.8) du(N) =2A(X)v.
Further we get
(1.9) wd A(X, Y)=0.
We shall use these formulas later.

3 Pseudo symmetric P-Sasakian manifold (PS), (n23). In Lhis seclion
we suppose thal an n-dimensional (P8), (nz 3) is a P-Sasakian manifold. It
is known [3, 4] that in a P-Sasakian manifold, besides 4) — 8) the following

relations hold.
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(2.1) L roy

5 o BE =0, (2.2) R(E X)Y=—g(X. Y)E4+n(YV)X,

:.. S(NL 5= —(n (N, (2.4) gOX, Y)=g(X. DY)

(2.5) SIpX, Y)y=58(X, dY) 2.6 X |
S5(X, . (2.6) V)Y = Ly

& (V)Y =g(OX. V).

2'— . r » e

(2.7) (VSHY. )=V S(Y, 5)—S(VyY., 2~ S(Y, Vi)

Using 8), (2.3}, {(2.6), Lhe equalions (2,7) can be written as

l) . - b

(2.8) (VeSHY. B)= —(n-Dg(Vei, ¥)-S(Y. OX).

Again from (1.2) and (2.3). we gel

2.9 W Y. E 7 \

(2.9) (VaSHY. ) = 201~ DAN)R(Y) — (- 1)A(Y)5(N) +

) FAES(Y, X) FUR(X, VIE) +AURN, HY).
Now A(R(N. V)I)=g(R(X. Y)E. P)=g(R(%. Y)X - R(3. N)Y, P}
Using (2.2) we find |

9

(2.10) A(R(N. VIE=4(N)A(Y) — 7 V)AX)
Also |

o .

(2.11) ACR(X. V) = — A X)p(V) +0(X. V)AE)

Thus (2.9 reduces to

(2.12)  (VeSHY, &)= —2n4(X)r(V) — (n -2 A(Y)5(X) +5(P)S(X, Y)+

+4(N, V).
From (28) and (2.12) we gel

(213) 20A(N)(Y) — (- 204V )g(N) Fr( P){S(N. V) +a(X, 1)}
HARRE )

S(OXN, Y)—(n—1)g@X, Y).

Puttit = b g P i
ing N=21% in the above equation, we gel

(2.14) (30— 2pp( Py ) —(n —2)A(Y) =0.

Nexl putting Y =% in (2.14) we gel

12.15) —4(n —1yr{ P) =0,

Since nz 3. we get

(2.16
L )) 'r,(f’):(l.

FHence from (2,14) we gel

(2.17) (n—2)4(Y) =0,

Thus we get A(Y)=0, whichisi
: ’ oh i I ] .
RERCTE it ‘h;m.ell;.madmlsmble by the definition of a (PS),. This
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- Susakian manifold.
T 8y, (n=3 cannol be « P .S_u;u ‘ .
‘:h‘;:)‘roei:::uI‘llill-‘t-i(-E\'l)nn(wlri(-) P-Sasakian mami’o!d (PI:RS)" (;;;;\Se)gl{:: 1 his
se('li().n- wé suppose {hal a {PRS), {nz3) is P-Sasakian. From . '
TSV, 5 =2AN)SY, ) +ASX. B) +AE)S(Y, X).

In virtue of (2.3) the above equalion can be written as

B.1) (TeSUY. D= 20 D ANYAR(Y) — (=AY +ABSY X0

From (2.8) and {3.1) we gel ) .

(3.2 o(n—1).4{XN)y(Y) (n ]).l(‘{)—r,(“()—k:t(;)S(‘:.}\) —
{(n-Ng(@X. Y) S(Y, ®N).

in (3.2) and taking account of (2.1)
3AE(Y) HAY) —0, bhecause nz3.

NomE and (2.3) we obtain
Putting XN =3
(3.3

Now putting Y =3 in above we gel

£) =0
(3.4) A(3)

Plence rom (3.3) we oblain
A(Y) =0,
iti e ¥ - stale
. the definition of (PRS).. lh}ls we can sta
Theorem 2 ‘e (hI:;FESl; ((n =3) cannol be o P-Sasakian manifold.
e 2. s 5, (nz
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in Lhe preparation of lhe paper.
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COSYMPLECTIC QUASI-SASAKIAN MANIFOLDS WITH
a®—STRUCTURE VECTOR FIELD 2
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K. BUCHNER and It. ROSCA

1. Introduction and summary. .1 quassi-Sasakien manifold M@®, Q,
. £, ¢) is a normal alimost contact metric manifold with closed struciure 2-form
€ [11] (see also section 2 below). If in addition the struclure 1-form v is
closed. then M is called cosymplectic quasi-Sasakian manifold.

General cosvimplectic manifolds and their submanilolds have been stu-
died by many autlhors (see, e.g. Blair [2], Fum [6], Goldberg [7]. LLudden [10]).
However very little is known aboul submanifolds of a cosvmpleetic manifold
endowed with a Sasakian structure, although certain aspects of this problem
have heen discussed by Kim [8].

We denote by g the anficanonical operafor [18] of square 1 {hal anti-
commutes with @ and by dp the line element of M. In this paper, we consider
cosympleetic quasi Sasakian manifolds M, such that the covariant derivative
of the structure vector field £ satisfies V£ —e(ao®}dp. where ¢ is a nonvanishing
constant. £ will then be called a o ® — structure veelor field.

In seetion 3 il will be proved that M is foliated by symplecetic minimal
hyvpersurfaces  M;: orthogonal to £, which hasve constanl tolal curvature
{— D)7 e Furlher for any tangent vector field Xol M.. g X | ® X are princi-
pal vector fields on M.

In section 4, conlact CR submanifolds M of M [20] will be considered.
The verlical distribution DL on M is always involulive, llence M enjoys one
of the basic properties of Kihler manifolds [1], Sasakian |20} and pseudo-

Sasakian manifolds [11]. In addition, £ is an nmbilical section for the leaves
of D1,

In the fast seelion, we study a manifold M with the additional property
Lhat the struclure veclor field £ is exterior concurrent [15], [16]. In this case
the second covariant differential of % salisfies V2%— ("3:;; i (l;). If @ denotes
Lhe tangential antiinvariant distribulion of dimension m-+1 on 3 [20], then
Lhe necessary and sufficient condition that the abeve equalion be satisfied, is
that 7D and &7 are both involulive. In this case M is foliate and M M, x M
where M, is a tangential antiinvariant submanifold tangent to D and .\I_ins
1 nermal antiinvariant  submanifold langent lo ®7P. Furthermore M, s



