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Abstract

In the present paper, we have studied the structure induced on hypersurfaces
of almost r-contact Riemannian manifold and proved that on this hypersurface with

(4 o n%) connection if 1-form ;1“ , 0 € (1) is covariant almost analytic vector
field, then we have

bDHhX E)=bF) Y. E)
provided V) ¥=(Vgb)X and a #0
where b is 1-form, V is induced Riemannian connection on the hypersurface
M, and h is second fundamentat tensor.
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1. Introduction

Let M be an n-dimensional Riemannian manifold with a positive definite
metric g. If on M there exist a tensor field ¢ of type (1, 1), r vector field £, §,, ....
g (r<n)and r 1-forms nL, 12 ... n" such that

=8, ape®={12..1) (LD
P=-1+1"®F, ac@ (12)

n“X)=g X, &) 0@ (1.3)
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29X, oY) =gX, V) -Zn* X n* (Y) (1.4)
o
def
where X, Y are vector fieldson Manda® b = Za%b_,thenZ=($, &, 1% 2),, . ©
is said to be an almost r-contact Riemannian structure on M is almost r-contact
Riemannian manifold.

From (1.1) through (1.4), we also have

$ (€, =0, o € (1) (1.5)

n%0 ¢ =0, a e (1) (1.6)
def

B, Y) = g(¢X, Y)=-"F(X, Y). (.7

Theorem 1.1. An almost r-contact structuore on M is normal iff
NX, Y)= Nq,(X, Y)-2dn* (X, Y) éa =0,
where N s is the Nijenhuis tensor field for ¢ and o € (r).

For a Riemannian connectionV on M, the tensor N may be expressed in the
following way

Ny, Y) = (V,y 90 = (V) $Y) = (Vg0 ) (V) + (T )(0X)
1% (X) Vy £, ~n*(Y) Vy & (L8)

2.  Hypersurface of almost r-contact Riemannian manifold
Let M be a n-dimensional Riemannian manifold with a positive definite

metric g and let M, _ | be a hypersurface immersed in M,.

If J* denotes the differential of the immersion J of M, _,into M and X isa
vector fieldon M_ _,. :

Remark. From now, on all objects on M, _, will be denoted with the mark ‘~’

over them e.g. a;, X etc,

Let N be the unit normal field to M o 1- The induced metric gon M _, is
defined by
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X N=g XD (2.1)
we have
gX,N)=0 and g(N,N)=1. (2.2)

If V is the Riemannian connection in M,, then the Gauss and Wiengarten formulas
are given respectively by

Vg Y=V Y+h X HN 2.3)
Vi N=-H(X) (2.4)

where ¥ is the Riemannian connection in M, _ | and h is the second fundamental
tensor satisfying

hX V=h(¥,X) =g HX), . (2.5)

Now suppose that X = (¢, ?;a, % g)a cm is-an almost r-contact Riemannian
structure on M. Then every vector field X on M, is decomposed as

X=X+uXN (2.6)

where v 1s 1-form on Mn, and for every vector field X on Ml1 -1 and the normal N,
we have

0X=0X+bX)N @7
$N=N+AN (2.8)

where 5 is a tensor field of type (1, 1) on a hypersurface M, _,,bisal-formonM
and A is a scalar function on M,

For each a € (r), we have
£, = ga +a, N, o e (r) 2.9)
a, = u€,) =n"(N), ae(r) (2.10)
We define 1-form n® as follows

&) =n"&) = ae@ 2.11)
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from (2.7), (2.8), (2.9), (2.10) and (2.11), we have

PR+bEN=-X+1* X E,

and
b(@X) + b &) =an* &)
a;ﬁ +AN=X a, Ea
o
bN) +A7=%a% -1
(¢
$Ea =~aaI"<I a e (1)
bE,)+ra, =0 o e
Mo X+bX)a, =0, o e ()
Sg = ﬁa (EB)+aBaO€
1" X =g & E,)
Since g(0X, 6Y)=gX V- n*X)n*(¥),
a
therefore
g@Xe¥)=s X D-2 1* &) n* ) - b(D).
Since FX V=g 0X Y).
We find
FX,Y)=FXY)
again since O0=¢g (IS X, N)
0=-bX)-gX N
ie.

g X, Ny =-bX).

2.12)

2.13)
(2.14)
(2.15)

(2.16)
(2.17)

(2.18)

(2.19)

(2.20)

2.21)

(2.22)

(2.23)

Differentiating covariantly (2.7) and (2.8) along M__,, using (2.3) and (2.4), we

have
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Vi X =V HX+H{Tg)X-2Ah X D +b@ X 1)} N
~h K HN+b&){Vg N+h@N, ¥ )N} (2.24)
(Vg $) N =V N+g (HT)) - A HT) + NY() (2.25)

We also have from (2.9) and (2.10)

Vg b, =V5E +{h(¥.E) +¥ @)} N-HY) 3, (2.26)
from above

(Vg 19X = (Vg9 X —a,h X, Y) 2.27
and since V' HE D=2V $)X.

V; &Y= V: HX-vNh &, 7 - T, 7). (2.28)

3. Hypersurfaces of almost r-contact manifold with (, £a, n%) connec-
tions

If almost r-contact manifold satisfying (¢, &, n% connection, then
Vé=0,
v ga =0, oe(n)
vVn*=0, ae(

where V denotes the covariant differentiation with respect to a symmetric affine
connection on M.

Hence we can state the following theorem :

Theorem 3.1. On the hypersurfaces of almost r-contact manifold with (¢, &,
n%) connection, we have

@ @FgH¥=h& DH+HR D - (Fg DT -, T) +hE DN
® (V3N =HE) - §HE) -NX })
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© @, HED =& n¥.2 +b@nX D
@ (Vg &) =HT)a,—{hT.E) +¥@)N
© FgnMX =a,h &Y.

Further if Ea , O € (1) is contravariant almost analytic vector fields on the
hypersurface Mn -7 then
£ § =0,
Ea ¢
where £ denotes the Lie derivative, then
[£,.0X1=%[E, . X]
or (f?-— o) X=

then from theorem 3.1(a), we have the following theorem :

Theorem 3.2. On the hypersurfaces of almost r-contact manifold with (¢, &
M%) connection if g » o € (r) is contravariant almost analytic vector field then we

have
F(VzE,. V)=bE)hE . ¥)-bT)nE . X) -2 h X D).
4.  Killing vector field

A vector field € @ € (1) is killing vector field with respect to Riemannian
connection V then we have

£ 8 =0,
ie. (Vg X+ (V3 1Y =0
from (2.27) Vo)X +(¥ ™) ¥=2a_hX ¥

this leads to the following theorem :

Theorem 4.1. On the hypersurfaces of almost r-contact manifold ifg ., ae(r)is
killing vector field with respect to Riemannian connection.
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We have
(Vgn™ X +@gn®) ¥=22, b X D).

5.  Covariant almost analytic vector field

An 1-form q® () is said to be covariant almost analytic if

~~ P~

7 Tz T-FTgh)X) =Tz T-Fgn™ré¥
using (2.24) and (2.27), we have
(vd,;(nu)?F(V;(n“)?ﬁi’=n°‘((vgm?—(vw)i)—aa&gb)?
~ (T B X 145 1 @E)) - b&) n* ET ).
Further with respect to (§, £, n*) connections above becomes
2 (T3 Y -Tyn) X} = -b ET), §,) +dM EHEX), &)
= b(H X, E,)-bE (Y ,E,).
Hence we can state the following theorem :

Theorem 5.1. On the hypersurfaces of almost r-contact manifold with 4, £

%) connection if 1-form ﬁ“ , & € (1) is covariant almost analytic vector field then
b &, E, )= b)Y, E))
provided Vg b)Y =g X, a =0
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