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Abstract : The present paper deals with the study of O- concircurlarly symmetric Para Sasakian manifold and have
study locally and globally ®- concircurlarly symmetric Para Sasakian manifold. further we have shown that globally
symmetry and globally ©- concircurlarly symmetric are equivalent. Next we study 3 — dimensional locally @-
concircurlarly symmetric Para Sasakian manifold.
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I.  Introduction:

A transformation of an n-dimensional Riemannian manifold M, which transform every geodesic circle
of M in to a geodesic circle, is called a concircular transformation. A concircular transformation is always a
conformal transformation. Here geodesic circle means a curve in M whose first curvature is constant and second
curvature is identically zero. Thus the geometry of concircular transformations, that is, the concircular
geometry,is a generalization of inversive geometry in the sence that the change of metric is more general than
that induced by a circle preserving diffeomorphism. An interesting invariant of a concircular transformation is
the concircular curavture tensor. A concircular transformation is always a conformal transformation . an
interesting invariant of a concircular transformation is the concircular curvature tensor. A (1,3) type of tensor
C(X,Y)Z which remains invariant under concircular transformation for n dimensional Riemanniam manifold is
given by [4]

(L.1) CX,Y)Z=R(X,Y)Z — n(nr—l) gV, 2)X — g(X,Z)Y]

Where R is the Riemannian curvature tensor ,r is the scalar curvature tensor.
from (1.1) we obtain
dr (w

(12)  DOwOXYZ=DyRX, Y)Z —n(n—_l))[g(Y, )X — g(X,2)Y]

In this paper we study of @- concircurlarly symmetric Para Sasakian manifold.we have also study locally and
globally @- concircurlarly symmetric Para Sasakian manifold and shown that globally symmetry and globally @-
concircurlarly symmetric are equivalent.Next we have study 3 — dimensional locally @- concircurlarly
symmetric Para Sasakian manifold and shown some interesting result.
A contact manifold is said locally @- concircularly symmetric if the concircular curvature tensor C satisfies
(1.3) B*((DxC)(Y,Z,W)) =0
For horizontal vector fields X,Y,Z € X, Mholds on M. If X,Y,Z and W are arbitrary vector fields the
manifold is called Globally @- concircurlarly symmetric.

II. Preliminaries:
Let M™(9,&,n, g) be an almost contact Riemannian manifold ,where @ is a tensor field of type (1,1) ,§
is the structure vector field ,n is a 1-form and g is the Riemannian metric which satisfy
(2.1 P2X = X —n(X)&
22 @ n@=1 0 gXH=n) © n@X)=0 (@ ©G&=0
(2.3) 9(@X,2Y) = —g(X.Y) —n(X)n(¥)
(24) (Dx®)(Y) =—-GX,Y) —n(V)X +2n(Xn(¥)¢
2.5) (@) Dx§ =X, (b) (Dxym(Y)=g(@X,Y), (c) dn=0
For all vector field X,Y,Z where D denotes the operator of covariant differentiation with respect to g, the
manifold M"(@,¢,n, g) is called a Para —Sasakian manifold or briefly a P — Sasakian manifold. [2-8].
In a Para Sasakian manifold , the following relation holds [ 1,2,6]
2.6) n(R(X,Y)Z) = g(X,Z)n(¥) — g(¥,Z)n(X)
2.7)  RX,Y)§ =n(X)Y —n(¥)X
(2.8) S(@X,0Y) =SX,Y) + (n — DnX)n(Y)
29 S & =—-(n-DnX)
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For all vector fields X, Y, Z, where S is the Ricci Tensor of type (0,2) and R is the Riemannian curvature tensor
of the manifold.
For a 3 — dimensional Para Sasakian manifold,we have [4 ]

2100 RUNZ = (S2) [g(r, 20X — g (X, 2)Y] = (52) [g (v, 2§ = g(X, (1§ +
n¥nZX—pXpZ¥V
@11 S&Y) =3[0 +2)g(X,Y) — (r + 6)nX)n1)]
For all vector fields X, Y, Z, where S is the Ricci Tensor of type (0,2) and R is the curvature tensor of the type
(1,3) and r is scalar curvature of the manifolds.

If the Ricci tensor S of the manifold is of the form S(X,Y) = Ag(X,Y), where ) is a constant and X,Y € X,, M
, then the manifold is Einstein manifold.

I1. Globally @- concircularly symmetric para sasakian manifold:
Definition (3.1): A Para Saskian manifold M is said to be Globally @- concircularly symmetric if the
concircular curvature tensor C satisfies
(3.1) 02 ((DxO)(Y,Z,W)) =0
For all vector fields X,Y,Z € X, M.
Let us suppose that M is globally @- concircularly symmetric Para Sasakian manifold then by the def (3.1) , we
have
0*((DwO)(X,Y,2)) =0

Using (2.1) , we have

Dy OX,Z = ((Dy OX,Y)Z)E =0
From it follows that

9((Dw O, 1)Z,0) = n((Dw OX, V) Z)n(U) = 0
Using (1.4) in above we get
3.2 g(OwRX,NZU) - =519V, 2)g(X,U) — g(X, gV, )] = n(((DwRIX,V)Z)y(U) +
dr (W)

oo L9, D) — g (X, Z)n(Y)]n(U) =0

Let (e;),i = 1,2,3.....n be orthnormal basis of the tangent space at any point of the manifold the putting
X = U = ¢; in (3.2) and taking summation over i, we get
(3.3)

0= (D,S)(¥,2) - ==g(¥,2) —n(((Dy R (e, V)Z)n(e) + ——
Putting z = £ in (3.3) and using , we get
34 0,8 - “’(W)nm n(((DwR) (e, IE)(e) = 0

After simplification ,we get  n(((DyR)(e;, Y)E)n(e;) = 0
Then from (3.4), we have
(3.5) (D, S)(¥,§) = ~dr(W)n(¥)
Putting Y = &, we get dr(w) = 0 and this implies r is constant . So from (3.5) we have
(D,,$)(Y, &) = 0 and this implies that
SY,W)=—-m-1)g(Y,W), Hence we state the following
Theorem (3.1): If a Para Saskian manifold is globally @ — concircularly symmetric , then manifold is Einstein
manifold.
Further it is also well known that if the Ricci tensor S of the manifold is of the form S(X,Y) = Ag(X,Y), where
A is constant and X,Y € X, M , then the manifold is Einstein manifold.
Now let us suppose that S(X,Y) = 1g(X,Y),that is manifold is Einstein manifold then from (1.3) , we have
Dy )X, Y)Z = (DyR)(X,Y)Z
Apply @2 both side , we get
%Dy C)(X,Y)Z = @*(Dy,R)(X,Y)Z , Hence we state following
Theorem (3.2): A globally @ —concircularly symmetric para Saskian manifold is globally @ —symmetric.
Since a globally @ — symmetric para Saskian manifold is always globally @ — concircularly symmetric
manifold then by theorem (3.2) we have
Theorem (3,3): On a para Saskian manifold globally @ — symmetric and globally @ — concircularly symmetric
are equivalent.

dr (w)

dr(w) dr (W)

[g(Y Z) - n(Yn(2)]
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Iv. 3- dimensional Locally @ —concircularly symmetric para Sasakian manifold:
In a 3 dimensional para Sasakian manifold concircular curvature tensor is given by

@1 cx Nz = (52) [0, 2)X — g, 2)Y] = (52) [g(Y, 2 COE — g(X, 2§ + n(¥In(DX —

2
nXnZV—-regl,ZX—gX.zv

Taking covariant differentiation of (4.1), we get
(4.2) Dy, OX,Y)Z

- ‘"gw) [g(Y, 2)X — g(X, Z)Y]
dr(w)
- lg(Y, Zn(X)¢ — g(X, Z)n(V)E + n(YI)n(Z)X —n(X)n(2)Y]

6
- (%) [g(Y, Z)(Dyn)(X)¢ + gV, 2nX)(Dy &) — g(X, Z)(Dyn)(Y)E
- g X, Z)n(Y)(Dy &) + (Dym(¥INZ)X + (Dym)(Z)n(Y)X — (Dyn)(XIn(Z2)X

d
— (Dym@nX)Y] - @ [[g(Y,2)X — g(X, 2)Y]]

Taking X, Y, Z horizontal vector field and using (2.5) and (2.6) , we get

d
(4.3) (DyC)(X,Y)Z = @ [9(¥, 2)X — g(X,Z)Y]

- (59 19, 2g(x, W) — g(X, D)g (¥, W)
From (4.3), it follows that

0% (Dy C)(X, V)Z = 22 [g(Y, )X — g(X, 2)Y]
Hence we state the following
Theorem (4.1): A 3-dimensional Para Sasakian manifold is locally @ — concircularly symmetric if and only if
scalar curvature r is constant.
In 1977[4 ] has proved that
Corollarly (4.2): A 3-dimensional Para sasakian manifold is locally @ — symmetric if and only if scalr
curvature r is constant.

Using corollary (4.2) we state the following
Theorem (4.3): A 3-dimensional Para Sasakian manifold is locally @ — concircularly symmetric if and only if it
is locally @ — symmetric.
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