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Abstract

In 1975, Golab, S introduced the notion of quarter-symmetric connection in a Riemannian manifold with
affine connection. Further it was developed by Biswas, S.C., De,U.C. and other geometers. In this paper
we have studied quarter symmetric connection in a conformal K — contact Riemannian manifold.
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1. Introduction

Let us consider an n — dimensional differentiable manifold M™ of differentiability class
" indowed with a tensor field F of the type (1,1), a 1 — form u and a vector field U,
satisfying.

¥=-x+ux)u, (1.1) (a)
where

T =FXx). (1.1)(b)

rank F=n—-1 ,u=0,u(X)=0,uly)=1 (1.2)

then M™ is said to be an almost contact manifold with contact structure (F, u, 7).
Let there be defined in an almost contact manifold M™, a metric tensor g satisfying

g(X V) =gxY) —ulDuly), (1.3) ()
where
u(X) = g(x,Uu), 1.3) (b)
then the manifold is called almost contact metric manifold.
If we put
'F(x,7) = g(R V). (1.4)
Then using (1.1)(a), (1.2), (1.3) and (1.4), we have
FXY)=—-g&x V) =gX V) ="FXVY), (1.5) ()
‘F(X,Y) + F(Y,X) =0. (1.5)(b)

If in an almost contact metric manifold

* E-mail: apoct0185@rediffmail.com, Sunilk537@gmail.com

161



JOURNAL OF PROGRESSIVE SCIENCE

2F(x,Y) = (Dyu) — (Dyu)(X), (1.6)

where D is Riemannian connection, then M™ is called an almost Sasakian manifold.
If in an almost Sasakian manifold (Miyazawa and Yamaguchi, 1966)

I:ﬂ};-'u] {?] + I:ﬂ}'u] U’n’] = 2pg [:Xr V] 5 (1 -7)
Then the manifold is called conformal K — contact Riemannian manifold.
A connection on B is said to be quarter- symmetric connection if torsion tensor satisfies

Sx, V) =nlV)X —n(X)¥
where m is 1 form and FX = X, F is a tensor field of type (1,1).
A quarter symmetric connections B is given by (Golab, 1975)

ByY = D,V —ulX)¥, (1.8)
where D is a Riemannian connection.
In an almost contact manifold

(Byw) (V) = (Dyu) (V). (1.9)
Also in almost contact metric manifold with quarter- symmetric connection B, we have
(Byg)(V,Z) =0 (1.10) (a)
(By'F)(v,Z) = (Dy'F)(V,Z) (1.10) (b)
(B,'F)(v,2) = g((B; F}(¥), Z) (1.10) (c)

An almost contact metric manifold with connection E is an almost Sasakian manifold
if
2F(X, V) = (Byw (V) — (Byw) (X). (1.11)

2. Some theorem on conformal K- contact Riemannian manifold admitting
quarter symmetric connection B

Theorem (2.1) In conformal K- contact Riemannian manifold with quarter -symmetric connectioni,
we have

(Byw(¥) + (Byul)(X) = 20g(X,V) (2.1)
Proof. From (1.8) and (1.10), we have
(Byw) (V) + (Byw)(Xx) = (Dyu)(V) + (Dyuwd (X)
=2pg(X,V),
which proves the theorem.
In view of above theorem we have the following theorem.

Corollary(2.1) : In a conformal K-contact Riemannian manifold with the quarter-
symmetric connection B, we have
F(X,V) = (Byul(V) — pg(X, V) (2.2)

Proof. Using (1.12) in (2.1), we get (2.2).
Theorem (2.2): In a conformal K-contact Riemannian manifold with the quarter-
symmetric connection B, we have

u((ByF)(¥)) = p'F(x,V) — g(X,7) and (2.3) (a)
(By'F)(V,Z) + (B, F)(Y,Z) =ulZ)p’F(X,Y) + u(Y) p’F(X, Z)
+ul(¥) g(X,2) + u(Z)g(X, 7). (2.3)(b)

Proof. Using (2.2) and (1.4), we have
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u((ByF)(¥)) = u(B;¥) = —(Byu) (7)
=p'F(x,v) - g(X.7),
which proves (2.3) (a) .
Further we have from (1.5)(a)
‘F(7,Z) ="F(v,2)
(By'F)(V,Z)+ F(ByV,Z) + 'F(V,ByZ) = (By F) (Y, Z)
+F(B,Y,Z) + F(V,B. Z) . (2.4)
Now
‘F(ByF,2) = g(By ¥, z)
= g(By¥,Z) — u(B, ¥ )ulZ)
=g((B,F)(V), Z) + g(ByY, 2) — u((B;F) (V) Ju(2)

‘F(By¥,Z) = (B F)Y,Z) + F(ByY,Z) — p FX, V)u(Z) — g(X, 7 )u(z). (2.5
Similarly

‘F(V,ByZ) = —(By"F)(Z,Y) +'F(V,ByZ) — p'F(X, Z)u(Y) — g(X, Z)u(y). (2.6)
Using (2.5), (2.6) in (2.4), and using ( (B, "F}(v,Z)) = —(B; F)(Z,¥) ,we have
(By F)(V,Z) + (By F)(Y,Z) = pF(X, V)ulZ) + p°F(X, Z)uly) + g(X,Tu(Z)

+g9(%, Zuly) 2.7)

which proves (2.3) (b).
Theorem (2.3): In a conformal K-contact Riemannian manifold with quarter -symmetric
connection B, we have
(B;'F) (X, V) = —R(X,V,Z,U) + (Bey 1) (2) — Vpg(X,2) + Xpg(V,2) (2.8)

where
R(X,Y,Z) = ByByZ — ByByZ — Biy 1Z
‘Rx,v.Z,U)=u(R(x,v,2)) = g(R(Xx,V,Z), U}
and S(x,v) = ul(v)X —u(X)¥ is the torsion tensor of the connection B.
Proof. From (2.2) we have
"F(Y,Z) = (Byu)(Z) — pg(¥,2)
(B F)(Y,Z) + F(B,Y,Z) + 'F(Y, ByZ)
= By((Byw(2)) - By (pg(v.2))
= (By Byw)(Z) + (Byw)(ByZ) — Xpg(V,Z) — p(By g)(V,Z) — pg(B,Y,Z)
—pg(¥,ByZ)
= (By Byuw)(Z) + (Byw)(By Z) — Xpg(V,Z}) — pg(ByY,Z) — pg(¥V,By Z)
Using (2.8), we have
(By'FI(Y,Z) + (Bg,yu)(2) — pg(BxY, Z) + (Byw) (ByZ) — pg (¥, By Z)
=(ByByw(Z) + (Byw)(ByZ) — Xpg(V,Z) — pg(ByV, 2Z)
_JGQI:}?.! BXEJ
9) (By F)(V,2) = (ByByw)(Z) — (Bs,vu)(2) — Xpg(¥,2) (2.9)
Similarly, using
‘FiX,Z) = (Byw)(Z) — pg(X, Z)
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—F(z,%) = (Byw)(Z) — pg(x, Z)
—(B,"F)(2,%) —F(B,Z,X) —F(Z,B.X)
= (ByByw(Z) + (Byw(ByZ) —Ypg(X,Z) — pg(B,Y,Z)
_JGQ{XJ BIZ]
—(By'F)(Z,X) + (Byw)(ByZ) — pg(X,By Z) + (Bg, yu) (Z) — pg(ByX, Z)
= (ByByuw)(Z) + (Byw) (B, Z) —Ypg (X, Z)
—pg(ByX.,Z) — pg(X, By Z)
—(By'F)(Z,X) = (By Byw(2) — (Bg xu)(2) — Ypg(X,2) (2.10)
Subtracting (2.10) from (2.9), we get
(By'F)(V,Z2) + (B F)(Z,X)
= (By Byw)(2) — (ByByu)(Z) — {(Bspyy-x)( D)} + Yog (X, 23 — Xpg(V, 2)

UR(X,Y,2)) — (BsxnU)(@) + Ypg(x,2) — Xpg(v, Z)
-(B;F)(x,Y) ="R(X,Y,Z,U) — (Bszyw)(2) + Ypg(Xx,2)
—Xpg(Y,Z)
(B, F)(X,¥) =—R(X,¥V,Z,U) + (BE,:_-XIE-;,U)[ZJ —Ypg(X,Z)
+Xpg(y,Z)
which proves (2.3).
Further let (BE,;_-X.}-;,-H) (Z) = 0, then
(B, F)(X,V)=—R(X,V,Z,U) —VYpg(X,2) + Xpg(V, Z)
‘R(X.V,Z,U) = —(B, F)(X, V) —¥p(X,Z) + Xpg (¥, Z) (2.11)
Barring X and Y , we have
(B, F)(X,V)=—F(X V,Z,U)-Ypg(XZ)+¥pg(¥,2Z)
'RIX,V,Z,U)= —(B; F)(X, V) - Vpg(X,Z) + Xpg(¥,Z) (2.12)
Adding (2.11) and (2.12),we get
‘R(X,7,Z,U)+ R(X,V,Z,U)
—((B,;'P(Z,7) + (B, F)(X,V)) - Fpg(R,2) + Rpg(¥,2)
—Ypg(X,Z) + Xpg(V,2)
—p'F(Z,X)u(¥) — pF(Z,V)ulX) — g(Z,X)uly) — g(Z,¥)ulx)
—Ypg' F(X,Z)+ Xp'F(Y,Z) —Ypg(X,Z) + Xpg (¥, Z)
=Xpg(¥,2) + XZp'F(v,2) —p'F(Z,X)u(Y) — pF(Z, V)ulx)
—o(Z, Duly) — g(Z,Tu(x) — Vo' F(X,Z) —Ypg(X,2).
Hence, we can state following theorem.
Theorem (2.4) In a conformal K-contact Riemannian manifold with quarter -symmetric
connectionE, we have
RZV.ZU)+R(XY,ZU)=Xpg(V,Z) —Ypg(X,Z) + Xp'F(Y,Z)
-TpF(x,2) - p(FZ X)u(¥) + FZV)ulX))
~(g(Z (¥) + g(Z, Pu(x))
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