Conformally and quasi-conformally conservative
curvature tensors on a trans-Sasakian manifold with
respect to semi-symmetric metric connections
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Abstract. In this paper we study the conservative conformal curvature
tensor and the conservative quasi-conformal curvature tensor on a trans-
Sasakian manifold with respect to a semi-symmetric metric connection. It
is shown that a trans-Sasakian manifold with conservative conformal cur-
vature tensor is an Einstein manifold, and with quasi-conformal curvature
tensor is an 7-Einstein manifold.
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1 Introduction

In 1924, Friedman and Schouten [10] introduced the notion of semi-symmetric linear
connection on a differentiable manifold. Then in 1932, Hayden [13] introduced the
idea of metric connection with torsion on Riemannian manifold. A systematic study
of semi-symmetric metric connections on a Riemannian manifold has been given by
K. Yano [17] in 1970 and later studied by K.S.Amur and S.S. Pujar [2], C.S. Bagewadi
[3], U.C. De et al [9], Sharafuddin and Hussain [15] and others.

In the papers ([9], [11] and [16]), the authors have obtained results on the conserva-
tiveness of projective, pseudo projective, conformal, concircular, quasi-conformal cur-
vature tensors on K-contact, Kenmotsu and trans-Sasakian manifolds. C.S. Bagewadi
et al [6] have studied conservative projective curvature tensors on a trans-Sasakian
manifold with respect to a semi-symmetric metric connection.

In this paper we study the conservativeness of conformal and quasi-conformal
curvature tensors on a trans-Sasakian manifold under the condition ¢(grada) = (n —
2)gradf, admitting a semi-symmetric metric connection. The paper is organized as
follows: after preliminaries in section 2, we study in section 3 basic results on a trans-
Sasakian manifold under the above condition with respect to a semi-symmetric metric
connection. The sections 4 and 5 consider the study of conformal and quasi-conformal
curvature tensors with respect to semi-symmetric metric connection on trans-Sasakian
manifolds.
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2 Preliminaries

Let M be an almost contact metric manifold with an almost contact metric structure
(¢,€,7m,9), that is, a (1, 1) tensor field ¢, a vector field &, a 1-form 7 and a compatible
Riemannian metric g such that ([4], [5], [7])

(2.2) 9(6X, 9Y) = g(X,Y) = n(X)n(Y),
(2'3) g(Xa (/!)Y) = _g<¢X7 Y)’ g(ng) = U(X)7

forall X, Y € TM.

An almost contact metric structure (¢,&,m,9) in M is called a trans-Sasakian
structure [14] if (M x R, J,G) belongs to the class wy [12], where J is the almost
complex structure on M x R defined by J(X, \d/dt) = (¢X — A, n(X)d/dt) for all
vector fields X on M and smooth functions A on M x R and G is the product metric
on M x R. This may be expressed by the condition [§]

(2.4) (Vx9)Y = a(g(X,Y)§ = n(Y)X) + B(g(6X, Y)E = n(Y)¢X),

for some smooth functions o and 5 on M, and we say that the trans-Sasakian structure

is of type (a, B).
From (2.4) we see that

(2.5) Vx§ = —adpX + (X —n(X)E),
(2.6) (Vxn)Y —ag(6X,Y) + Bg(oX, ¢Y).

In an n-dimensional trans-Sasakian manifold, we obtain

(2.7) R(EX)E = (o =B = £B)(n(X)E — X),
(2.8) 200+ &a = 0,

S(X,6) = ((n—1)(a® - %) — &Pm(X)
(2.9) —(n—2)XB — (¢X)a.

In an n-dimensional trans-Sasakian manifold of type («, 8), we have
(2.10) od(grada) = (n — 2)gradp.

Under the condition (2.10), the equations (2.7) and (2.9) reduce to
(2.11) R(§, X)E = (a® = 1) (n(X)¢ — X),
(2.12) S(X,8) = (n—1)(a® = f)n(X).

In this paper we study trans-Sasakian manifolds under the condition (2.10).

Let (M,g) be an n-dimensional Riemannian manifold of class C*° with metric
tensor g and let V be the Levi-Civita connection on M. A linear connection v on
(M, g) is said to be semi-symmetric [17] if the torsion tensor T of the connection V
satisfies

(2.13) T(X,Y) = n(Y)X — n(X)Y,
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where 7 is a 1-form on M with p as associated vector field, i.e., 7(X) = g(X, p) for
any differentiable vector field X on M.

A semi-symmetric connection V is called semi-symmetric metric connection [13]
if it further satisfies eg =0.

In an almost contact manifold semi-symmetric metric connection is defined by
identifying a 1-form 7 of (2.13) with a contact-form 7, i.e., by setting [15]

(2.14) T(X,Y) = n(Y)X - n(X)Y

with £ is the associated vector field. i.e., g(X, &) = n(X).
The relation between the semi-symmetric metric connection V and the Levi-Civita
connection V of (M, g) has been obtained by K. Yano [17], which is given by

(2.15) VxY = VxY +n(Y)X — g(X,Y)E,

where n(Y) = g(Y, ).
Further, a relation between the curvature tensor R and R of type (1, 3) of connec-
tions V and V respectively is given by [17]:

(2.16) R(X,Y)Z = R(X,Y)Z—K(Y,Z2)X + K(X,Z)Y — g(Y, Z)FX + g(X, Z)FY.
where K is a tensor field of type (0,2) defined by

1

K(Y,2)=g(FY,Z) = (Vyn)(Z) —n(Y)n(Z)+ 5n(€)g(Y, Z)
(2.17) = (Tvn)(2) - 39(v.2)
for any vector fields X and Y.
From (2.16), it follows that
(2.18) S(Y,Z)=8(Y,Z)— (n—2)K(Y,Z) — Ag(Y, Z)

where S denotes the Ricci tensor with respect to V,A=Tr-K. Differentiating (2.18)
covariantly with respect to X, we obtain

(2.19) (VxS)(V,2) = (VxS)(Y,Z)— (n—2)(VxK)(Y,Z)
-n(Y)S(X,Z) —n(Z)S(X,Y)
+(n-2)n(Y)K(X,Z)+ (n—-2n(2)K(Y, X)
+9(X,Y)S(E, Z) + g(X, 2)S(Y,)
—(n—2)g(X, 2)K(Y,€) — (n — 2)g(X,Y)K(Z,).

Now let {e;} be an orthonormal basis of the tangent space at each point of the
manifold for i = 1,2, ....,n. Putting Y = Z = ¢; in (2.19 ) and then taking summation
over the index i, we get

(2.20) Vx7=Vxr—(n—2)(VxA)
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3 Basic results

Theorem 3.1. For a trans-Sasakian manifold M under the condition (2.10), we have
(3.1) [(VeS) (Y, 2) = (Vv 5)(€, 2)]
= BS(Y,2) - (n—1)(a” - B*)Bg(Y, Z)
+aS(Y,¢Z) — (n—1)(a” - f%)ag(Y, ¢ 2).

Proof. For a symmetric endomorphism @ of the tangent space at a point of M,
we express the Ricci tensor S as

(3.2) S(X,Y)=g(QX,Y).
Further, it is known that|[8]
(3:3) (Leg)(X,Y) = 2(g —n©mn),

where L is the Lie derivation.
Using (3.2) and (3.3), for a trans-Sasakian manifold we have

(3.4) (LeS)(X,Y) = 288(X,Y) — 28(n — 1)(a® = B*)n(X)n(Y).
But
(VeS)(Y, Z)
= &S(Y,2)-S(VeY,Z) - S(Y,VeZ)
ES(Y,Z) = S([& Y]+ Vv, 2) = SV, [€, Z] + Vz8)
§5(Y,2) = S(&, Y], Z2) = S(Vy¢€, Z2) = S(Y, [€, Z]) = S(Y, VzE)
= (LeS)(Y, 2) = S(Vy¢, Z) = S(Y, VzE).

Using (2.5), (2.12) and (3.4) in the above equation, we obtain

(3.5) (VeS)(Y, Z) = 0.
Which implies

(3.6) Ver =0.
Again

(VyS)(§,2) =YS5(&,2) = S(Vy&, Z2) = S(&, Vy ).
Using (2.5) and (2.12) in the above equation, we get
(Vy8)(&2) = (n—1)(0® = B*)Vyn(Z) = S(—a¢Y +B(Y —n(Y)E, Z))
—(n—=1)(a® = B)n(VyZ).
Further simplification gives
(VyS)(€ 2) = (n—1)(a® - B*)Bg(Y,Z) - BS(Y, Z)
(3.7) +(n —1)(a® = f)ag(Y, ¢Z) — aS(Y, ¢Z).

Putting (3.5) and (3.7) in left hand side of (3.1), result follows. ]
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Theorem 3.2. For a trans-Sasakian manifold M under the condition (2.10), the
following results are true:

) K2 =agv62)+ (54 3) a0 2) = (34 Y )0(2)

i) K(Y.6 = K(EY)=—gn(Y)
i) K(Vy&,7) = ~a?lg(Y, 2) ~ n(¥ )n(2)] - 2069(6Y 2)

i) K(Y.Vz€) = a’[g(Y. 2) = n(Yn(Z)] + 59(6Y, 2)
45 (84 5 ) or.2) - w2
Proof. From (2.17), we have
B9 K(Y,2)=g(FY,2) = (Vyn)(Z) - oV )n(2) + 39(%,2).

Using (2.6) in (3.9), we get (3.8 (i)).

Taking Z = ¢ in (3.8 (i)) and then using (2.1) and (2.3), we get (3.8 (ii)).

Next, by considering Y = Vy-¢ in (3.8 (i)) and then using (2.1) and (2.5), (3.8(iii))
follows.
From the result (3.8(iii)), proof of (3.8 (iv)) is obvious. O

Theorem 3.3. For a trans-Sasakian manifold M under the condition (2.10), we have
[(VeK)(Y, Z) = (Vy K)(§, Z)]
(3.10) = —ag(¢Y. Z) - 2a8g(dY, Z)
—[o® = BB+ D)(9(Y, Z) = n(Y)n(Z)).
Proof. From (3.3) and K(X,Y) = g(FX,Y), we have
(3.11) (LeK)(Y, Z) = 2BK(Y, Z) + Bn(Y)n(Z).
Also
(VeE)(Y, 2)
= ¢EKY,Z)-K(VeY,Z) - K(Y,VeZ)
= SK(Y,2) - K([§,Y] + Vv, Z) — K(Y, [§, Z] + V 28)

EK(Y,Z) - K(§,Y],2) - K(Vy§,Z2) - K(Y,[§, Z]) = K(Y,V £¢)
= (LeK)(Y, Z2) = K(Vy¢, Z) — K(Y,Vz£).

Using (2.5), (3.8(ii),(iii)& (iv)) and (3.11) in the above equation, we obtain

(3.12) (VeK)(Y, Z) = 0.
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Which implies

(3.13) VeA = 0.
And
(3.14) (VyK)(§,2) =YK(¢ Z) = K(Vy§, Z) = K(§, Vy§).
Using (2.5), (3.8(ii),(iii)& (iv)) in (3.14), we get
(VyEK)(&2) = [o® = B(B+1)](g(Y,Z) —n(Y)n(Z))
(3.15) +ag(dY, Z) + 208g(eY, Z).
By putting (3.12) and (3.15) in left hand side of (3.10), the result follows. O

4 Trans-Sasakian manifolds admitting semi-symmetric
metric connection with Div C =0

In this section we prove the following theorem.

Theorem 4.1. If in a trans-Sasakian manifold M (n > 3) under the condition (2.10)
admitting a semi-symmetric metric connection whose conformal curvature tensor with
respect to this connection is conservative, then the manifold M is an Einstein mani-

fold with respect to Levi-Civita connection and the scalar curvature tensor of such a
manifold is n(n — 1)(a? — 32).

Proof. A conformal curvature tensor on trans-Sasakian manifold with respect to
semi-symmetric metric connection is given by [4]

GX.Y)Z = ROXY)Z - —5[gY, 2)QX

—9(X, 2)QY +_S%Y, 2)X - S(X, Z)Y]
(4.1) T 9 DX — (X, 2)Y)
Differentiating (4.1) covariantly and contracting we obtain
(4.2) DivC = DivR— ﬁ[(%xsxx Z) — (VyS)(X, 2)]
+——1[9(Y, 2)(Vxr) = 9(X, Z)(Vyr)].

n—1
Let us suppose that in a trans-Sasakian manifold
(4.3) Div-C = 0.

where Div denotes the divergence.
From (4.2) and (4.3) it follows that

) DivR — 5 [(VxS)(Y. 2) — (Vy S)(X, 2)
= — L [g(Y, 2)(Vxr) — 9(X, Z)(Vy1)).
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From (2.19) and (2.20) in (4.4), we get
n—3

(4.5) —(Vx)(Y,2) = (Vy 9)(X. 2)]
= TS 2n(X) — S(X, Zn(Y)] — (0~ Dn(R(X.Y)2)
n—3

S (X, 2)n(Y) + (n — A= D[g(Y, Z)n(X) - 9(X, Z)n(Y)]
1

n —

+S(X,Y)n(Z) -

1
n—1

S19(Y, 2)S(X,€) — g(X, 2)S(¥:€)
gV 2){(Txm) + (Vi A)} = 9(X, 2){(Vyr) - (Ty ).

By taking account of (3.8(i)) and (3.8(ii)) in (4.5), we have

(16) “Z2(Vx8) (Y, 2) ~ (Vy8)(X, 2)] - S(X, ¥ )n(2)
= ISV 2n(X) — S(X, Z)n(¥)] + (n ~ Dn(R(X,Y)Z)
I DS — g(X. Z)SW ) - |5~ (0= A= )] ov. 2)a(x)
X 02n(Y) - | 5= 0= A= 1)+ ] aCx 2ty
X m(Z) + oY, 2)AAK) ~ g(X, Z)dA(Y )

(n—2) n—1
(oY, 2)dr(X) - g(X, Z)dr(Y)].

Now putting X = ¢ in (4.6) and using (2.1), (2.3), (2.11) and (2.12), we get

(17 EI((VeS)(Y,2) ~ (Vv 8)(6 2)
_ (n-1) (n-1) 1 2 2
- (ni2)S<Y7Z)_ |:(n2) +§ _(n_l)(a _6 )_<n_A_1) g(KZ)
[0 - a- ) - @A) +anw)

Using (3.5), (3.6), (3.12) and (3.13) in (4.7), we obtain
(n—3)

(-3, (-1 -3

ay |- P52 - o asr.2)
_ (”_3)n_ o — 52 _(n—l)_l n—1)(a? — 2
— (BB e - - P - L - 1)t - )
= A= D] o¥.2) = (g (n = 1)(0 = Bag(6. 2)

%l)nm [dA(Y) + dr(Y)].
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Next, by replacing Z by ¢Z in (4.8) and then using (2.1), we obtain

(n-3), (-1 _(n—S)a
49 |- mg| s0en) - = asievez)
_ (n_3)n_ o — B2 _(”_1)_1 n—1)(a? — 32
— (PR (g - - (e -
= A= D] ov.02) — =T - e - Paglov, 62).

Interchanging Y and Z in the above equation, we have

@) B Ss- B swr.2) - = Has(ev02)
_ (”_3)n7 o — 52 7(”_1)7} n—1)(a? — 52
= (2P0 -n@ - - B2 0 - L - e - o
(n 3

(n—1)(® — B%)ag(¢Y, ¢2).

H= A=) glov,2) - T

Adding (4.9) with (4.10), and using the skew-symmetric property of ¢, one can get
(4.11) S(Y.Z) = (n—1)(e” = B)g(Y, 2).
Thus the manifold is an Einstein manifold. From (4.11), it follows that

r=n(n—1)(a® - ).

5 Trans-Sasakian manifolds admitting a
semi-symmetric metric connection

with Div W =0
In this section we prove the following theorem.

Theorem 5.1. If in a trans-Sasakian manifold M (n > 2) under the condition (2.10)
admitting a semi-symmetric metric connection whose quasi-conformal curvature ten-
sor with respect to this connection is conservative, then the manifold M is an n-
FEinstein manifold with respect to Levi-Civita connection; moreover the scalar curva-
ture of the manifold is constant if and only if B = —1.

Proof. A quasi-conformal curvature tensor on trans-Sasakian manifold with re-
spect to semi-symmetric metric connection is given by [1]

(5.1) W(X,Y)Z =aR(X,Y)Z
+b[g(Y, Z2)QX — g(X, Z)QY + S(Y,Z)X — S(X, Z)Y]

m[a + (n = 2)b][g(Y, 2)X — g9(X, Z)Y].
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Differentiating (5.1) covariantly and contracting we obtain

Div-W(X,Y)Z = aDiwR+b[(VxS)(Y,Z)— (VyS)(X, Z)]

ezt = D0 =21y 2y @ x) - g(X, 2) (T,

(5.2) 1)

Let us suppose that in a trans-Sasakian manifold
(5.3) Div-W = 0.

where Div denotes the divergence.
From (5.2) and (5.3) it follows that

aDivR + b[(VxS)(Y,Z) — (VyS)(X, Z)]

Gy = DOy 2 @) - ox. 2)(Fv)

From (2.19) and (2.20) in (5.4), we have

(5-5) (@+)[(VxS)(Y, Z) = (VyS)(X, Z)] + ala + b(n — 2))g(6Y, Z)
—(a+b(n—=2))(VxEK)(Y,Z) = (Vy K)(X, Z)]
= (a=)[S(X, 2)n(Y) = SV, Z)n(X)] + aS(X,Y)n(Z)
—(a+b(n = 2))[K(X, Z)n(Y) - K(Y, Z)n(X)

+K(Y, X)n(Z) - K(X,Y)n(Z)] — g(X, Z)(n - 2)(Vy A)

—aA[g(Y, Z)n(X) — g(X, Z2)n(Y)] + alg(Y, 2)(Vx A)

—9(X, 2)(Vy A)] = blg(X, 2)S(Y, ) — g(Y, Z)S(X, )]

+b(n = 2)[g(X, Z)K(Y,€) — g(Y, 2)K (X, )] — g(X, Z)(Vyr)

n(naf 1) b(nn_ D] [g(¥, 2)(Vxr) - g, Z)(n — 2)(Vx A)].

By taking account of (3.8(i)) and (3.8(ii)) in (5.5), we get

(5.6) (a+b)[(VxS)(Y,2) - (VyS)(X, Z)] —aS(X,Y)n(Z)
—la+b(n =2)|[(VxK)(Y, Z) = (Vy K)(X, Z)] — a(n — )n(R(X,Y)Z)
= (a=0)[S(X, 2)n(Y) =S¥, Z)n(X)] + blg(Y, Z2)S(X, €) — 9(X, 2)S(Y,€)]
—la+b(n = 2)]2ag(X,Y)n(Z) + ag(X,¢Z)n(Y) — ag(Y, $Z)n(X)]

+{ < ;)M( —2)(B+1) +aln—A—1)| [g(Y, Z)n(X) — g(X, Z)n(Y)]

n { a 3 b(n
n(n—1)
+alg(Y, Z)dA(X) — g(X, Z)dA(Y)).

2o 21ar0) - g5, 2)ar()
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Now taking X = ¢ in (5.6), and using (2.1),(2.3), (2.11) and (2.12) we get
(5.7) (a+b)[(VeS) (Y, Z2) = (VyS)(§, 2)] + (a = b)S(Y, Z)

—la+b(n = 2)|[(VeK)(Y, Z) — (Vy K)(&, Z)] — [a + b(n — 2)]ag(Y, $2)
[a <5+;> +bn—2)B+1)+aln—A-1)

~ (a0 (e = )] a0, 2) + 2o - )0~ (0 = )+ a (54 5 )

+b(n—2)(8+1) +a(n— A= 1)|n(¥)n(2)

+ [n(na_ ; _ b(nn— 2)} [9(Y, Z)dr(€) — (n — 2)g(Y, Z)dA(€) — n(Z)dr(Y)

+(n = 2)n(2)dAY)] + alg(Y, Z2)dA(E) — n(Y)dA(Y)].

Putting (3.5), (3.6), (3.12) and (3.13)) in (5.7), we get

(5.8)  [(@+b)B+ (a—DbIS(Y,Z) - (a+b)aS(4Y,Z)
= [a(n—1)(0® = B*)(a+b) +2a(1 + B){a+ b(n — 2)}] g(Y, 9Z)

+ [a (ﬂ + ;) +b(n—2)(B+1)—{a+bn—2)Ha> - BB+1)}
+a(n—A-1)—(n—-1)(a® - *){(a —b) — fla+ b)}} 9(Y. Z)
+[{a+b(n = 2)}Ha? = B(8 + 1)} +2(a - b)(n - 1(a® - 5
+a (6 - ;) —bn—2)(B+1)+an—A— 1)] n(Y)n(Z)

N [n( o _bn- ﬂ (Z){(n — 2)dAY) — dr(Y)}] — an(Z)dA(Y).

n—1) n

Next, by replacing Z by ¢Z in (5.8) and then using (2.1), we obtain

(5.9) [(a+b)8+ (a—b)]S(Y,0Z) - (a+b)aS(¢Y,¢Z)
= [a(l=n)(0® = B*)(a+b) = 2a(1+ B){a+b(n - 2)}] g(¢Y, 6Z)

+ [a (5 + ;) +b(n—2)(B+1)—{a+bn—2)Ha*> - BB+ 1)}
+a(n— A1) = (n-1)(0® = F){(a—b) - Bla+b)}] g(Y,62).
Interchanging Y and Z in above equation, we have

(5.10) [(@+b)3+ (a—0)]S(¢Y,Z) — (a+b)aS(sY,¢Z)
= [a(l —n)(a® = B*)(a+b) —2a(1+ B){a+b(n —2)}] g(¢Y, ¢Z)
+ {a (5 + ;) +bn—-2)(B+1)—{a+bn—-2)}Ha? - BB+1)}

+a(n—A—1)= (n—1)(0® = F){(a—b) - Bla+b)}] g6V, 2).
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Adding (5.9) with (5.10), and using (2.1) and skew-symmetric property of ¢, one can
get

(5.11) S, 2) = {(n—l)(a2—62)+((ii;))Q{a—i—b(n—Q)} g(Y,2)
- [ D2t o - 20 v nc.

Thus the manifold is an n-Einstein manifold.
Differentiating (5.11) covariantly with respect to X, and then using (2.6), we have

(VxS)(V.2) = s+ bn = Dala(é, X)n(2) + (62, X)n(Y)
(5.12) +B(9(X,Y)n(Z)g(X, Z)n(Y)) — 280(X)n(Y)n(Z)].
Taking an orthonormal frame field and contracting (5.12) over X and Z, we obtain
208 b — Ve 4 (n —
(5.13) ar(y) = T Ha b = 2Haw + (0= DAIn(Y)

where ¢ = Tr.¢. From (5.13), it follows that
dr(Y)=0 if and only if p=-1

a

Acknowledgement: The authors are grateful to referee and to Prof. V.Balan
for their valuable suggestions in improving the paper.

References

[1] K. Amur and Y.B. Maralabhavi, On quasi-conformally flat spaces, Tensor, N.S
31 (1977), 194.

[2] K. Amur and S.S. Pujar, On Submanifolds of a Riemannian manifold admitting
a metric semi-symmetric connection, Tensor, N.S 32 (1978), 35-38.

[3] C.S. Bagewadi, On totally real submanifolds of a Kahlerian manifold admitting
Semi symmetric metric F-connection, Indian. J. Pure. Appl. Math. 13(5)(1982),
528-536.

[4] C.S. Bagewadi and Venkatesha, Some curvature tensors on Trans-Sasakian man-
ifolds, Turk. J. Math. 30 (2007), 1-11.

[5] C.S. Bagewadi and Venkatesha, Torseforming vector field in a 3-dimensional
trans-Sasakian manifold, Differential Geometry - Dynamical Systems. 8 (2006),
23-28.

[6] C.S. Bagewadi, D.G. Prakasha and Venkatesha, Conservative projective curva-
ture tensor on Trans-Sasakian manifold with respect to semi-symmetric metric
connection, An. St. Univ. Ovidius Constanta. 15(2) (2007), 5-18.

[7] D.E. Blair and J.A. Oubina, Conformal and related changes of metric on the prod-
uct of two almost contact metric manifolds, Publ. Mat. Debrecen. 34(1) (1990),
199-207.



274 D.G. Prakasha, C.S. Bagewadi and Venkatesha

[8] D.E. Blair, Contact manifolds in Riemannian Geometry, Lecture Notes in Math-
ematics, 509, Springer-Verlag, Berlin, 1976.
[9] U.C. De and Absos Ali Shaikh, K -contact and Sasakian manifolds with conserva-

tive quasi-conformal curvature tensor, Bull. Cal. Math. Soc. 89 (1997), 349-354.

[10] A. Friedmann and J.A. Schouten, Uber die geometric der holbsymmetrischen
Ubertragurgen, Math. Zeitschr. 21 (1924), 211-233.

[11] N.B. Gatti, A study on Conservtive and Irrotational curvature tensors of contact
manifolds, Ph.D. Thesis, Kuvempu University, (2003).

[12] A. Gray and L.M. Harvella, The sizteen clases of almost Hermitian manifolds
and their linear invariants, Ann. Mat. Pure & Appl. 123(4) (1980), 35-58.

[13] H.A. Hayden, Subspaces of space with torsion, Proc. Lon. Math. Soc. 34 (1932),
27-50.

[14] J.A. Oubina, New classes of almost contact metric structures, Publ. Math. De-
brecen. 32(3-4) (1985), 187-193.

[15] A. Sharafuddin and S.I. Hussain, Semi-symmetric metric connections in almost
contact manifolds, Tensor N.S. 30 (1976), 133-139.

[16] Venkatesha, A study on Contact Manifolds, Ph.D. Thesis, Kuvempu University,
2006.

[17] K. Yano, On semi-symmetric metric connections, Revue Roumaine de Math.
Pures et Appliques. 15 (1970), 1579-1586.

Authors’ address:

D.G. Prakasha, C.S. Bagewadi and Venkatesha

Department of Mathematics, Kuvempu University,

Jnana Sahyadri-577 451, Shimoga, Karnataka, India.

E-mail: prakashadg@gmail.com, prof_bagewadi@yahoo.co.in, vens_2003@rediffmail.com



