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Abstract. The present paper deals with various curvatureotensf the type (0,4) in an
almost para norden contact metric manifold. In théper, after defining almost para
norden contact metric manifold | have definﬂq[ and Mnmmanifolds and the form of

curvature tensor of the type (0,4) in this manifoBkveral useful theorems on these
manifolds have also been derived.
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1. Introduction
Consider a differentiable manifolsl,,of differentiability classC™. Let there exist in

M, a vector valuedC™ - linear functiond, a C” - vector field 7 and ac* -one formé
such that

(1.2) o2 (x)=-x+&(X)n
(1.2) 7=0
(1.3) G(X,Y)=-G(X,Y)+&(x)&(Y)

Then the set(qn,n,{,G) satisfying (1.1) to (1.3) is called an almost pasaden contact

metric structure and,, equipped with an almost para norden contact metriecture

will be called an almost para norden contact roatriucture manifold.
It is easy to calculate in

(1.4) &(n) =1

(1.5) &(x)=o0

and

(1.6) G(x,7)=¢(x)
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Definition 1.1: A C”-manifold Mp,, satisfying

(1.7) Dy/7 = (X)) def X

will be denoted bym -

In MnE, we can easily show that

(1.8) (Dy€)(Y) =@ (x.Y) =(py¢)(x)
where

(1.9) ®(X,Y)def G(X,Y) =G(X.Y)

Definition 1.2: A C* -manifold Mp,, satisfying
(1.10) D (Y,2)=G(Y,2)-£(Y)€(2)
will be called M~ -manifold. Also inM \Fwe have

(1.11) &(k(x.v.2))=-[G(Y.2)&(X)-G(x.Z) &(Y)]

From (1.11) we have

(1.12) K(x.v.z)=-[G(v.z)x -G(x,Z)Y]

(1.13) K(Y,z) =-(n-)G(Y 2)

(1.14) Ric(X,n) =-(n-2)&(x)

Also in mE the following results can be obtained

(1.15) K (X,Y,zU)=-[6(Y,z)6(xu)-6(x.z)G(Y V)]

(1.16) K(n.v.z n) [-6(v.2)+£(v)¢(2)]

(1.17) K(x.Y.z7)=-[6(Y.2) (X)) -6(x.2)&(Y)]
- é(k (xv.2))

(1.18) K (n.Y,zU)=-[c(Y.z)e(U)-G(YV)&(2)

(1.19) K(X.7.20) =-[6(xU)&(2)-6(x.2)&(U)]

(1.20) K (X,U,z.n) =-[6(z,0)&(X)-6(X.z)&(u)]

(1.21) K (X,z,U.7) =-[6(z.u)&(x)-G(x u)&(2)]

From (1.13), we have

(1.22) Ric(X,Y)+Ric(X.Y)=0

(1.23) Ric(X,Y) =[Ric(X.,Y) +(n-0 &(X) &(Y)]

We shall consider im ; tensorsV\i W, V\é wjof type(0,4) defined by [1,2,3,4,5].

(1.24) W (X,Y,z,u)defK (XY, ZU)+

W

[6(x U)Ric(Y z)

-G(Y U)Ric(x z)]
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(1.25) Wy (X,Y,Z,U)detK (X ,Y,ZU)+ [6(x .z)Ric(Y U)-G(Y Z)Ric(x V)]

(1.26) W(X,Y,Z,U)defK (XY, ZU)+ [6(Y.Z)Ric(X U)-G(Y U)Ric(x z)]

(127) W, (X,Y,Z,U)def K (XY, ZU)+ [6(X .Z)Ric(Y U)-G(X Y)Ric(z V)|

1
(n-1)
It is obvious that for an empty gravitational fiettlaracterized bigic(X,Y) =0,
the above four tensors are identical.

Since W and W, are skew-symmetric irx and Y therefore, breaking/\i and w,
into symmetric and skew-symmetric parts with respe@ anduU , we get

(1.28) ‘/i(x,v,z,u)ﬁ%[mi(x,Y,z,u)+v\i(x,Y vz

- ﬁ[G(X’U)RiC(Y,Z) -G(Y,U)Ric(X 2)

+G(X,Z) Ric(YU)-G(Y.Z)Ric(X U) ]
(1.29) ‘oi(x,Y,z,u)d:%[V\i(x,Y,z,u)—V\i(x,Y uz)]
=K (X,Y,zZU)+ (nl 1)[6 (X,U)Ric(Y z)-G(Y U)Ric(X 2)

—G(X,Z)Ric(YU)+G(Y Z)Ric(Xx.U) ]

(1.30) ‘,BZ(X,Y,Z,U)def

def [G X,Z)Ric(Y U) - G(Y,Z)Ric(X U)
+G(X,U)Ric(Y,z)- (Y,U)Ric(x z)]
(1.31) az(XYZU)def K(XYZU)+ [G X ,Z)Ric(Y V)
—G(Y,Z)Rlc(X,U)—G(X,U)Rlc(Y,Z)+G(Y U)Ric(X Z)]
Since W; and W, are skew-symmetric iZ andU | therefore, breaking); and

W, into symmetric and skew-symmetric parts with respe X andY , we get
(1.32) ‘%(X,Y,Z,U)ﬂ%[\/\é(x,Y,Z,U)+W$(Y,X zU)]
—ﬁ[e(\(,z)Ric(x,u)—G(Y,u)Ric(x,z)
+G(X,Z) Ric(YU) -G (X ,U)Ric(Y Z) ]
(1.33) ‘a3(x,Y,z,U)£%[V\é(x,Y,z,u)—\/\é(Y,x zu)]

=K (X,)Y,zU)+ [G(Y.z)Ric(x W) -G(Y U)Ric(x z)

2(n-1)

3
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-G(X,z)Ric(Y U)+G(X U)Ric(Y Z) |

(1.34) B (X.Y.Z U)def [G (X,z)Ric(Y V)
-2G6(X, )Rlc(Z,U) G(Y,Z)Rlc(x V)]

(1.35) ‘g, (X,Y,Z,U)det K (XY ZL) +ﬁ[@(x,z) Ric(Y U)-G(Y,Z)Ric(X V)]

2. V\i-Curvaturetensor
[

Theorem 2.1. In M-, we have

(2.1a) W (X.Y,z.7)=-2[G(Y.2)&(X)-G(x 2)£(Y)]
="a(X.Y,Z7)

(2.1b) W (7.Y.zU)=-2[G(Y.z)£(U)-G(YV)é(z)]
=g (n.Y,ZU)

(2.1c) W(7.Y.Z2.n)=2[-G(Y.2) +&(¥)&(z)]
-%mxzm

Proof: Replacingu by 7 in (1.24), we get
(2.2) W(X.Y.Znp)=K(X.Y,Zn)+ (nil) [6(X 21)Ric(Y 2) -G (Y ) Ric(x Z)|

Using (1.6), (1.13) and (1. 17) in the above equatice get

(2.3) W(x.Y,z.7)=-2[G(Y.2)&(X)-G(x 2)&(Y)]
Replacingu by# in (1.29), we get
(24) o (XY.zZn)=K(XYZn)+ 1)[G(X n)Ric(Y Z)-G(Y n) Ric(X Z)

-G(X,z) Ric(Y ) +G(Y,Z)Ric(x n)]
Using (1.6), (1.13), (1.14) and (1.17) in the abegeation, we get
(2.5) o (XY.Zn)=-2[G(Y.2)£(X)-G(x 2)&(Y)]
From (2.3) and (2.4), we get (2.1a).
ReplacingX byn in (1.24), we get

(2.6) W(7.Y,zU)=K(nY.Z ,u)+(nfl)[e(/7 V) Ric(Y z)-G(Y U)Ric(n z)]

Using (1.6), (1.13), (1 14) and (1.18) in the abegaation, we get
27 W(rnv.zu)=-2[6(Y.z)é(U)-G(YV)é(z)]
Replacing X byn in (1.29), we get

(28) ‘g(ny.zU)=K(pYZWV) +ﬁ[G(l] U)Ric(Y Z)-G(Y U)Ric(r 2)
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-G (n,z)Ric(Y V) +G(Y,Z) Ric(7 )]
Using (1.6), (1.13), (1.14) and (1.18) in the abegaation, we get
(2.9) ‘g(nyzu)=-2[G(Y.2)éU)-G(YU)&(Z)]

From (2.7) and (2.9), we get (2.1b).
ReplacingX bys in (2.1a) and using (1.4) and (1.6), we get (2.1c)

Theorem 2.2. In M, we have

(2.108) W (x,7,2,U) =-2[G(x V) &(2)-G(x 2)¢(U)]

(2.10b) £(2) W (7.Y.U.7) - £U)W(7.Y .2 7) = 46 (¥ 2) £(U) -G (Y )¢ (2)]
(2.10c) W (X,7,Z,U) + W (X.Z.U /1) + W (X U Z 7) = -4 G(Z U)&(X)-G(X Z)é(U)]
Proof: Replacingy by , in (1.24), we get

(2.11) w(x.7.z.U) :‘K(x,q,z,u)+(ni1)[e(x U)Ric(7.2) -G (n V) Ric(X z)]
Using (1.6), (1.13), (1.14) and (1.19) in the abegaation, we get (2.10a).
Replacingz byu in (2.1c) and multiplying b§(z), we get

(2.12) W(7.Y.U.n)&(2)=28(2)[-G(Y . U)+&(Y)E(U))]

Multiplying (2.1c) by (U), we get

(2.13) W (n.Y.Z.7) &)= 2£(U)[-G(Y.2)+&(Y)é(Z)]

Subtracting (2.13) from (2.12), we get (2.10b).

ReplacingY by U andu byrnin (1.24), we get

(2.14) W(X.U.Zn)=K(XU.Zn)+ G il)[c;(x n)Ric(U z) -G (U ) Ric(x z)]

Using (1.6), (1.13) and (1.20) in the above equatiee get

(2.15)  W(x,U.z.n)=-2[6(zU)&(x)-G(x 2)¢(U)]

Replacingy byz, zby U andU byzpin (1.24), we get

(2.16) W (X,z,U.p)=K(X,ZU p)+ & il)[G(x n)Ric(z V) -6(z g)Ric(X V)]

Using (1.6), (1.13) and (1. 21) in the above equatiee get
(2.17) W (x,z,u.n)=-2[G(zu)&(x)-G(xV)é(2)]
Adding (2.10a), (2.15) and (2.17), we get (2.10c).

Corollary 2.1. In M,”, we have

(2.18a) W(X.Y.z.n)-W(7.Y.Z0)=0
(2.18b) V\i(/],\?,Z,/]) —V\i(n,Y ,Z,f7) =0
(2.18c) W(7.Y.Z7)EU)-W(r.Y.ZU)=0
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Proof: Barring X, Y in (2.1a) andz , U in (2.1b) and using (1.5), we get (2.18a).
BarringY andz in (2.1c) separately and adding them, we get {8.t8e to (1.5) and
(19). Barringz in (2.1c) and multiplying by (U) and using (1.5), we get

(2.19) W(7.Y.Zn7) (L) =-26(Y.2) (V)

Barring z in (2.1b) and using (1.5), we get

(2.20) W(7.Y.ZU)=-£(U)G(Y.2)

Subtracting (2.20) from (2.19), we get (2.18c).

Theorem 2.3. In ME[, we have

(2.21a) B(n.Y.zn)=0

(2.21b) B(x.v.zn)=0

(2.21c) B (n.y.zu)=0

Proof: ReplacingXandu by , in (1.28), we get

(2.22) B(nY.Zn)= ﬁ[@ (n.n)Ric(Y z)-G(Y 1) Ric(n z)

+G(1,Z) Ric(¥ 7) -G (Y.Z) Ric(7.7) ]
Using (1.6), (1.13) and (1.14) in the above equatice get (2.21a).
Replacingu by in (1.28) and using (1.6), (1.13) and (1.14), we(@.21b).

Replacing X by in (1.28) and using (1.6), (1.13) and (1.14), we(@.21c).

Corollary 2.2. In MEE, we have
(2.23a) 28 (X.Y.Z7)+ W(X.Y.Z7)=-9G(Y 2)&(X)-G(X Z)&(Y)]
(2.23b) 28 (X.y.zn)+W(XY.zZn)=(X 2)E(Y)

Proof: (2.1a) and (2.1b) yield (2.23a).
Barring X in (2.23a) and using (1.5), we get (2.23b).

Conclusion: In the present paper we have investigated the rdiffe properties on
curvature tensor of the type (0,4) in the almosaperden contact metric manifold. The

main results from the analysis of the paper are Mﬁ{:, the tensoryj and W, are
identical so that all the results foy -curvature tensor will also hold fans—curvature

tensor. Similar results can be obtained by consigew, and W, .
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