Acta Mathematica Academiae Paedagogicae Nyíregyháziensis 32 (2016), 149–159

www.emis.de/journals
ISSN 1786-0091

ON ALMOST PSEUDO BOCHNER SYMMETRIC GENERALIZED COMPLEX SPACE FORMS

M. M. PRAVEENA AND C. S. BAGEWADI

Abstract. In the present paper, we study when the Bochner curvature tensor is almost pseudo symmetric, almost pseudo Ricci symmetric and flat almost pseudo Ricci symmetric in generalized complex space forms.

1. Introduction

A Kaehler manifold with constant holomorphic sectional curvature is a complex space form and it has a specific form of its curvature tensor. More generally an almost Hermitian manifold M is called a generalized complex space form M(f_1, f_2) if its Riemannian curvature tensor R satisfies,

(1.1) R(X, Y )Z = f_1{g(Y, Z)X − g(X, Z)Y } + f_2{g(X, JZ)JY − g(Y, JZ)JX + 2g(X, JY )JZ}

for all X, Y, Z ∈ T M where f_1 and f_2 are smooth functions on M [18, 19]. In [18], an important obstruction for such a space was presented by F. Tricerri and L. Vanhecke: If M is connected, dim≥ 6, and f_2 is not identically zero, then M is a complex-space-form(in particular, f_1 and f_2 must be constant). In 1989 the author Z. Olszak [10] has worked on existence of generalized complex space form.

A non flat Riemannian manifold (M, g) is said to be almost pseudo symmetric manifold [6] if its curvature tensor satisfies the condition

(1.2) (∇_X R)(Y, Z, U, V ) = [A(X) + B(X)]R(Y, Z, U, V ) + A(Y )R(X, Z, U, V ) + A(Z)R(Y, X, U, V ) + A(U)R(Y, Z, X, V ) + A(V )R(Y, Z, U, X),

2010 Mathematics Subject Classification. 53C15, 53C21, 53C35, 53C55, 53C56. Key words and phrases. Generalized complex space forms, almost pseudo Bochner symmetric, almost pseudo Bochner Ricci symmetric, Bochner flat almost pseudo Ricci symmetric, Ricci soliton. 149

where A and B are two non zero 1-forms defined by

(1.3) g(X, α) = A(X), g(X, β) = B(X),

for all vector fields X, ∇ denotes the operator of covariant differentiation with respect to the metric g. The 1-forms A and B are called the associated 1- forms. The name almost pseudo symmetric was chosen because if A = B in (1.2) then the manifold reduces to a pseudo symmetric manifold, introduced by M. C. Chaki [2]. If A = B = 0 in (1.2) then the manifold reduces to a symmetric manifold in the sense of E. Cartan. It is to be noted that the notion of pseudo symmetry in the sense of Chaki [2] is different from that of R. Deszcz [7]. It may be mentioned that the almost pseudo symmetric manifold is not a particular case of a weakly symmetric manifold introduced by L. Tamássy and T. Q. Binh [16]. pseudo symmetric manifolds [2, 12], weakly symmetric manifolds [16], almost pseudo concircularly symmetric manifolds [6], etc.

In a paper [4], Chaki and T. Kawaguchi introduced a type of non-flat Riemannian manifold (M, g), whose Ricci tensor S of type (0, 2) satisfies the condition

(1.4) (∇_X S)(Y, Z) = [A(X) + B(X)]S(Y, Z) + A(Y )S(X, Z) + A(Z)S(Y, X),

where A, B and ∇ have the meaning already stated. Such a manifold was called an almost pseudo Ricci symmetric manifold.

A Ricci soliton is a natural generalization of an Einstein metric and is defined on a Riemannian manifold (M, g). A Ricci soliton is a triple (g, V, λ) with g a Riemannian metric, V a vector field, and λ a real scalar such that

(1.5) L_V g + 2S + 2λg = 0,

where S is Ricci tensor of M and L_V denotes the Lie derivative operator along the vector field V . The Ricci soliton is said to be shrinking, steady, and expanding accordingly as λ is negative, zero, and positive respectively [9].

Motivated by these ideas, in the present paper we have made an attempt to study almost pseudo Bochner symmetric, almost pseudo Bochner Ricci symmetric and Bochner flat almost pseudo Ricci symmetric of generalized complex space forms.

2. Preliminaries

A Kaehler manifold is a complex n-dimensional manifold M, with a complex structure J and a positive-definite metric g which satisfies the following conditions [17]

J^2 = −I, g(JX, JY ) = g(X, Y ) and ∇J = 0,

where ∇ means covariant derivation according to the Levi-Civita connection.

Using the second Bianchi identity, we infer

(2.1) (div R)(Y, Z)U = (∇_Y S)(Z, U) − (∇_Z S)(Y, U), and the scalar curvature r = ΣS(e_i, e_i) and (2.2) (∇_X S)(e_i, e_i) = ∇_X r = dr(X). Let Q be the Ricci operator defined by g(QX, Y ) = S(X, Y ), (∇_Z S)(X, Y ) = g((∇_Z Q)(X), Y ).

Taking Y = Z = e_i and taking summation over i in the above equation, we get (∇_{ei} S)(X, e_i) = g((∇_{ei} Q)(X), e_i).

⇒ (div Q)(X) = trace(Z → (∇_Z Q)(X)) = ∑ g((∇_{ei} Q)(X), e_i).

(div Q)(X) = 1 2 dr(X).

(∇_{ei} S)(X, e_i) = 1 2 dr(X).

For generalized complex space form M(f_1, f_2) we have S(X, Y ) = {(n − 1)f_1 + 3f_2}g(X, Y ).

(2.3) QX = [(n − 1)f_1 + 3f_2]X.

(2.4) r = n[(n − 1)f_1 + 3f_2],

(2.5) where S is the Ricci tensor, Q is the Ricci operator and r is scalar curvature of the space form M(f_1, f_2). Putting Y = α in (2.3) we get, (2.6) S(X, α) = {(n − 1)f_1 + 3f_2}A(X).

Definition 1. A Kaehler manifold is called an almost pseudo Bochner symmetric manifold if its Bochner curvature tensor D of type (0,4) is not zero and satisfies the condition (2.7) (∇_X D)(Y, Z, U, V ) = [A(X) + B(X)]D(Y, Z, U, V ) + A(Y )D(X, Z, U, V ) + A(Z)D(Y, X, U, V ) + A(U)D(Y, Z, X, V ) + A(V )D(Y, Z, U, X), where A, B are 1-forms(not simultaneously zero) and D is given by [20], D(X, Y, Z, U) = R(X, Y, Z, U)

(2.8) − 1 2n + 4

[g(Y, Z)S(X, U) − S(X, Z)g(Y, U) + g(JY, Z)S(JX, U) −S(JX, Z)g(JY, U) + S(Y, Z)g(X, U) −g(X, Z)S(Y, U) + S(JY, Z)g(JX, U) −g(JX, Z)S(JY, U) − 2S(Y, JX)g(JZ, U) −2S(JZ, U)g(JX, Y )] + r (2n + 2)(2n + 4)

[g(Y, Z)g(X, U) − g(X, Z)g(Y, U)

+g(JY, Z)g(JX, U) − g(JX, Z)g(JY, U) − 2g(JX, Y )g(JZ, U)]. Definition 2. A Kaehler manifold is called an almost pseudo Bochner Ricci symmetric manifold if its Bochner Ricci tensor K of type (0,2) is not identically zero and satisfies the condition (2.9) (∇_X K)(Y, Z) = [A(X)+B(X)]K(Y, Z)+A(Y )K(X, Z)+A(Z)K(Y, X) where A, B are nowhere vanishing 1-forms and K is given by, (2.10) K(Y, Z) = n 2n + 4

[S(Y, Z) − r 2(n + 1) g(Y, Z)].

Suppose (M, g) is an generalized complex space form and (g, V, λ) is a Ricci Soliton in (M, g). If V is Killing vector field, then (2.11) (L_V g) = 0 and if V is conformal Killing vector field, then (2.12) (L_V g) = ρg.

3. Almost pseudo Bochner symmetric generalized complex space form If the manifold M is an almost pseudo Bochner symmetric Generalized Complex Space Forms, then we can readily write it as (3.1) D(JY, JZ, U, V ) = D(Y, Z, U, V ). Taking the covariant derivative of (3.1), we get (3.2) (∇_X D)(JY, JZ, U, V ) = (∇_X D)(Y, Z, U, V ). Using (2.7) in (3.2), we get (3.3) A(Y )D(X, Z, U, V ) + D(Z)R(Y, X, U, V ) = A(JY )D(X, JZ, U, V ) + A(JZ)D(JY, X, U, V ).

Putting Z = U = e_i in (3.3) where {e_i} is an orthonormal basis of the tangent space at each point of the manifold and taking summation over i (1 ≤ i ≤ n) we get (3.4) A(Y )K(X, V )−A(D(Y, X)V ) = −A(JY )K(JX, V )−A(D(JY, X)JV ). Simplify using equations (2.8) and (2.10) in (3.4). Again simplify by putting X = V = e_i, 1 ≤ i ≤ n. Further using equations (2.6) and (2.5) we get, (3.5) A(Y )r = 0.

Thus if r ≠ 0, then from (3.5) we get A(Y ) = 0. Using A(Y ) = 0 in (2.7) we have (∇_X D)(Y, Z, U, V ) = [B(X)]D(Y, Z, U, V ).

That is, an almost pseudo Bochner symmetric generalized complex space forms reduces to recurrent one. Therefore we can state the following:

Theorem 3.1. An almost pseudo Bochner symmetric generalized complex space form with non zero scalar curvature is recurrent.

Suppose r = 0. Putting Z = U = e_i (1 ≤ i ≤ n) in (2.7) and on simplification, we get (3.6) (∇_X K)(Y, V ) = [A(X) + B(X)]K(Y, V ) + A(Y )K(X, V ) − A(D(Y, X)V ) + A(D(X, V )Y ) + A(V )K(Y, X).

Using equations (2.8) and (2.10) in (3.6) after simplification, again putting Y = V = e_i and taking sum over i, 1 ≤ i ≤ n we get (3.7) [n(n + 2)]drX = r[(n^2 − 2n)A(X) + n(n + 2)B(X)] + 8(n + 4)(n + 1)S(X, α).

Hence drX = 0 as r = 0, we get S(X, α) = 0. It can also be written as (3.8) S(Z, α) = 0.g(Z, α), which, by replacing α by ω, leads to (3.9) S(Z, ω) = 0.g(Z, ω). Hence, from equations (3.8) and (3.9), we conclude;

Theorem 3.2. If M is an almost pseudo Bochner symmetric generalized complex space form then it is Ricci flat and hence α and ω are eigenvector of the Ricci tensor S with respect to the zero eigenvalue.

Using equation (3.8) in (1.5), we get (3.10) (L_V g)(Z, α) + 2λg(Z, α) = 0. Equation (2.11) in (3.10), we get 2λg(Z, α) = 0 and λ = 0.

Then we can state the following Lemma 1. Let (g, V, λ) be a Ricci soliton in an almost pseudo Bochner symmetric generalized complex space form. If V is Killing vector field then it is steady.

Take V as conformal Killing vector field then using equation (2.12) in (3.10), we get (ρ + 2λ)g(Z, α) = 0, λ = − ρ 2 . Then we can write the following Lemma 2. Let (g, V, λ) be a Ricci soliton in an almost pseudo Bochner symmetric generalized complex space form. If V is conformal Killing vector field then it is shrinking.

Contracting (2.7) with respect to the pair of arguments Y, V (i.e, taking Y = V = e_i into (2.7) and summing up over i), we have

(3.11) (∇_X K)(Z, U) = [A(X) + B(X)]K(Z, U) + A(Z)K(X, U) + A(U)K(Z, X) + A(D(X, Z)Y )) − A(D(U, X)Z).

Using equations (2.8) and (2.10) in (3.11) and after simplification. Putting X = U = e_i and taking sum over i, 1 ≤ i ≤ n, and further on simplification using equations (2.6) and (2.5), we get

drZ =

(n + 1)

n^2

[(n + 2)rA(Z) + 2nS(Z, β) − nr (n + 1)

B(Z)].

(3.12)

Let us suppose that the manifold under consideration of non zero constant scalar curvature. Then from (3.12) we get,

S(Z, β) = r 2(n + 1)

B(Z) −

(n + 2)r 2n A(Z).

(3.13)

This shows that S(Z, β) cannot be of the form κB(Z), where κ is a scalar. Hence β cannot be an eigenvector corresponding to any eigenvalue κ of S. This leads to the following theorem:

Theorem 3.3. In an almost pseudo Bochner symmetric generalized complex space form of non zero constant scalar curvature, β cannot be an eigenvector corresponding to any eigenvalue of S.

If in particular A = B, then from (3.13), we have

S(Z, β) = −

(n^2 + 2n + 2)

2n(n + 1) rB(Z).

(3.14)

Corollary 1. In a pseudo Bochner symmetric generalized complex space form of non zero constant scalar curvature, −^{(n2 +2n+2)}_{2n(n+1)} r is an eigenvalue corresponding to the eigenvector β

Using equation (3.14) in (1.5), we get

(3.15) (L_V g)(Z, β) + 2(−

(n^2 + 2n + 2) 2n(n + 1) r)g(Z, β) + 2λg(Z, β) = 0.

Suppose V is Killing vector field then using equation (2.11) in (3.15), we get

λg(Z, β) =

(n^2 + 2n + 2) 2n(n + 1) rg(Z, β), and λ =

(n^2 + 2n + 2) 2n(n + 1) r. Then we can state the following Lemma 3. Let (g, V, λ) be a Ricci soliton in a pseudo Bochner symmetric generalized complex space form of non zero constant scalar curvature. If V is Killing vector field then it is expanding.

4. Almost Pseudo Ricci Symmetric Generalized Complex Space Form If the manifold M is an almost pseudo Bochner Ricci symmetric generalized complex space form, then we can be written as (4.1) K(JY, JZ) = K(Y, Z). Taking the covariant derivative of (4.1), we get (4.2) (∇_X K)(JY, JZ) = (∇_X K)(Y, Z). Using (2.9) in (4.2), we get (4.3) A(JY )K(X, JZ) + A(JZ)K(JY, X) = A(Y )K(X, Z) + A(Z)K(Y, X). Using equation (2.10) in (4.2) and on simplification. Put X = Z = e_i and taking sum over i, 1 ≤ i ≤ n, on further simplification using equations (2.6) and (2.5) we get, (4.4) A(Y )r = 0.

Thus if r ≠ 0, then from (4.4) we get A(Y ) = 0. Using A(Y ) = 0 in (2.9) we have (∇_X K)(Y, Z) = B(X)K(Y, Z).

(4.5) Theorem 4.1. An almost pseudo Bochner Ricci symmetric generalized complex space form with non zero scalar curvature reduces to Ricci recurrent one.

Also from (4.5) we get

(∇_X K)(Y, Z) − (∇_Y K)(X, Z) = B(X)K(Y, Z) − B(Y )K(X, Z).

(4.6) Contracting (4.6) over Y and Z and using (2.10), (2.3) and (2.5), we get dr(X) = r(n + 1)B(X) − n 2n + 4

S(X, β).

(4.7) If the scalar curvature r is constant, then dr(X) = 0.

(4.8) By virtue of (4.7) and (4.8) yields S(X, β) =

(2n + 4)(n + 1) n rB(X).

(4.9) In the other way, we assume that the Bochner curvature tensor of this space form is Codazzi type [8]. Then we have (∇_X K)(Y, Z) − (∇_Y K)(X, Z) = 0.

(4.10) Using (4.10) in (4.6), we get B(X)K(Y, Z) − B(Y )K(X, Z) = 0.

(4.11)

Using equations (2.10) and (2.3) again putting Y = Z = e_i and taking sum over i, 1 ≤ i ≤ n in (4.11), later simplification using equation (2.5) we get

S(X, β) =

(2n + 4)(n + 1) n rB(X).

(4.12) This leads the following theorem.

Theorem 4.2. In an almost pseudo Bochner Ricci symmetric generalized complex space form, if

• non zero scalar curvature or • Bochner curvature tensor is Codazzi type then^{(2n+4)(n+1)}_n r is an eigenvalue of the Ricci tensor S corresponding to the eigenvector β.

Using equation (4.9) or (4.12) in (1.5), we get

(4.13) (L_V g)(X, β) + 2(

(2n + 4)(n + 1) n r)g(X, β) + 2λg(X, β) = 0.

By virtue of equation (2.12) in (4.13), we get

λ = − nρ + 2(2n + 4)(n + 1)r 2n . Then we can state the following Lemma 4. Let (g, V, λ) be a Ricci soliton in an almost pseudo Bochner Ricci symmetric generalized complex space form of non zero scalar curvature or Bochner curvature tensor is Codazzi type. If V is conformal Killing vector field then it is shrinking.

5. Bochner flat almost pseudo Ricci symmetric generalized complex space form From (1.4) we get

(∇_X S)(Y, Z) − (∇_Y S)(X, Z) = B(X)S(Y, Z) − B(Y )S(X, Z).

(5.1) Setting Y = Z = e_i in (5.1) and taking summation over i, 1 ≤ i ≤ n, we obtain dr(X) = 2rB(X) − 2S(X, β).

(5.2) Putting X = JX and Y = JY in (5.1), we get (5.3) (∇_{JX} S)(JY, Z) − (∇_{JY} S)(JX, Z) = B(JX)S(JY, Z) − B(JY )S(JX, Z).

Again setting Y = Z = e_i in (5.3) where e_i, i = 1, 2, 3, . . . , n, is an orthonormal basis of the tangent space at each point of the manifold and taking summation over i, 1 ≤ i ≤ n, we get dr(JX) = −2S(X, β).

(5.4)

Let us consider a Bochner flat almost pseudo Ricci symmetric. Then we have (5.5) (div D)(X, Y )Z = 0. Differentiating (2.8) covariantly and contracting we obtain

(div D)(X, Y )Z = (div R)(X, Y )Z

(5.6) − 1 2n + 4

[g(Y, Z)dr(X) − (∇_Y S)(X, Z) + g(JY, Z)dr(JX) −(∇_{JY} S)(JX, Z) + (∇_X S)(Y, Z) − g(X, Z)dr(Y ) + (∇_{JX} S)(JY, Z) −g(JX, Z)dr(JY ) − 2(∇_{JZ} S)(Y, JX) − 2g(JX, Y )dr(JZ)] + 1 (2n + 2)(2n + 4)

[g(Y, Z)dr(X) − g(X, Z)dr(Y ) + g(JY, Z)dr(JX) −g(JX, Z)dr(JY ) − 2g(JX, Y )dr(JZ)].

Using equations (5.5) and (2.1) in (5.6), we get

2n + 3 2n + 4

[(∇_X S)(Y, Z) − (∇_Y S)(X, Z)]

(5.7) − 1 2n + 4

[(∇_{JX} S)(JY, Z) − (∇_{JY} S)(JX, Z) − 2(∇_{JZ} S)(Y, JX)] = 2n + 1 (2n + 2)(2n + 4)

[g(Y, Z)dr(X) − g(X, Z)dr(Y ) +g(JY, Z)dr(JX) − g(JX, Z)dr(JY ) − 2g(JX, Y )dr(JZ)].

By virtue of (5.1) and (5.3), it follows from (5.7) that

2n + 3 2n + 4

[B(X)S(Y, Z) − B(Y )S(X, Z)]

(5.8) − 1 2n + 4

[B(JX)S(JY, Z) − B(JY )S(JX, Z) −2(∇_{JZ} S)(Y, JX)] = 2n + 1 (2n + 2)(2n + 4)

[g(Y, Z)dr(X) − g(X, Z)dr(Y ) +g(JY, Z)dr(JX) − g(JX, Z)dr(JY ) − 2g(JX, Y )dr(JZ)].

Using equation (2.3) in (5.8), we get

2n + 3 2n + 4

{(n − 1)f_1 + 3f_2}[(n − 1)B(X)]

(5.9) − 1 2n + 4

[B(JX)S(JY, Z) − B(JY )S(JX, Z) −2(∇_{JZ} S)(Y, JX)] = 2n + 1 (2n + 2)(2n + 4)

[g(Y, Z)dr(X) − g(X, Z)dr(Y ) +g(JY, Z)dr(JX) − g(JX, Z)dr(JY ) − 2g(JX, Y )dr(JZ)].

Putting Y = Z = e_i and taking sum over i, 1 ≤ i ≤ n, on further simplification using equations (5.2), (5.4) and (2.5) we get

S(X, β) =

4n + 3 −2n^2 + 4n + 4

(n − 1){(n − 1)f_1 + 3f_2}B(X) and (5.10) S(X, β) = ϕg(X, β)

where ϕ =^{4n+3}

−2n^2+4n+4 (n − 1){(n − 1)f1 + 3f2}. Then we can state the following

theorem.

Theorem 5.1. In a Bochner flat almost pseudo Ricci symmetric generalized complex space form, λ is an eigenvalue corresponding to the eigenvector β.

Using equation (5.10) in (1.5), we get

(5.11) (L_V g)(X, β) + 2ϕg(X, β) + 2λg(X, β) = 0.

Equation (2.12) in (5.11), we get

λ = − ρ + 2ϕ 2 . Then we can write the following

Lemma 5. Let (g, V, λ) be a Ricci soliton in a Bochner flat almost pseudo Ricci symmetric generalized complex space form. If V is conformal Killing vector field then it is shrinking.

Acknowledgement

The authors are grateful to the referee for his/her proposed corrections to improve the paper.

References

[1] E. Cartan. Sur une classe remarquable d’espaces de Riemann. Bull. Soc. Math. France, 54:214–264, 1926.

[2] M. C. Chaki. On pseudo symmetric manifolds. An. Ştiinţ. Univ. Al. I. Cuza Iaşi Secţ.

I a Mat., 33(1):53–58, 1987.

[3] M. C. Chaki and B. Gupta. On conformally symmetric spaces. Indian J. Math., 5:113– 122, 1963.

[4] M. C. Chaki and T. Kawaguchi. On almost pseudo Ricci symmetric manifolds. Tensor (N.S.), 68(1):10–14, 2007.

[5] B. B. Chaturvedi and P. Pandey. Study on special type of a weakly symmetric Kähler manifold. Differ. Geom. Dyn. Syst., 17:32–37, 2015.

[6] U. C. De and S. Mallick. On almost pseudo concircularly symmetric manifolds. The Journal of Mathematics and Computer Science, 4(3):317–330, 2012.

[7] R. Deszcz. On pseudosymmetric spaces. Bull. Soc. Math. Belg. Sér. A, 44(1):1–34, 1992. [8] D. Ferus. A remark on Codazzi tensors on constant curvature space. In Global Differential Geometry and Global Analysis, Lecture Notes in Mathematics Volume 838, page 257, 1981.

[9] R. S. Hamilton. The Ricci flow on surfaces. In Mathematics and general relativity (Santa Cruz, CA, 1986), volume 71 of Contemp. Math., pages 237–262. Amer. Math. Soc., Providence, RI, 1988.

[10] Z. Olszak. On the existence of generalized complex space forms. Israel J. Math., 65(2):214–218, 1989.

[11] B. O’Neill. Semi-Riemannian geometry, volume 103 of Pure and Applied Mathematics.

Academic Press, Inc. [Harcourt Brace Jovanovich, Publishers], New York, 1983. With applications to relativity.

[12] F. Özen and S. Altay. On weakly and pseudo-symmetric Riemannian spaces. Indian J.

Pure Appl. Math., 33(10):1477–1488, 2002.

[13] W. Roter. On conformally symmetric Ricci-recurrent spaces. Colloq. Math., 31:87–96, 1974.

[14] A. A. Shaikh, S. K. Hui, and C. S. Bagewadi. On quasi-conformally flat almost pseudo Ricci symmetric manifolds. Tamsui Oxf. J. Math. Sci., 26(2):203–219, 2010.

[15] Z. I. Szabó. Structure theorems on Riemannian spaces satisfying R(X, Y ) · R = 0. II.

Global versions. Geom. Dedicata, 19(1):65–108, 1985.

[16] L. Tamássy and T. Q. Binh. On weakly symmetric and weakly projective symmetric Riemannian manifolds. In Differential geometry and its applications (Eger, 1989), volume 56 of Colloq. Math. Soc. János Bolyai, pages 663–670. North-Holland, Amsterdam, 1992.

[17] L. Tamássy, U. C. De, and T. Q. Binh. On weak symmetries of Kaehler manifolds.

Balkan J. Geom. Appl., 5(1):149–155, 2000. Dedicated to Professor Constantin Udrişte. [18] F. Tricerri and L. Vanhecke. Curvature tensors on almost Hermitian manifolds. Trans.

Amer. Math. Soc., 267(2):365–397, 1981.

[19] L. Vanhecke. Almost Hermitian manifolds with J-invariant Riemann curvature tensor.

Rend. Sem. Mat. Univ. e Politec. Torino, 34:487–498, 1975/76.

[20] K. Yano and M. Kon. Structures on manifolds, volume 3 of Series in Pure Mathematics.

World Scientific Publishing Co., Singapore, 1984.

Received September 11, 2015.

M. M. Praveena, Department of Mathematics, Kuvempu University, Shankaraghatta - 577 451, Shimoga, Karnataka, INDIA E-mail address: mmpraveenamaths@gmail.com

C. S. Bagewadi (corresponding author), Department of Mathematics, Kuvempu University, Shankaraghatta - 577 451, Shimoga, Karnataka, INDIA E-mail address: prof bagewadi@yahoo.co.in