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Abstract 

 

The object of the present paper is to study Kenmotsu manifold with quarter-

symmetric non metric -connection.In this paper, we study a quarter-

symmetric non metric -connection in a Kenmotsu manifold whose projective 

curvature tensor satisfied certain curvature condition. 
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1. Introducton 

In 1924, Friedman, Aand Schouten, J.A. [4, 6] introduced the notion of a semi-

symmetric linear connection on differentiable manifold. In 1975, metric connection 

with torsion on a Riemannian manifold was defined by Hayden, H.A [6]. In 1970, 

Yano, K[14] studied some curvature and derivational condition for semi-symmetric 

linear connection in Riemannian manifold. In 1975, Golab, S [5] initiated the study of 

quarter-symmetric linear connection on a differentiable manifold. 

A linear connection  on n-dimensional differentiable manifold is said to be quarter-

symmetric connection if it torsion T is of the form 

(1.1)  

Where  is a 1-form and  is a tensor of type (1, 1). In addition, a quarter-symmetric 

linear connection  satisfies the condition 

(1.2)  
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And 

(1.3)  

For all vector field , where  is the Lie algebra of the vector fields 

of the manifold M, then  is said to be quarter-symmetric non metric -connection. In 

particular, if  and , then quarter-symmetric connection reduces to 

semi-symmetric connection [5, 11 ]. After Golab, S.many other, Rastogi, S [ 9], 

Mishra and Pandey [8 ], Yano and Imai, Mukhopadhyay, Biswas and De [2], 

Srivastava S.K And Srivastava S.K [13], De and Mondal, De and De and many other 

study the quarter-symmetric connection. 

Tano, S. Classified connected almost metric manifold whose automorphism group 

possess the maximum dimension. for such a manifold M, the sectional curvature of 

the plane section  is constant say c. If c>0, M is a homogeneous sasakian manifold of 

constant sectional curvature. If c=0, M is a product of line or a circle with a Kaehler 

manifold of constant holomorphic section curvature. If c <0, M is wraped product 

space . In 1971, Kenmotsu studied a class of contact Riemannian manifold 

satisfying some special condition. we call it Kenmotsu manifold. Also Kenmotsu 

manifold have been studied by many other Jun J.B., De [7]And Phathak, Ozgur, C. De 

and De, Yildiz, A., and others. 

In this paper, we study quarter-symmetric non metric -connection in a kenmotsu 

manifold. The paper is organized as follows: in Section-2, we give a brief account of 

Kenmotsu manifold. Also relation between quarter-symmetric non metric -

connection and Levi-Civita connection is discussed and shown that manifold is -

projectively flat with respect to quarter-symmetric non metric -connection. In next 2 

& 3-section, quasi projectively kenmotsu manifold and -projectively flat kemmotsu 

manifold with quarter-symmetric non metric -connection have been discuised. In 

last section we have shown a kenmotsu manifold with quarter-symmetric non metric 

-connection satisfying  is Einstein manifold.Finally we have given an 

example of Kenmotsu manifold. 

 

 

2. On Kenmotsu Manifolds 

An -dimensional differentiable manifold M is called an almost contact 

Riemannian manifold if, there is an almost contact structure  consisting of a 

(1, 1) tensor field a vector field  and 1-form  satisfying [ 5, 3 ] 

(2.1)  

(2.2) , ,  

Let  be Riemannian metric with , that is, 

(2.3)  

Or equivalently 

(2.6)  and  

For all vector fields  on M. If an almost contact metric manifold satisfies 

(2.7)  

Them M is called kenmotsu manifold [5 ]. 

From the above relations, it follows that 
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(2.8)  

(2.9)  

In a Kenmotsu manifold M the following relation hold [ 5 ]: 

(2.10)  

(2.11)  

(2.12)  

(2.13)  

For every vector fields X, Y, Z on M where R and S are Riemannian curvature tensor 

and Ricci tensor with respect to the Levi-Civita connection, respectively. 

A relation between Levi-Civita connection  and quarter symmetric non metric -

connection  on kenmotsu manifold is given [1] 

(2.14)  

A relation between the curvature tensor of M with respect to the quarter symmetric 

non metric -connection  on kenmotsu manifold and Levi-Civita connection  is 

given by 

(2.15)  

Where  and R are the Riemannian curvature of the connection and , respectively. 

From (2.15), it follows that 

(2.16)  

Where  and  are the Ricci tensor of the connection and , respectively. 

From (2.16), we have 

, that is Ricci tensor the quarter symmetric non metric -connection 

is symmetric. Contracting (2.16), we have 

(2.17)  

Where  and  are scalar curvature of the connection and , respectively. 

Now, we define projective curvature tensor  with respect to quarter symmetric non 

metric -connection, given by 

(2.18)  

In view of (2.15) and (2.16), the equation (2.18) becomes 

(2.19)  

Where 

(2.20)  

Therefore we, have 

 

Theorem 2.1: A projective curvature tensor  of n-dimensional Kenmotsu manifold 

with respect to quarter-symmetric non metric -connection coincide with projective 

curvature tensor P with respect to Levi-Civita connection. 

 

Defination.2.1: A n-dimensional kenmotsu manifold M is said to be -projectively 

flat if the condition 0, holds on M. 

From (2.19), it is clear that , therefore we have 

 

Theorem 2.2: An n-dimensional kenmotsu manifold is -projectively flat with 
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respect to quarter symmetric non metric -connection if and only if the manifold is 

also is -projectively flat with respect to Levi-Civita connection. 

 

 

3. Quasi-Projectively Flat Kenmotsu Manifold With Respect To Quarter 

Symmetric Non Metric -Connection 

From the differential geometric point of view, the projective curvature is an important 

tensor. Analogous to the definition of projective curvature tensor, we define 

projective curvature tensor  with respect to quarter symmetric non metric -

connection, given by 

(3.1)  

 

Definition 3.1: A n-dimensional kenmotsu manifold M is said to be quasi-

projectively flat with respect to quarter symmetric non metric -connection, if 

(3.2)  

Where  is projective curvature tensor with respect to the quarter symmetric non 

metric -connection. 

In view of (3.1), we have 

(3.3) 

 

Putting and  in above equation, we get 

(3.4)  

 

Now suppose that the manifold M is quasi-projectively flat with respect to the quarter 

symmetric non metric -connection. Then in virtue of (3.2), from (3.4), we have 

(3.5)  

Using (2.15) and (2.16) in above equation, we get 

(3.6)  

Let  be orthonormal basis of vector fields in manifold M. 

Then  is also local orthonormal basis of manifold M. 

Putting  in the equation (3.6) and taking summation over 

we get 

 

 

Also, 
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Using (3.8), (3.9) and (3.10) in equation (3.7) and after simplifying, we get 

(3.11)  

Which shows that manifold M is Einstein manifold.Thus, we can state the following 

theorem. 

 

Theorem 3.1: A quasi-projectively flat Kenmotsu manifold with respect to quarter-

symmetric non metric -connection is Einstein manifold. 

 

 

4. -Projectively Flat Kenmotsu Manifold With Respect To Quarter 

Symmetric Non Metric -Connection 

Definition 4.1: A n-dimensional Kenmotsu manifold with respect to quarter-

symmetric non metric -connection is said to be -projectively flat if 

(4.1)  

Where  is projective curvature tensor with respect to the quarter symmetric non 

metric -connection. 

Suppose the manifold M is -projectively flat Kenmotsu manifold with respect to-

quarter-symmetric non metric -connection. It is easy to see that 

 holds if an only if 

(4.2)  

For any X, Y, Z  

Putting and  in the equation (3.4), we get 

(4.3)  

 

So by virtue of (4.2) the above equation reduces to 

(4.4)  

 

Let  be orthonormal basis of vector fields in manifold M. 

Then  is also local orthonormal basis of manifold M. 

Putting  in the equation (4.4) and taking summation over 

we get 
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Also, it can be seen that 

 

 

 

By virtue of (4.5), (4.6) and (4.7) the equation (4.4) becomes 

(4.8)  

In view of (2.3) and (2.13) the above equation becomes 

(4.9)  

Which shows that manifold M is Einstein manifold.Thus, we can state the following 

theorem. 

 

Theorem 4.1: An n-dimensional -projectively flat Kenmotsu manifold with respect 

to quarter-symmetric non metric -connection is Einstein manifold. 

 

 

5. Kenmotsu Manifold With Respect To Quarter Symmetric Non Metric -

Connection Satisfying  

Consider an n-dimensional kenmotsu manifold with respect to quarter-symmetric non 

metric -connection satisfying 

(5.1)  

Where  is the Ricci tensor with respect to quarter-symmetric non metric -

connection. then, we have 

(5.2)  

Putting  in the equation (5.2), we have 

(5.3)  

In view of equation (3.1), we have 

(5.4)  

By virtue of equation (2.15), (2.16) (2.11) and(2.12), we have 

(5.5)  

(5.6)  

Using (5.5) and (5.6) in (5.4), we have 

(5.7)  

Using (5.7) in (5.4), we have 

(5.8)  

Putting  in above equation and using (2.2), we have 
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(5.9)  

Which shows that manifold M is Einstein manifold.Thus, we can state the following 

theorem. 

Theorem 5.1: An n-dimensional Kenmotsu manifold M with respect to quarter-

symmetric non metric -connection satisfying .is Einstein manifold. 

 

1. Example 

We consider the three dimensional manifold  where 

 are standard coordinates in . The vector fields 

 

Are linearly independent at each point of  let  be the Lorentzian metric defined by 

 

 

That is, form of the metric becomes 

, which is a Lorentzina metric. 

Let  be the 1-form defined by for any let  be the (1, 1) 

tensor field defined by  then using the linearity 

property of  and , we have 

for any 

Z, W  the for , the structure (  defines a  Lorentzian Para 

contact structure on M. Let  be the Levi Civita connection with respect to the 

Lorentzian metric  and R be the curvature tensor of  then we have 

 

Koszul’s formula is defined by 

 

 (7.1) 

Ussing (7.1) for lorentzian metric , we can easily calculate that 

, , 

, , 

 

From above, it is easy to see that (2.3), (2.7) and (2.8) is verified. Hence the structure 

(  defines Kenmotsu manifold. 

 

 

Acknowledgement 
The authors would like to thank Dr.S.K.Srivastava, Associate Prof., Department of 

Mathematics and Statistics, DDU Gorakhpur University, Gorakhpur INDIA for their 

valuable suggestion to improve the paper in form. 

 

 

References: 

 

[1] Barman, A., On a type of quarter symmetric non metric phi connection on a 



74 Gyanvendra Pratap Singh and Sunil Kumar Srivastava 

 

kenmmotsu manifold., Bulletin of Mathematical analysis and applications., 

4(2012), issue 3, 1-11. 

[2] De, U C, : On symmetric Kenmotsu manifold. Int. Electronic J. Geometry, 

1(1)(2008), 33-38 

[3] De, U C, On a type of semi symmetric metric connection on Riemannian 

manifold. Indian J. Pure Appl.Math.21(4) (1990), 334-338 

[4] Friedmann, A and Schouten, J.A,.Uber die Geometric der halbsymmetrischen 

Ubertagung, Math. Zeitchr., 21(1924), 211-223. 

[5] Golab.S, On semi symmetric and quarter symmetric linear connections, 

Tensor N.S, vol 29, (1975), 293-301. 

[6] Hayden, H.A., Subspaces of a space with torsion, Proc, London Math.Soc., 

34(1932), 27-50. 

[7] Jun, J.B,.De, U.C., and Pathak, G., on Kenmotsu manifolds., J. Korean Math. 

Soc., 42(2005), 435-445. 

[8] Mishra, R.S, and Pandey, S.N., On quarter-symmetric metric F-connection, 

Tensor, N.S., 34(1980), 1-7. 

[9] Rastogi, S.C., On Quarter symmetric metric connection, Tensor, N.S., 

44(1987), 133-141. 

[10] Singh, R.N., Pandey, S.K.and pandey,.G., some curvature properties of a semi 

symmetric metric connection in Kenmotsu manifold, Rev. Bull. Calcutta 

Math.Soc.20(2012), 81-90. 

[11] Saular, S. Ozgur, C and De, U.C,.Quarter symmetric metric connection in a 

Kenmotsu manifold, SUT Journal of Mathematics, 44 (2008), 2., 297-306. 

[12] Schouten, J.A., Ricci calculus, springer.1954. 

[13] Srivastava, S.K And Srivastava, S.K., Generalised Structure Manifold 

Admitting Quarter Symmetric Non Metric F-Connection., Journal Of 

Rajasthan Academy Of Physical Sciences., Volume. 9, No. 4 (2010),.297-303 

[14] Yano, K., On semi-symmetric metric connectionand their curvature tensors, 

Rev. Roumaine Math.Pures Appl., 15(1970), 1579-1586. 

 

 

 

 

 


