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1. Introduction  
Sato [19] defined the notion of almost para-contact Riemannian manifold. Adati and Matsumoto [1] defined and studied 

para-Sasakian and sp-Sasakian which were taken as a special kind of almost-contact Riemannian manifolds. Earlier, 

Kenmotsu[5] defined a class of almost-contact Riemannian manifolds. Sinha and Prasad [23] have defined a class of almost 

para-contact metric manifolds, namely para-Kenmotsu and special para-Kenmotsu manifolds. In a recent paper, Satyanarayana 

and Prasad [20] have proved that if in a para-Kenmotsu manifold (𝑀𝑛, 𝑔)(𝑛 > 3), the relation 

         

           𝑅(𝑋, 𝑌). 𝐶 = 0    

 

holds, where 𝐶 is the conformal curvature tensor of the manifold and 𝑅 is the Riemannian curvature tensor, and where 𝑅(𝑋, 𝑌) 
is taken to be the derivation of the tensor algebra at each point of the manifold for the tangent vectors  𝑋 and 𝑌, then the 

manifold is conformally flat. 

 

In this paper, we will consider the case  

                                                              𝑅(𝑋, 𝑌).𝑊4 = 0   

 

in a para-Kenmotsu manifold. Let 𝑀𝑛 be an 𝑛 −dimensional manifold equipped with structure tensors (𝜙, 𝜉, 𝜂) where 𝜙 is 

tensor type (1,1), 𝜉 is a vector field and η is a 1-form such that 

                             

𝜂(𝜉) = 1                                                                               (1.1) 

 

     𝜙2(𝑋) = 𝑋 − 𝜂(𝑋)𝜉, 𝑋 = 𝜙(𝑋)                                              (1.2)   

 

Then 𝑀𝑛 is called an almost para-contact manifold. If  𝑔 is the Riemannian metric such that for all vector fields 𝑋 and 𝑌 on 𝑀𝑛 

 

     𝑔(𝑋, 𝜉) = 𝜂(𝑋)                                                                                    (1.3) 

 

𝜙(𝜉) = 0, 𝜂(𝜙𝑋) = 0, 𝑟𝑎𝑛𝑘(𝜙) = 𝑛 − 1                                        (1.4) 

 

𝑔(𝜙𝑋, 𝜙𝑌) = 𝑔(𝑋, 𝑌) − 𝜂(𝑋)𝜂(𝑌)                                    (1.5) 

 

then the manifold 𝑀𝑛 is said to admit an almost para-contact Riemannian structures (𝜙, 𝜉, 𝜂, 𝑔) (see [22], [10], [3]). 

A manifold of dimension 𝑛 with Riemannian metric 𝑔 admitting a tensor field 𝜙 of type (1,1),  a vector field  𝜉  and a 1-form 

η satisfying (1.1) and (1.3) along with  

 

     (𝛻𝑋𝜂)𝑌 = (𝛻𝑌𝜂)𝑋 = 0                                                          (1.6) 
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  (𝛻𝑋𝛻𝑌𝜂)𝑍 = [−𝑔(𝑋, 𝑍) + 𝜂(𝑋)𝜂(𝑍)]𝜂(𝑌) + [−𝑔(𝑋, 𝑌) + 𝜂(𝑋)𝜂(𝑌)]𝜂(𝑍)                    (1.7) 

 

     𝛻𝑋𝜉 = 𝜙2(𝑋) = 𝑋 − 𝜂(𝑋)𝜉                                                  (1.8) 

 

is called a para-Kenmotsu manifold or a p-Kenmotsu manifold. A para-Kenmotsu manifold has been studied by many authors 

(see [23], [25], [21]).  Let (𝑀𝑛, 𝑔) be an n-dimensional manifold admitting a tensor field 𝜙 of type (1,1),  a vector field  𝜉  and 

a 1-form η satisfying 

                                     (𝛻𝑋𝜂)𝑌 = 𝑔(𝑋, 𝑌) − 𝜂(𝑋)𝜂(𝑌)                                                             (1.9) 

 

                                                       𝑔(𝑋, 𝜉) = 𝜂(𝑋)  and            (𝛻𝑋𝜂)𝑌 = 𝜑(𝑋, 𝑌)                              (1.10)     

 

where 𝜑 is an associate of  𝜙 is called a special p-Kenmotsu manifold or in short sp-Kenmotsu manifold [23]. It is known (see 

[23], [21]) that in a p-Kenmotsu manifold 𝑀𝑛 the following relations hold: 

 

     𝑆(𝑋, 𝜉) = −(𝑛 − 1)𝜂(𝑋)                                                          (1.11) 

 

   𝑔(𝑅(𝑋, 𝑌)𝑍, 𝜉) = 𝜂(𝑅(𝑋, 𝑌, 𝑍)) − 𝑔(𝑋, 𝑍)𝜂(𝑌) − 𝑔(𝑌, 𝑍)𝜂(𝑋)           (1.12) 

 

               𝑅(𝑋, 𝜉) = −1                                                                         (1.13) 

 

               𝑅(𝑋, 𝜉, 𝜉) = −𝑋 + 𝜂(𝑋)𝜉                                                           (1.14) 

 

         𝑅(𝑋, 𝜉, 𝑋) = 𝜉                  (1.15) 

 

         𝑅(𝜉, 𝑋, 𝜉) = 𝑋                               (1.16) 

 

            𝑅(𝑋, 𝑌, 𝜉) = 𝜂(𝑋)𝑌 − 𝜂(𝑌)𝑋      (1.17) 

 

where 𝑋 is orthogonal to  𝜉 and where 𝑆 is the Ricci tensor and 𝑅 the Riemannian curvature; 

 

       𝑆(𝑋, 𝑌) = 𝑅𝑖𝑐(𝑋, 𝑌) = 𝑔(𝜙𝑋, 𝑌) = −(𝑛 − 1)𝑔(𝑋, 𝑌)                (1.18) 

 

2. 𝐖𝟒-Curvature Tensor in para-Kenmotsu Manifolds 

 
Pokhariyal and Mishra [16] defined 𝑊4-curvature tensor as  

𝑊4(𝑋, 𝑌, 𝑍, 𝑇) = 𝑅𝑖𝑐(𝑋, 𝑌, 𝑍, 𝑇) +
1

𝑛 − 1
[𝑔(𝑋, 𝑍)𝑅𝑖𝑐(𝑌, 𝑇) − 𝑔(𝑋, 𝑌)𝑅𝑖𝑐(𝑇, 𝑍)] 

This tensor has received a great deal of attention and has been studied by a number of researchers (see [12], [11], [6], [7]). 

 

Definition 2.1 A Riemannian manifold 𝑀𝑛 is said to flat if  𝑅(𝑋, 𝑌)𝑍 = 0. 

 

Definition 2.2 A para-Kenmotsu manifold is said to be 𝑊4-flat if the 𝑊4-curvature Tensor vanishes identically, that is  

𝑊4(𝑋, 𝑌)𝑍 = 0 (see [8]). 

 

Theorem 2.3 A 𝑊4-flat para-Kenmotsu manifold is a flat manifold. 

 

Proof. If a para-Kenmotsu manifold is flat, then   𝑅 = 0 in 

                     W4(X, Y, Z, T) = Ric(X, Y, Z, T) +
1

n-1
[g(X, Z)Ric(Y, T)-g(X, Y)Ric(T, Z)] . 

 

Hence if a para-Kenmotsu manifold is  W4-flat, then we have  

                                          0 = 𝑅𝑖𝑐(𝑋, 𝑌, 𝑍, 𝑇) +
1

𝑛−1
[𝑔(𝑋, 𝑍)𝑅𝑖𝑐(𝑌, 𝑇) − 𝑔(𝑋, 𝑌)𝑅𝑖𝑐(𝑇, 𝑍)]  

                 or  

    𝑅𝑖𝑐(𝑋, 𝑌, 𝑍, 𝑇) =
1

𝑛−1
[𝑔(𝑋, 𝑌)𝑅𝑖𝑐(𝑇, 𝑍) − 𝑔(𝑋, 𝑍)𝑅𝑖𝑐(𝑌, 𝑇)] . 
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Using   𝑆(𝑋, 𝑌) = −(𝑛 − 1)𝑔(𝑋, 𝑌) = 𝑅𝑖𝑐(𝑋, 𝑌) , we have  

 

   𝑅(𝑋, 𝑌, 𝑍, 𝑇) =
1

𝑛−1
[−(𝑛 − 1)𝑔(𝑇, 𝑍)𝑔(𝑋, 𝑇) + (𝑛 − 1)𝑔(𝑌, 𝑇)𝑔(𝑋, 𝑍)]  

 

           =
𝑛−1

𝑛−1
[−𝑔(𝑋, 𝑌)𝑔(𝑇, 𝑍) + 𝑔(𝑋, 𝑍)𝑔(𝑌, 𝑇)]          

 

              = g(X, Z)g(Y, T)-g(X, Y)g(T, Z) . 
 

But in a para-Kenmotsu manifold,  

𝑅(𝑋, 𝑌, 𝑍, 𝑇) = 𝑔(𝑋, 𝑍)𝑔(𝑌, 𝑇) − 𝑔(𝑌, 𝑍)𝑔(𝑋, 𝑇). 
Since 

 𝑔(𝑋, 𝑍)𝑔(𝑌, 𝑇) − 𝑔(𝑋, 𝑌)𝑔(𝑍, 𝑇) ≠ 𝑔(𝑋, 𝑍)𝑔(𝑌, 𝑇) − 𝑔(𝑌, 𝑍)𝑔(𝑋, 𝑇), 
 

this implies that this is only possible if  𝑅(𝑋, 𝑌, 𝑍, 𝑇) = 0. . This proves the claim. 

 

Corollary 2.4 A 𝑊4-flat para-Kenmotsu manifold is neither Einstein nor 𝜂 -Einstein manifold.  

3. W4-Semi-Symmetric para-Kenmotsu Manifold 
 

De and Guha [4] gave the definition of semi-symmetric as 𝑅(𝑋, 𝑌)𝑅(𝑍, 𝑈)𝑉 = 0.  
 

The concept of semi-symmetric para-Kenmotsu manifolds with respect to some curvature tensor has been studied by several 

authors (see [24], [21], [17], [13]). 

 

Definition 3.1 A para-Kenmotsu manifold is said to be W4-semi-symmetric if   

 

     𝑅(𝑋, 𝑌)𝑊4(𝑍, 𝑈)𝑉 = 0.  
 

Theorem 3.2 A W4-semi-symmetric para-Kenmotsu Manifold is a W4-flat manifold 

 

Proof. If a para-Kenmotsu Manifold is a W4-semi-symmetric manifold then   

 

     R(X, Y)W4(Z, U)V = 0.                        
So  

𝑅(𝑋, 𝑌)𝑊4(𝑍, 𝑈)𝑉 = 𝑔(𝑋,𝑊4(𝑍, 𝑈)𝑉)𝑌 − 𝑔(𝑌,𝑊4(𝑍, 𝑈)𝑉)𝑋 = 0, 
 

⇒ 𝑔(𝑋,𝑊4(𝑍, 𝑈)𝑉)𝑌 − 𝑔(𝑌,𝑊4(𝑍, 𝑈)𝑉)𝑋 = 0, 
 

      ⇒ 𝑊4(𝑋, 𝑍, 𝑈, 𝑉)𝑌 −𝑊4(𝑌, 𝑍, 𝑈, 𝑉)𝑋 = 0, 

     ⇒ 𝑔(𝑊4(𝑋, 𝑍, 𝑈, 𝑉)𝑌, 𝜉) − 𝑔(𝑊4(𝑌, 𝑍, 𝑈, 𝑉)𝑋, 𝜉) = 0, 

     ⇒ 𝑊4(𝑋, 𝑍, 𝑈, 𝑉)𝜂(𝑌) −𝑊4(𝑌, 𝑍, 𝑈, 𝑉)𝜂(𝑋) = 0. 

We note that this is only possible if 𝑊4(𝑋, 𝑍, 𝑈, 𝑉) = 0 and 𝑊4(𝑌, 𝑍, 𝑈, 𝑉) = 0, since 𝜂(𝑋) ≠ 0 and η(Y) ≠ 0 and thus 

follows the theorem.  

4. W4-Symmetric Para-Kenmotsu Manifold 

 
Definition 4.1 A para-Kenmotsu manifold is said to be W4-symmetric if  

    𝛻𝑈𝑊4(𝑋, 𝑌)𝑍 = 𝑊4
′(𝑈, 𝑋, 𝑌)𝑍 = 0.                                                     (4.1)   

For more on this definition (see [9], [14]).                        
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Theorem 4.2 A W4-symmetric and W4-semi-symmetric para-Kenmotsu manifold is a flat manifold 

Proof. From Theorem 3.2, we found out that a W4-semi-symmetric para-Kenmotsu manifold is a W4-flat manifold. So, if a 

para-Kenmotsu manifold W4-symmetric then 

∇𝑈𝑊4(𝑋, 𝑌)𝑍 = 𝑅(𝑋, 𝑌)𝑊4(𝑍, 𝑈)𝑉 −𝑊4(𝑅(𝑋, 𝑌)𝑍, 𝑈)𝑉 −𝑊4(𝑍, 𝑅(𝑋, 𝑌)𝑈)𝑉 −𝑊4(𝑍, 𝑈)𝑅(𝑋, 𝑌)𝑉 = 0                                                                                   

                                                                                                                                                                              (4.2) 

Computing each of the four terms in (4.2) separately and subjecting them to equivalent conditions gives 

 𝛻𝑈𝑊4(𝑋, 𝑌)𝑍 = 𝑅(𝑋, 𝑌)𝑊4(𝑍, 𝑈)𝑉 −𝑊4(𝑅(𝑋, 𝑌)𝑍, 𝑈)𝑉 −𝑊4(𝑍, 𝑅(𝑋, 𝑌)𝑈)𝑉 −𝑊4(𝑍, 𝑈)𝑅(𝑋, 𝑌)𝑉 = 0                                                                                        

(4.3) 

⇒ 𝑔(𝑅(𝑋, 𝑌)𝑊4(𝑍, 𝑈)𝑉, 𝜉) = 𝑔(𝑊4
′(𝑋, 𝑍, 𝑈, 𝑉)𝑌, 𝜉) − 𝑔(𝑊4

′(𝑌, 𝑍, 𝑈, 𝑉)𝑋, 𝜉) 

 =𝜂(𝑊4
′(𝑋, 𝑍, 𝑈, 𝑉)𝑌) − 𝜂(𝑊4

′(𝑌, 𝑍, 𝑈, 𝑉)𝑋) 

                                                              = 𝑊4
′(𝑋, 𝑍, 𝑈, 𝑉)𝜂(𝑌) − (𝑊4

′(𝑌, 𝑍, 𝑈, 𝑉)𝜂(𝑋),                                                        

where    

𝑅′(𝑋, 𝑌, 𝑍, 𝑈) = 𝑔(𝑅(𝑋, 𝑌)𝑍, 𝑈) 

and  

𝑔(𝑅(𝑋, 𝑌)𝑍, 𝜉) = 𝜂(𝑅(𝑋, 𝑌)𝑍 = 𝑔(𝑋, 𝑍)𝜂(𝑌) − 𝑔(𝑌, 𝑍)𝜂(𝑋). 

Again 

𝑊4(𝑅(𝑋, 𝑌)𝑍, 𝑈)𝑉 = 𝑅(𝑅(𝑋, 𝑌)𝑍, 𝑈)𝑉 +
1

𝑛 − 1
[𝑔(𝑅(𝑋, 𝑌)𝑍, 𝑉)𝜙𝑈 − 𝑔(𝑅(𝑋, 𝑌)𝑍, 𝑈)𝜙𝑉] 

⇒ 𝑊4
′(𝑅(𝑋, 𝑌)𝑍, 𝑈, 𝑉, 𝜉) = 𝑅′(𝑅(𝑋, 𝑌)𝑍, 𝑈, 𝑉, 𝜉) +

1

𝑛 − 1
[𝑔(𝑅(𝑋, 𝑌)𝑍, 𝑉)𝑆(𝑈, 𝜉) − 𝑔(𝑅(𝑋, 𝑌)𝑍, 𝑈)𝑆(𝑉, 𝜉)] 

          = 𝑅′(𝑅(𝑋, 𝑌)𝑍, 𝑈, 𝑉, 𝜉) +
𝑛−1

𝑛−1
[−𝜂(𝑈)𝑅′(𝑉, 𝑋, 𝑌, 𝑍) + 𝜂(𝑉)𝑅′(𝑈, 𝑋, 𝑌, 𝑍)]          

          = 𝑅′(𝑉, 𝑋, 𝑌, 𝑍)𝜂(𝑈) − 𝑔(𝑅(𝑋, 𝑌)𝑍, 𝑔(𝑈, 𝑉)) − 𝜂(𝑈)𝑅′(𝑉, 𝑋, 𝑌, 𝑍) + 𝜂(𝑉)𝑅′(𝑈, 𝑋, 𝑌, 𝑍)     

          = η(V)R'(U, X, Y, Z)-g(U, V)η(R(X, Y)Z)                                                                      (4.4) 

𝑊4
′(𝑍, 𝑅(𝑋, 𝑌)𝑈)𝑉 = 𝑅(𝑍, 𝑅(𝑋, 𝑌)𝑈, 𝑉) +

1

𝑛 − 1
[𝑔(𝑍, 𝑉)𝜙𝑅(𝑋, 𝑌)𝑈 − 𝑔(𝑍, 𝑅(𝑋, 𝑌)𝑈)𝜙𝑉] 

⇒ W4
'(Z, R(X, Y)U, V, ξ) = R'(Z, R(X, Y)U, V, ξ) +

1

n-1
[g(Z, V)S(R(X, Y)U, ξ)-R'(Z, X, Y, U)S(V, ξ)]   

= 𝑔(𝑍, 𝑉)𝜂(𝑅(𝑋, 𝑌)𝑈) − 𝜂(𝑍)𝑅′(𝑉, 𝑋, 𝑌, 𝑈) +
𝑛 − 1

𝑛 − 1
[−𝑔(𝑍, 𝑉)𝑅′(𝑋, 𝑌, 𝑈, 𝜉) + 𝜂(𝑉)𝑅′(𝑍, 𝑋 , 𝑌, 𝑈)] 

                     = η(V)R'(Z, X , Y, U)-η(Z) R'(V, X, Y, U)                                                        (4.5) 

𝑔(𝑊4(𝑍, 𝑈)𝑅(𝑋, 𝑌)𝑉, 𝜉) = 𝑊4
′(𝑍, 𝑈, 𝑅(𝑋, 𝑌)𝑉, 𝜉) 

= 𝑅′(𝑍, 𝑈, 𝑅(𝑋, 𝑌)𝑉, 𝜉) +
1

𝑛 − 1
[𝑔(𝑍, 𝑅(𝑋, 𝑌)𝑉)𝑆(𝑈, 𝜉) − 𝑔(𝑍, 𝑈)𝑆(𝑅(𝑋, 𝑌)𝑉, 𝜉)] 



Stephen K. Moindi & Bernard M. Nzimbi / IJMTT, 68(11), 73-78, 2022 

 

77 

= 𝜂(𝑈)𝑅′(𝑍, 𝑋, 𝑌, 𝑉) − 𝜂(𝑍)𝑅′(𝑈, 𝑋, 𝑌, 𝑉) +
𝑛 − 1

𝑛 − 1
[−𝜂(𝑈)𝑅′(𝑍, 𝑋, 𝑌, 𝑈) + 𝑔(𝑍, 𝑈)𝜂(𝑅(𝑋, 𝑌)𝑉)] 

= g(Z, U)η(R(X, Y)V)-η(Z)R'(U, X, Y, V).                                                                         (4.6) 

Next, putting together (4.3), (4.4), (4.5) and (4.6) we have, 

  

  𝑊4
′(𝑋, 𝑍, 𝑈, 𝑉)𝑌 −𝑊4

′(𝑌, 𝑍, 𝑈, 𝑉)𝑋 + 𝜂(𝑉)𝑅′(𝑈, 𝑋, 𝑌, 𝑍) − 𝑔(𝑈, 𝑉)𝑅′(𝑋, 𝑌, 𝑍, 𝜉) + 

𝜂(𝑉)𝑅′(𝑍, 𝑋, 𝑌, 𝑈) − 𝜂(𝑍)𝑅′(𝑉, 𝑋, 𝑌, 𝑈) + 𝑔(𝑍, 𝑈)𝑅′(𝑋, 𝑌, 𝑉, 𝜉) − 𝜂(𝑍)𝑅′(𝑈, 𝑋, 𝑌, 𝑉) = 0.    

                                (4.7) 

   Since the para-Kenmotsu manifold is symmetric, the 𝑊4
′s vanish and also the coefficients of 𝜂(𝑉) and 𝜂(𝑍) vanish because 

of symmetry leaving us only with                                                           

𝑔(𝑍, 𝑈)𝑅′(𝑋, 𝑌, 𝑉, 𝜉) − 𝑔(𝑈, 𝑉)𝑅′(𝑋, 𝑌, 𝑍, 𝜉) = 0.                                                                 (4.8) 

Since 𝑔(𝑍, 𝑈) ≠ 𝑔(𝑈, 𝑉) ≠ 0,  this implies that 𝑅′ = 0 and thus follows the theorem. 

5. W4-Recurrent para-Kenmotsu Manifold 
In this section we study the recurrent properties of the 𝑊4-curvature tensor in a para-Kenmotsu manifold 𝑀𝑛. We consider 

a para-Kenmotsu manifold Mnwhich is W4-recurrent. Pokhariyal [15] gave the definition of W4-recurrent as 

     𝛻𝑈𝑊4(𝑋, 𝑌)𝑍 = 𝐵(𝑈)𝑊4(𝑋, 𝑌)𝑍,                                        (5.1) 

where 𝐵 is a non-zero 1-form. 

Theorem 5.1 A W4-recurrent para-Kenmotsu manifold with R(X, Y)W4(Z, U)V = 0 and 𝑔(𝑍, 𝑈)𝑅′(𝑋, 𝑌, 𝑍, 𝜉) −
𝑔(𝑈, 𝑉)𝑅′(𝑋, 𝑌, 𝑍, 𝜉) = 0 is a W4-symmetric and a semi-symmetric space.  

Proof. From (5.1), we have 

 

𝛻𝑈𝑊4(𝑋, 𝑌)𝑍 = 𝐵(𝑈)𝑊4(𝑋, 𝑌)𝑍, 
 

⇒ ∇XW4(Z, U)V = R(X, Y)W4(Z, U)V-W4(R(X, Y)Z, U)V-W4(Z, R(X, Y)U)V-W4(Z, U)R(X, Y)V.      

                                                                                     (5.2)  

But we are given  

    𝑅(𝑋, 𝑌)𝑊4(𝑍, 𝑈)𝑉 = 0. (semi-symmetric space) 

This implies that we are left to show that the relation is symmetric under the stated conditions. Therefore, (5.2) becomes 

𝛻𝑈𝑊4(𝑋, 𝑌)𝑍 = 𝐵(𝑈)𝑊4(𝑋, 𝑌)𝑍 = 0, , 
 

and from the definition (4.1), the claim is proved. 

6. Conclusion 
We have proved that a 𝑊4 −flat para-Kenmotsu manifold is flat and that a 𝑊4 −semi-symmetric and 𝑊4 −symmetric para-

Kenmotsu manifold is 𝑊4 −flat. This means that a 𝑊4 −semi-symmetric and 𝑊4 −symmetric manifold is flat. We have also 

proved that a 𝑊4 −recurrent para-Kenmotsu manifold is 𝑊4 −symmetric and semi-symmetric provided that 

R(X, Y)W4(Z, U)V = 0 and 𝑔(𝑍, 𝑈)𝑅′(𝑋, 𝑌, 𝑍, 𝜉) − 𝑔(𝑈, 𝑉)𝑅′(𝑋, 𝑌, 𝑍, 𝜉) = 0.  Therefore, we conclude that a 𝑊4 −recurrent 

para-Kenmotsu manifold satisfying the above condition is a flat manifold. 

 
Acknowledgments  

It is our pleasure to thank the referees for their comments and advice during the writing of this paper. 

 



Stephen K. Moindi & Bernard M. Nzimbi / IJMTT, 68(11), 73-78, 2022 

 

78 

References  
[1] T. Adati and K. Matsumoto, “On Conformally Recurrent and Conformally Symmetric 𝑃− Sasakian Manifolds”, TRU Math, vol. 13, pp. 

25-32, 1977.  

[2] T. Adati and T. Miyazawa, “On Paracontact Riemannian Manifolds,” TRU Math, vol. 13, no. 2, pp.  27-39, 1977.  

[3] K. De and U. C. De, “Conharmonic Curvature Tensor on Kenmotsu Manifolds,” Bulletin of the Transilvania University of Bra¸sov , vol. 

6(55),  no. 1, pp. 9-22, 2013. 

[4] U. C. De and N. Guha, “On Conharmonic Recurrent Sasakian Manifold,” Indian Journal Mathematics, vol. 34, pp. 209-215, 1992. 

[5] K. Kenmotsu, “A Class of Almost Riemannian Manifolds,” Tohoku Mathematical Journal, vol. 24, no. 1, pp. 25-32, 1972. Crossref, 

https://doi.org/10.2748/tmj/1178241594 

[6] Jaeman Kim, “On W4-Birecurrent Manifolds,” Honam Mathematical Journal, vol. 36 no. 4, pp. 723-730 , 2014. Crossref, 

https://doi.org/10.5831/HMJ.2014.36.4.723 

[7] Jaeman Kim, “On Pseudo 𝑊4-Symmetric Manifolds,” Honam Mathematical Journal, vol. 38, no. 1, pp. 34-45, 2016. Crossref, 

https://doi.org/10.5831/HMJ.2016.38.1.39 

[8] D. T. Leyson and R. S. Lemence, “On 4W -Flatness of Some Classes of Generalizations of Einstein Manifolds,” International Journal 

of Mathematical Analysis, vol. 8 no. 18, pp. 1881-889, 2014. ---the paper is not in that journal 

[9] Abhijit Mandal, and Ashis Biswas, “Some Curvature Properties of Para-Kenmotsu Manifolds with Respect to Zamkovoy Connection,” 

Journal of Hyperstructures, vol. 11, no. 1, pp. 166-182, 2022. 

[10] M. Manev and M. Staikova, “On Almost Paracontact Riemannian Manifolds of Type ( , )n n ,” Journal of Geometry, vol. 72, no. 1, pp. 

108-114, 2001. Crossref, https://doi.org/10.1007/s00022-001-8572-2 

[11] Neelam Pandey, Mayank Pandey, and R. N. Singh, “Space-Time Admitting 4W -Curvature Tensor,” Journal of International Academy 

of Physical Sciences, vol. 25, no. 1, pp. 25-35, 2021. 

[12] Pokhariyal, G. P., Mishra, R. S., “Curvature Tensors and Their Relativistic Significance III,” The Yokohama Mathematical journal, vol. 

20, pp. 105-108, 1973. 

[13] G. P. Pokhariyal, “Curvature Tensors In Riemannian Manifold II,” Proceedings of the Indian Academy of Sciences - Section A, vol. 79, 

pp. 105-110, 1974. Crossref, https://doi.org/10.1007/BF03046662 

[14] G. P. Pokhariyal, “On Symmetric Sasakian Manifold,” Kenya Journal Science Series A , vol. (1-2), pp. 39-42, 1988. 

[15] G. P. Pokhariyal, “Curvature Tensors in a Lorentzian Para-Sasakian Manifold,” Quaestiones Math, vol. 19, no. 12 , pp. 129-136, 1996. 

[16] G. P. Pokhariyal and R. S. Mishra, “Curvature Tensors and Their Relativistic Significance II,” Yokohama Mathematical  Journal, vol. 

19, no. 2, pp. 97-103, 1971. 

[17] K. L. Sai Prasad, S. Sunitha Devi, and G. V. S. R. Deekshitulu, “On a Class of P-Kenmotsu Manifolds Admitting Weyl-Projective 

Curvature Tensor of Type (1,3),” Turkish Journal of Analysis and Number Theory, vol. 6, no. 6, pp. 155-158, 2018. Crossref, 

https://doi.org/0.12691/tjant-6-6-2 

[18] S. Sasaki, “On Paracontact Riemannian Manifolds,” TRU Math, vol. 16-2, pp. 75-86, 1980.  

[19] T. Sato, “On Structure Similar to the Almost-Contact Structure,” Tensor (N.S), vol. 30, pp. 219-224, 1976. 

[20] T. Satyanarayana and K. L. Sai Prasad, “On a Type of Para-Kenmotsu Manifold,” Pure Mathematical Sciences, vol.  2, no. 4, pp. 165-

170, 2013. 

[21] T. Satyanarayana and K. L. Sai Prasad, “On Semi-Symmetric Para-Kenmotsu Manifolds,” Turkish Journal of Analysis and Number 

Theory, vol. 3, no. 6, pp. 145-148, 2015. Crossref, https://doi.org/10.12691/tjant-3-6-1 

[22] B. B. Sinha and K. L. Sai Prasad, “A Class of Almost Contact Metric Manifolds,” Bulletin of the Calculatta Mathematical  Society, vol. 

87, pp. 307-312, 1995.  

[23] B. B. Sinha and K. L. Sai Prasad, “A Class of Almost Para-Contact Metric Manifolds,” Bulletin of the Calculatta Mathematical  Society 

Society, vol. 87, pp. 307-312, 1995. 

[24] Z. I. Szabo, “Structure Theorems on Riemannian Spaces Satisfying ( , ) 0R X Y R = ,” Geometriae Dedicata, vol.  19, pp. 65-108, 

1985. Crossref, https://doi.org/10.1007/BF00233102 

[25] Simeon Zamkovoy, “On Para-Kenmotsu Manifolds,” Filomat, vol. 32, no. 14, pp. 4971-4980, 2018. 

 

https://doi.org/10.2748/tmj/1178241594
https://doi.org/10.5831/HMJ.2014.36.4.723
https://doi.org/10.5831/HMJ.2016.38.1.39
https://doi.org/10.1007/s00022-001-8572-2
https://doi.org/10.1007/BF03046662
https://doi.org/0.12691/tjant-6-6-2
https://doi.org/10.12691/tjant-3-6-1
https://doi.org/10.1007/BF00233102

