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1. Introduction  

The concircular curvature tensor is an important (1, 3) type curvature tensor from the Riemannian point of view. Let us 
consider M  t o  be a (2n + 1)-dimensional Riemannian manifold. The transformation for every geodesic circle of M into 
a geodesic circle is called a concircular transformation [1], [2]. In [2], W. Kuhnel found that a concircular transformation is 
always a conformal transformation. In 1940, K. Yano [1] introduced the concircular curvature tensor 𝒁defined by: [1] 

                            𝑍(𝑋,𝑌)𝑊 = 𝑅(𝑋,𝑌)𝑊 −
௥

ଶ௡(ଶ௡ାଵ)
[𝑔(𝑌,𝑊)𝑋 − 𝑔(𝑋,𝑊)𝑌]                                (1)   

                     
For X, Y, W ∈ T (M), and r is the scalar curvature. Riemannian manifolds with vanishing concircular curvature tensor 

are of constant curvature. We define 𝑍, the concircular curvature tensor with respect to a semi-symmetric non-metric 
connection. 

                           𝑍(𝑋, 𝑌)𝑊 = 𝑅(𝑋, 𝑌)𝑊 −
௥

ଶ௡(ଶ௡ାଵ)
[𝑔(𝑌,𝑊)𝑋 − 𝑔(𝑋,𝑊)𝑌]                            (2) 

 
In [3], A. Barman studied N (k)-contact metric manifolds admitting a type of semi-Symmetric non-metric 

connection. Let M be an (2n+1)-dimensional Riemannian manifold with Levi-Civita connection 𝛻. The semi-symmetric 
non-metric connection 𝛻 is given by [3] 

                                                               𝛻௑𝑌 = 𝛻௑𝑌 + 𝜂(𝑌)𝑋                             (3) 

The torsion tensor T with respect to  𝛻 is given by: 

                                             𝑇(𝑋, 𝑌) = 𝛻௑𝑌 − 𝛻௒𝑋 − [𝑋, 𝑌] = 𝜂(𝑌)𝑋 − 𝜂(𝑋)𝑌                             (4) 

Thus, equation (4) defines a semi-symmetric connection. 
 

Using (3), it follows 
                           (𝛻௎௚)(𝑋, 𝑌) = −𝜂(𝑋)𝑔(𝑌, 𝑈) − 𝜂(𝑌)𝑔(𝑋, 𝑌) ≠ 0                             (5) 

 

The connection 𝛻 satisfying (4) and (5) is a type of semi-symmetric non-metric connection. The curvature tensors R̄ 

and R are related by [3]: 
 

𝑅(𝑋, 𝑌)𝑍 = 𝑅(𝑋, 𝑌)𝑍 + 𝑔(𝑋, 𝜑𝑍)𝑌 + 𝑔(ℎ𝑋, 𝜑𝑍)𝑌 − 𝜂(𝑋)𝜂(𝑍)𝑌 − 𝑔(𝑌, 𝜑𝑍)𝑋 − 𝑔(ℎ𝑌, 𝜑𝑍)𝑋 + 𝜂(𝑌)𝜂(𝑍)𝑋 
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In the present paper, it will be organized as follows: In Section 2, some preliminary results and the definitions that will 
be needed further are presented. In Section 3, study of the concircular curvature tensor on N (k)-contact manifolds with 
respect to a semi-symmetric non-metric connection which is ξ-concircularly flat. Section 4 is devoted to the study of 
φ-concircularly N (k)-contact manifolds with respect to a semi-symmetric non-metric connection. 
 

In Section 5, studied concircularly pseudo symmetric N (k)-contact manifolds with respect to a semi-symmetric non-metric 
connection and obtained that the manifold is ξ concircular. 

 
2. Preliminaries 

A (2n + 1)-dimensional smooth manifold M is said to be a contact manifold if it admits a global differentiable 1-form 
η which satisfies the condition. 

                                                                         𝜂 ∧ (𝑑𝜂)ఎ ≠ 0 

Everywhere on M. Also, a contact manifold admits an almost contact structure (ϕ, ξ, η), where ϕ is a (1, 1) tensor field, 
ξ is a characteristic vector field, and η is a global 1-form such that 

 
𝜑ଶ = −1 + 𝜂 ⊗ 𝜉,  𝜂(𝜉) = 1,  𝜑𝜉 = 0,  𝜂𝜊𝜑 = 0                             (6) 

 

An almost contact structure is said to be normal if the induced almost contact structure J on the product manifold M 
× R is defined by 

𝐽(𝑋, 𝜆
𝑑

𝑑𝑡
) = (𝜑𝑋 − 𝜆𝜉, 𝜂 ⊗

𝑑

𝑑𝑡
) 

 
is integrable, where X is tangent to M, t is the coordinate on R, and λ is a smooth function on M × R. The condition 
that the almost contact metric structure is normal is equivalent to the vanishing of the torsion tensor 
 

[φ + φ] + 2dη⊗ ξ, 
 
where [ϕ, ϕ] is the Nijenhuis tensor of ϕ. 
 
Let g be the compatible Riemannian metric with the almost contact structure (ϕ, ξ, η), that is, 
 

g(φX,φY) = g(X, Y) − η(X)η(Y),  g(X, ξ) = η(X), g(X, φY) = −g(φX, Y)                        (7) 

 

for all vector fields X, Y ∈ T (M). A manifold M together with this almost contact metric structure is called an almost 
contact metric manifold and denoted by M (ϕ, ξ, η, g). An almost contact metric structure reduces to a contact metric 
structure 

𝑔(𝑋, 𝜑𝑌) = 𝑑𝜂(𝑋, 𝑌). 

Moreover, if 𝛻 denotes the Riemannian connection of g, then the following relation holds: 

                                                      𝛻௑𝜉 = −𝜑𝑋 − 𝜑ℎ𝑋,                        (8)  

Where h is a (1, 1)-tensor field associated with the structure. 
 

Now, we discuss the notion of an N (k)-contact metric manifold. Tanno [4] introduced the k-nullity distribution on a 
contact metric manifold. The k-nullity distribution N (k) of a Riemannian manifold is defined by 

 

  𝑁(𝑘): 𝑝 → 𝑁௣(𝑘) = {𝑈 ∈ 𝑇௣(𝑀)|𝑅(𝑋,𝑌)𝑈 = 𝑘(𝑔(𝑌,𝑈)𝑋 − 𝑔(𝑋,𝑈)𝑌)}         ( 9 )  

for any X, Y, U ∈ T (M ) and constant k, where R denotes the Riemannian curvature tensor and T (M ) is the tangent space 
of M 2n+1 at any point p ∈ M. If the characteristic vector field ξ of a contact metric manifold belongs to the k-nullity 
distribution, then the relation 
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                                                                            𝑅(𝑋, 𝑌)𝜉 = 𝑘[𝜂(𝑌)𝑋 − 𝜂(𝑋)𝑌]                     (10) 

 

holds. A contact metric manifold with ξ ∈ N (k) is called an N (k)-contact metric manifold. If (11) holds on an N (k)-
contact metric manifold, it becomes a contact metric manifold. From (10) and (11), it follows that an N (k)-contact metric 
manifold is a Sasakian manifold if and only if k = 1. There are many authors who have studied N (k)-contact metric 
manifolds. P. Majhi and UC De [6] studied N (k)-contact metric manifolds satisfying certain curvature conditions on the 
projective curvature tensor. N (k)-contact metric manifolds have also been studied by other authors such as Izgur and Sular 
[6], Ghosh, De, and Taleshian [7], Blair, Konfogiorgos, and Papantoniou [8], Blair [9],[10], and De and Gazi [11]. In an 
N (k)-contact metric manifold, the following relations hold [8][9]: 

(𝛻௑ఝ)𝑌 = 𝑔(𝑋 + ℎ𝑋, 𝑌)𝜉 − 𝜂(𝑌)(𝑋 + ℎ𝑋),   (11) 

 
             (𝛻௑ఎ)(𝑌) = 𝑔(𝑋 + ℎ𝑋, 𝜑𝑌), (12) 

 
       𝑅(𝜉, 𝑋)𝑌 = 𝑘[𝑔(𝑋, 𝑌)𝜉 − 𝜂(𝑌)𝑋], (13) 

 
         𝑅(𝑋, 𝑌)𝜉 = 𝑘[𝜂(𝑌)𝑋 − 𝜂(𝑋)𝑌], (14) 

 
           𝑟 = 2𝑛(2𝑛 − 2 + 𝑘),               (15) 

 
       𝑆(𝑋, 𝑌) = 2(𝑛 − 1)𝑔(𝑋, 𝑌) + 2(𝑛 − 1)𝑔(ℎ𝑋, 𝑌) + [2𝑛𝑘 − 2(𝑛 − 1)]𝜂(𝑋)𝜂(𝑌); 𝑛 ≥ 1, (16) 

 
        𝑆(𝜑𝑋, 𝜑𝑌) = 𝑆(𝑋, 𝑌) − 2𝑛𝑘𝜂(𝑋)𝜂(𝑌) − 4(𝑛 − 1)𝑔(ℎ𝑋, 𝑌), (17) 

 
             𝑆(𝑌, 𝜉) = 2𝑛𝑘𝜂(𝑌), (18) 

 
      𝑅(𝑋, 𝑌)𝑍 = 𝑘[𝑔(𝑌, 𝑍)𝜂(𝑋) − 𝑔(𝑋, 𝑍)𝜂(𝑌)], (19) 

 

(𝛻௫ℎ)𝑌 = [(1 − 𝑘)𝑔(𝑋, 𝜑𝑌) + 𝑔(𝑋, ℎ𝜑𝑌)]𝜉 + 𝜂(𝑌)[ℎ(𝜑𝑋 + 𝜑ℎ𝑋)].                                         (20) 

 

Here, R and S are the curvature tensor and Ricci tensor, respectively, with respect to the Levi-Civita connection. The 
idea of a semi-symmetric connection on a Riemannian manifold (M, g) was studied by Hayden [12] in 1932. If 𝛻෨𝑔 = 0then 
the semi-symmetric connection is said to be a semi-symmetric metric connection. After a long gap, Prvanovic [13] 
initiated the study of a  semi-symmetric connection 𝛻෨  s a t i s f y i n g  

 
                                            𝛻෨𝑔 ≠ 0,                         ( 2 1 )  

 
with the name pseudo metric semi-symmetric connection, and was followed by Andonie[14]. If (22) holds,  a semi-

symmetric connection 𝛻෨  becomes a semi-symmetric non-metric connection. Agashe and Chafle [15] in 1992 studied a semi-
symmetric non-metric connection𝛻, whose torsion tensor 𝑇satisfies. They proved that the projective curvature tensor of the 
manifold with respect to these connections is equal to each other. Further, semi-symmetric non-metric connections have been 
developed by several other authors, such as Liang [16], De and Kamilya [17], Barman [18],[19], Barman and De [20], De 
and Biswas [21], and many others. A. Barman [3] studied N (k)-contact metric manifolds admitting a type of semi-symmetric 
non-metric connection and gave the following proposition: 

 
Proposition (2.1) For an N (k)-contact metric manifold M with respect to the semi-symmetric non-metric connection, 𝛻the 

curvature tensor R̄ is given by 
 

𝑅(𝑋, 𝑌)𝑍 = 𝑅(𝑋, 𝑌)𝑍 + 𝑔(𝑋, 𝜑𝑍)𝑌 + 𝑔(ℎ𝑋, 𝜑𝑍)𝑌 − 𝜂(𝑋)𝜂(𝑍)𝑌 − 𝑔(𝑌, 𝜑𝑍)𝑋 − 𝑔(ℎ𝑌, 𝜑𝑍)𝑋 + 𝜂(𝑌)𝜂(𝑍)𝑋                (22) 
 

The Ricci tensor S̄ is given by 
       𝑆(𝑌, 𝑍) = 𝑆(𝑌, 𝑍) − 2𝜂𝑔(𝑌,𝜑𝑍) − 2𝜂𝑔(ℎ𝑌,𝜑𝑍) + 2𝜂𝜂(𝑌)𝜂(𝑍),               (23) 
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                   𝑅(𝜉, 𝑌)𝑍 = 𝑘𝑔(𝑌, 𝑍)𝜉 − (𝑘 + 1)𝜂(𝑍)𝑌 − 𝑔(𝑌, 𝜑𝑍)𝜉 − 𝑔(ℎ𝑌, 𝜑𝑍)𝜉 + 𝜂(𝑌)𝜂(𝑍)𝜉,                     (24) 

With the symmetry property 

𝑅(𝑋, 𝑌)𝑍 = 𝑅(𝑌, 𝑋)𝑍,                     (25) 

The scalar curvature 𝑟 is given by 

𝑟 = 𝑟 + 2𝑛,                    (26) 

The Ricci tensor S̄ is symmetric and satisfies 
                                                                 𝑆(𝑌, 𝜉) = 2𝑛(𝑘 + 1)𝜂(𝑌) = 𝑆(𝜉,𝑌),                                                  (27) 

                   
                                        (𝛻௎ఎ)(𝑋) = 𝑔(𝑈,𝜑𝑋) + 𝑔(ℎ𝑈,𝜑𝑋) − 𝜂(𝑋)𝜂(𝑈).                      (28) 

 
3. Concircular Curvature Tensor on N(k)-Contact Metric Manifolds with Respect to Semi-
Symmetric Non-Metric Connection 
Definition [3.1] The generalized concircular curvature tensor on an N (k)-contact metric manifold with 
respect to a semi-symmetric non-metric connection is defined 
       

   𝑍(𝑋, 𝑌)𝑊 = 𝑅(𝑋, 𝑌)𝑊 −
௥

ଶ௡(ଶ௡ାଵ)
[𝑔(𝑌,𝑊)𝑋 − 𝑔(𝑋,𝑊)𝑌].                                    (29) 

 

Like the definition of a ξ-conformally flat contact metric manifold  [ 2 2 ] , we define a ξ-concircularly flat N (k)-
contact metric manifold  
Definition [3.2] An N (k)-contact metric manifold M with respect to a semi-symmetric non-metric connection is 
called ξ-concircularly flat if Z(X, Y) ξ = 0 holds on M. Put W = ξ in, and using equations (7) and (23), we obtain 

                                            

       ቂ
ଶ(௡௞ାଵ)

ଶ௡ାଵ
ቃ [𝜂(𝑌)𝑋 − 𝜂(𝑋)𝑌] = 0                                          (30) 

Now, [𝜂(𝑌)𝑋 − 𝜂(𝑋)𝑌] ≠ 0in a contact metric manifold, in general. Therefore, from (30), 
 

                                                                   𝑘 = −
ଵ

௡
.                                                                           (31) 

 
Since k = −1 leads to n = 1, and M2n+1 must be non-Sasakian. Thus, we can state the following theorem:   
 
Theorem[3.1] If a non-Sasakian N(k)-contact metric manifold M with respect to a semi-symmetric non-metric connection 

is ξ-concircularly flat, then 𝑘 = −
ଵ

௡
 and 𝑟 = 2𝑛(2𝑛 + 1)(𝑘 + 1).  

 
Since,  M-concircularly flat N (k)-contact metric manifold is always ξ-M-concircularly flat. 
 
We have the following corollary: 
 
Corollary[3.1] In a M-conicularly flat non-saskian N(k)-contact metric manifold M with respect to a semi–symmetric non-

metric connection, we have 𝑘 = −
ଵ

௡
 and 𝑟 = 2𝑛(2𝑛 + 1)(𝑘 + 1). 

 
4. ϕ-Concircularly Semi-symmetric N(k)-Contact Metric Manifolds With Respect To Non-Metric 
Connection 
Definition [4.1] A N (k)-contact metric manifold is said to be ϕ-concircularly semi-symmetric if(𝑍(𝑋, 𝑌). 𝜑)𝑊 = 0, for 
all smooth vector fields X, Y, W. In this section, we deal with φ-concircularly semi-symmetric N (k)-contact metric 
manifolds. Suppose 
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                                                                  (𝑍(𝑋, 𝑌). 𝜙)𝑊 = 0, 
Then, 

                                                            𝑍(𝑋, 𝑌)𝜙𝑊 − 𝜙(𝑍(𝑋, 𝑌)𝑊) = 0.                                                        (32) 
 

Putting Y = W = ξ in the above equation and using (6) and (22) yields 
 

                                                       ቂ1 −
௥

ଶ௡(ଶ௡ାଵ)
ቃ (𝜙𝑋) = 0                                                         (33) 

 
Taking t he  inner product with Y in (33) yields                                          
                                           ቂ1 − ௥

ଶ௡(ଶ௡ାଵ)
ቃ 𝑔(𝜙𝑋, 𝑌) = 0. 

 
Since 𝑔(𝜙𝑋, 𝑌) ≠ 0. It is a  non-Sasakian N (k)-contact metric manifold. Therefore, we have  
 

                                                                  𝑟 = 2𝑛(2𝑛 + 1)                                                       (34) 

 
Using (26) in (34), we get                         𝑟 = 4𝑛ଶ 
 
Hence, we can state the following theorem 
 
Theorem 4.1. If a (2n + 1) dimensional (n > 1) N (k)-contact metric manifold M is 𝜙concircularly semi-symmetric, 
then the scalar curvature is r = 4n2. 

5. Concircularly Pseudo-symmetric N (k)-Contact Manifolds With Respect To Semi-symmetric 
Non-metric Connection 

A Riemannian manifold is said to be pseudo-symmetric [ 2 3 ]  if at every point of the manifold the following 
relation holds: 

                                                (𝑅(𝑋, 𝑌). 𝑅)(𝑈, 𝑉)𝑊 = 𝐿ோ((𝑋 ∧ 𝑌). 𝑅)(𝑈, 𝑉)𝑊                           

for any vector fields X, Y, U, V, W ∈ T (M), where LR is a function on M. 
 
The endomorphism (X ∧ Y) is defined by 

                                    (𝑋 ∧ 𝑌)𝑍 = 𝑔(𝑌, 𝑍)𝑋 − 𝑔(𝑋, 𝑍)𝑌 (35) 

Now, a Riemannian manifold is said to be concircularly pseudo-symmetric if it satisfies the condition 
                         

   (𝑅(𝑋, 𝑌). 𝑍)(𝑈, 𝑉)𝑊 = 𝐿௓൫(𝑋 ∧ 𝑌). 𝑍൯(𝑈, 𝑉)𝑊.                                                       (36) 
 

where 𝐿௓is a function on M. where 𝐿௓𝑓 ≠ (𝑘 + 1) is a function on M. Let us suppose that an N (k)-contact metric 
manifold with respect to a semi-symmetric non-metric connection satisfies the condition 

                                  (𝑅(𝑋, 𝑌). 𝑍)(𝑈, 𝑉)𝑊 = 𝐿௓൫(𝑋 ∧ 𝑌). 𝑍൯(𝑈, 𝑉)𝑊.                                                      (37) 

Putting Y = W = ξ in (37), we have 

                                ൫𝑅(𝑋, 𝜉). 𝑍൯(𝑈, 𝑉)𝜉 = 𝐿௓൫(𝑋 ∧ 𝜉). 𝑍൯(𝑈, 𝑉)𝜉                                                      (38) 

Now, the right-hand side of (38) is given by 

 𝐿௓൫(𝑋 ∧ 𝜉). 𝑍൯(𝑈, 𝑉)𝜉 = 𝐿௓ൣ(𝑋 ∧ 𝜉)𝑍(𝑈, 𝑉)𝜉 − 𝑍((𝑋 ∧ 𝜉)𝑈, 𝑉)𝜉 − 𝑍(𝑈, (𝑋 ∧ 𝜉)𝑉)𝜉 − 𝑍(𝑈, 𝑉)(𝑋 ∧ 𝜉)𝜉൧.                    (39) 

 In view of (2), the concircular curvature tensor with respect to the semi-symmetric non-metric connection of an (2n 
+ 1)-dimensional N (k)-contact manifold is  
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                                     𝑍(𝑋,𝑌)𝑊 =
௥

ଶ௡(ଶ௡ାଵ)
[𝑔(𝑌,𝑊)𝑋 −𝑔(𝑋,𝑊)𝑌], 

Where 𝑋, 𝑌, 𝑍 ∈ 𝑇(𝑀). 

  Using (2), (6), (22), and (36) in (39), we have 

                    𝑍൫(𝑋 ∧ 𝜉). 𝑍൯(𝜉, 𝑉)𝜉 = −𝐿௓ൣ𝑍(𝑋, 𝑉)𝜉 + 𝜂(𝑉)𝑍(𝜉, 𝑋)𝜉 − 𝜂(𝑋)𝑍(𝜉, 𝑉)𝜉. ൧                                                  (40) 

Further, the left-hand side of (38) is given as 

 
    ൫𝑅(𝑋, 𝜉). 𝑍൯(𝑈, 𝑉)𝜉 = 𝑅(𝑋, 𝜉)𝑍(𝑈, 𝑉)𝜉 − 𝑍൫𝑅(𝑋, 𝜉)𝑈, 𝑉൯𝜉 − 𝑍൫𝑈, 𝑅(𝑋, 𝜉)𝑉൯𝜉 − 𝑍(𝑈, 𝑉)𝑅(𝑋, 𝜉)𝜉.    (41)  

 
Using (2), (6), and (22) in (41), we have ൫𝑅(𝑋, 𝜉). 𝑍൯(𝜉, 𝑉)𝜉 = −(𝑘 + 1)ൣ𝑍(𝑋, 𝑉)𝜉 + 𝜂(𝑉)𝑍(𝜉, 𝑋)𝜉 − 𝜂(𝑋)𝑍(𝜉, 𝑉)𝜉൧.    

(42)  
Using (40) and (42) in (38) yields   

(𝐿௓ − (𝑘 + 1))ൣ𝑍(𝑋, 𝑉)𝜉 + 𝜂(𝑉)𝑍(𝜉, 𝑋)𝜉 − 𝜂(𝑋)𝑍(𝜉, 𝑉)𝜉൧ = 0                                                                     (43) 
 

 By assumption𝐿௓𝑓 ≠ (𝑘 + 1), we get  

𝑍(𝑋, 𝑉)𝜉 + 𝜂(𝑉)𝑍(𝜉, 𝑋)𝜉 − 𝜂(𝑋)𝑍(𝜉, 𝑉)𝜉 = 0.   (44)  
 
Hence, we can state the following theorem. 
 
Theorem [5.1] If a (2n + 1)-dimensional (n > 1) N (k)-contact metric manifold M with respect to a  semi-symmetric non-
metric connection is concircularly pseudo symmetric, then 

𝑍෨(𝑋, 𝑉)𝜉 + 𝜂(𝑉)𝑍෨(𝜉, 𝑋)𝜉 − 𝜂(𝑋)𝑍෨(𝜉, 𝑉)𝜉 = 0. 

Using (2), (7), and (10) in (45), we obtain 

                            𝑍(𝑋, 𝑉)𝜉 =
ଶ(௡௞ାଵ)

ଶ௡ାଵ
[𝜂(𝑉)𝑋 − 𝜂(𝑋)𝑉].                                                                (45) 

where𝜉 ∈ 𝑁(𝑘). the manifold is ξ-concircular.  
 
Hence, we have the following theorem. 

Theorem [5.2] If a (2n + 1)-dimensional (n > 1) N (k)-contact metric manifold M with respect to a semi-symmetric non-
metric connection is concircularly pseudo symmetric, then the manifold is ξ-concircular. 

  References  
[1] Kentaro Yano, “ Concircular Geometry I. Concircular Transformations,” Proceedings of the Imperial Academy, vol. 16, no. 6, pp. 

195-200, 1940. [CrossRef] [Google Scholar] [Publisher Link] 
[2] Wolfgang Kühnel,  “Conformal Transformations between Einstein Spaces,” Conformal Geometry, pp. 105-146, 1988. [CrossRef] 

[Google Scholar] [Publisher Link] 
[3] Ajit Barman, “On N(k)-Contact Metric Manifolds Admitting a Type of Semi-Symmetric Non-Metric Connection,” Acta 

Mathematica Universitatis Comenianae, vol. 86, no. 1, pp. 81-90, 2017. [Google Scholar] [Publisher Link] 
[4] Shukichi Tanno, “Ricci Curvatures of Contact Riemannian Manifolds,” Tohoku Mathematical Journal, vol. 40, no. 3, pp. 441-448, 

1988. [CrossRef] [Google Scholar] [Publisher Link] 
[5] Pradip Majhi, and U.C. De, “ Classifications of N(k)-Contact Metric Manifolds Satisfying Certain Curvature Conditions,” Acta 

Mathematica Universitatis Comenianae, vol. 84, no. 1, pp. 167-178, 2015. [Google Scholar] [Publisher Link] 
[6] Cihan Özgür, and Sibel Sular, “ On N(k)-Contact Metric Manifolds Satisfying Certain Conditions,” SUT Journal of Mathematics, 

vol. 44, no. 1, pp. 89-99, 2008. [CrossRef] [Google Scholar] [Publisher Link] 
[7] Sujit Ghosh, U.C. De, and A. Taleshian, “ Conharmonic Curvature Tensor on N(K) - Contact Metric Manifolds,” International 

Scholarly Research Notices, vol. 2011, no. 1, pp. 1-11, 2011. [CrossRef] [Google Scholar] [Publisher Link] 
[8] David E. Blair, Themis Koufogiorgos, and Basil J. Papantoniou, “ Contact Metric Manifolds Satisfying A Nullity Condition,” 

Israel Journal of Mathematics, vol. 91, no. 1, pp. 189-214, 1995. [CrossRef] [Google Scholar] [Publisher Link] 



Gajendra Nath Tripathi / IJMTT, 72(2), 39-45, 2026 
 

45 

[9] David E. Blair, “On the Space of Riemannian Metrics on Surfaces and Contact Manifolds,” Geometry and Differential Geometry, 
pp. 203-212, 2006. [CrossRef] [Google Scholar] [Publisher Link] 

[10] David E Blair, Riemannian Geometry of Contact and Symplectic Manifolds, 2010. [CrossRef] [Google Scholar] [Publisher Link] 
[11] Uday Chand De and Abdul Kalam Gazi. “On φ-Recurrent N(k)-Contact Metric Manifolds,” Mathematical Journal of Okayama 

University, vol. 50, no. 2008, pp. 101-112, 2008. [Google Scholar] [Publisher Link] 
[12] H.A. Hayden, “Sub-Spaces of a Space with Torsion,” Proceedings of the London Mathematical Society, vol. 2, no. 1, pp. 27-50, 

1932. [CrossRef] [Google Scholar] [Publisher Link] 
[13] M Prvanovic, “ On Pseudo Metric Semi-Symmetric Connections,” Publications De L’Institut Mathematique, Nouvelle series, vol. 

18, no. 32, 157-164, 1975. [Google Scholar] [Publisher Link] 
[14] O.C. Andonie, “On Semi-Symmetric Non-Metric Connection on a Riemannian Manifold,” Annals of the Faculty of Sciences. 

Mathematics-Physics Section, vol. 2, 1976. [Google Scholar] 
[15] Nirmala S. Agashe. “A Semi-Symmetric Non-Metric Connection on a Riemannian Manifold,” Indian Journal of Pure and Applied 

Mathematics, vol. 23, pp. 399-409, 1992. [Google Scholar] 
[16] Yixing Liang, “On Semi-Symmetric Recurrent-Metric Connection,” Tensor, vol. 55, no. 2, pp. 107-112, 1994. [Google Scholar] 
[17] U.C. De, and D. Kamilya. “ Hypersurfaces of a Riemannian Manifold With Semi Symmetric Non-Metric Connection,” Journal of the 

Indian Institute of Science, vol. 75, no. 6, pp. 707, 1995. [Google Scholar] [Publisher Link] 
[18] Ajit Barman, “ A Special Type of Quarter-Symmetric Non-Metric Connection on P-Sasakian Manifolds,” Bulletin of the 

Transilvania University of Brasov, Series III: Mathematics and Computer Science, pp. 11-22, 2018. [Google Scholar] [Publisher 
Link] 

[19] Ajit Barman. “ A Type of Semi-Symmetric Non-Metric Connection on Non-Degenerate Hypersurfaces of Semi-Riemannian Manifolds,” 
Facta Universitatis, Series: Mathematics and Informatics, vol. 29, no. 1, pp. 13-23, 2014. [Google Scholar] [Publisher Link] 

[20] Ajit Barman, and U.C. De, “ Semi-Symmetric Non-Metric Connections on Kenmotsu Manifolds,” Romanian Journal of 
Mathematics and Computer Science, vol. 5, pp. 13-24, 2014. [Google Scholar] 

[21] U.C. De, and S. C. Biswas, “ On a Type of Semi-Symmetric Non-Metric Connection on a Reimannian Manifold,” Istanbul University 
Science Faculty the Journal of Mathematics Physics and Astronomy, vol. 53, pp. 37-41, 1996. [Google Scholar] [Publisher Link] 

[22] K. Arslan, C. Murathan, and Cozgur,  “On  - Conformally Flat Contact Metric Manifolds,” Balkan Journal of Geometry and Its 

Application, vol. 5, no. 2, pp. 1-7, 2000. [Google Scholar]  
[23] Ryszard Deszcz, and Marian Hotlos, “ On Some Pseudosymmetry Type Curvature Condition,” Tsukuba Journal of Mathematics, 

pp. 13-30, 2003. [Google Scholar] 

 


