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De, Shaikh and Sengupta introduced the notion of LP-Sasakian manifolds with coefficient α which 
generalized the notion of LP-Sasakian manifolds. Recently, Ikawa and his coauthors studied Sasakian 
manifolds with Lorentzian metric and obtained several results in this manifold. The object of the 

paper is to steady pseudo       flat LP-Sasakian manifolds with coefficient α.       
 

Key words: LP-Sasakian manifold; Lorentzian metric; Coefficient α. 

Corresponding author: R. Kumar 
Phone: +91-9436352231  
E-mail:  rajesh_mzu@yahoo.com     

www.sciencevision.org 
Sci Vis 12 (1), 17-21 
January-March 2012 

ISSN (print) 0975-6175 
ISSN (online) 2229-6026  

INTRODUCTION 

 
Let 𝑀  be the 𝑛 -dimensional differential 

manifold endowed with a (1,1) tensor field 𝜙,a 
contravariant vector field ξ, a covariant vector 

field η and a Lorentzian metric 𝑔 of type (0,2) 

such that for each 𝑝𝜖𝑀, the tensor  𝑔𝑝 :𝑇𝑝𝑀 ×

𝑇𝑝𝑀 → 𝑅  is a non-degenerate inner product of 

signature (−, +, +,… , +), where 𝑇𝑝𝑀 denote the 

tangent vector space of 𝑀 at 𝑝 and 𝑅 is the real 
number space, which satisfies 

 

𝜂 ξ = −1 , 𝜙2𝑋 = 𝑋 + 𝜂 𝑋 ξ,                 … (1.1) 

𝑔 𝑋, ξ = 𝜂 𝑋 , 𝑔 𝜙𝑋, 𝜙𝑌 = 𝑔 𝑋,𝑌 +
𝜂 𝑋 𝜂 𝑌    … (1.2) 

 
for all vector field X, Y. Then such a structure 

 𝜙, 𝜉, 𝜂, 𝑔  is called Lorentzian almost 
paracontact structure and the manifold M with 

the structure   𝜙, 𝜉, 𝜂, 𝑔  is called Lorentzian 

almost paracontact manifold.2 In the Lorentzian 
almost paracontact manifold M, the following 

relations holds2           

almost paracontact manifold.2 In the Lorentzian 
almost paracontact manifold M, the following 

relations holds2           
                   

𝜙𝜉 = 0,    𝜂 𝜙𝑋 = 0,    … (1.3)                  

 Ω 𝑋,𝑌 = Ω(𝑌,𝑋),  where     Ω 𝑋, 𝑌 =
𝑔(𝑋,𝜙𝑌).     … (1.4) 

 
In the Lorentzian almost paracontact 

manifold M, if the relation 

 

∇𝑍Ω 𝑋, 𝑌 = α[ 𝑔 𝑋, 𝑍 + 𝜂 𝑋 𝜂 𝑍  𝜂 𝑌 +
{𝑔 𝑌, 𝑍 +  𝜂 𝑌 𝜂 𝑍 }𝜂 𝑋 ],  (α≠ 0)        … (1.5) 

and    Ω 𝑋, 𝑌 =
1

𝛼
(∇𝑋𝜂)𝑌,        … (1.6) 

 

holds, where ∇ denote the operator of covariant 
differentiation with respect to the Lorentzian 

metric 𝑔 , then M is called an LP-Sasakian 

manifold with a coefficient α.1 An LP-Sasakian 

manifold with a coefficient 1 is an LP-Sasakian 
manifold.2 

If a vector field V satisfies the equation of the 

following form:  
 

∇𝑋𝑉 = 𝛽𝑋 + 𝑇(𝑋)𝑉  
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If a vector field V satisfies the equation of the 

following form:  
 

∇𝑋𝑉 = 𝛽𝑋 + 𝑇(𝑋)𝑉  
 

where 𝛽 a non-zero scalar function and T is is a 

covariant vector field, then V  is called a torse-

forming vector field.6 
In a Lorentzian manifold M, if we assume 

that ξ  is a unit torse-forming vector field, then 

we have the following:  
                   

 ∇𝑋𝜂 𝑌 = α{𝑔 𝑋,𝑌 + 𝜂 𝑋 𝜂 𝑌 }, …(1.7) 
 
where α is non-zero scalar function. Hence the 

manifold admitting a unit torse-forming vector 
field satisfying (1.7) is an LP-Sasakian manifold 
with a coefficient α. And, if η satisfy 

 
 ∇𝑋𝜂 𝑌 = 𝜀{𝑔 𝑋,𝑌 + 𝜂 𝑋 𝜂 𝑌 },𝜀2 = 1 … (1.8) 

 
then M  is called an LSP-Sasakian manifold.2 In 

particular, if α satisfies (1.7) and the equation of 

the following form: 
 

α X = 𝜌η 𝑋 ,         α X = ∇Xα ,     …(1.9) 
 

where 𝜌 is a scalar function, then ξ is called a 

concircular vector field.     
If we put  
 

𝜙𝑋 =
1

𝛼
(∇𝑋𝜉),          …(1.10) 

 
we can easily find that 
 

 𝜙2𝑋 = 𝑋 + 𝜂 𝑋 ξ.  
 

 Hence M is a manifold with a Lorentzian 

almost paracontact structure(𝜙, 𝜉, 𝜂, 𝑔). Such a 
manifold M is called a Lorentzian almost 

paracontact manifold with a structure of the 
concircular type.1                

Let us consider an LP-Sasakian manifold M  

(𝜙, 𝜉, 𝜂, 𝑔) with a coefficient α. 

 Then we have the following relation.1  
 

𝜂 𝑅 𝑋, 𝑌 𝑍 = −𝛼 𝑋 Ω 𝑌, 𝑍 + 𝛼 𝑌 Ω 𝑋, 𝑍 +
𝛼2{𝑔 𝑌,𝑍 𝜂 𝑋 − 𝑔(𝑋, 𝑍)𝜂(𝑌)},      …(1.11) 

and    𝑆 𝑋, 𝜉 = −𝜓𝛼 𝑋 +  𝑛 − 1 𝛼2𝜂 𝑋 +
𝛼 𝜙𝑋 ,                             …(1.12) 

 

 

𝜂 𝑅 𝑋, 𝑌 𝑍 = −𝛼 𝑋 Ω 𝑌, 𝑍 + 𝛼 𝑌 Ω 𝑋, 𝑍 +
𝛼2{𝑔 𝑌,𝑍 𝜂 𝑋 − 𝑔(𝑋, 𝑍)𝜂(𝑌)},      …(1.11) 

and    𝑆 𝑋, 𝜉 = −𝜓𝛼 𝑋 +  𝑛 − 1 𝛼2𝜂 𝑋 +
𝛼 𝜙𝑋 ,                             …(1.12) 

 
where R, S denote respectively the curvature 

tensor and the Ricci tensor of the manifold and   

𝜓 = 𝑡𝑟𝑎𝑐𝑒(𝜙).  

 Lemma 1.1.  In an LP-Sasakian manifold 
with a  non coefficient α, one of the following 

cases occur,1:  
 

(i)  𝜓2 = (𝑛 − 1)2,            (ii)  𝛼 𝑌 = −𝜌𝜂 𝑌 ,       
where  𝜌 = 𝛼(𝜉). 

Lemma 1.2. In a Lorentzian almost 

paracontact manifold   𝑀 (𝜙, 𝜉, 𝜂,𝑔)   with its 

structure (𝜙, 𝜉, 𝜂,𝑔)  satisfying Ω 𝑋, 𝑌 =
1

𝛼
 ∇𝑋𝜂  𝑌 ,  where 𝛼 is a non zero scalar 

function, the vector field 𝜉  is torse-forming if 

and only if the relation 𝜓2 = (𝑛 − 1)2  holds 
good.1 

Pseudo 𝑊 2  curvature tensor on a 

Riemannian manifold  𝑀,𝑔  𝑛 > 1  of type (1, 

3) is defined as follows 7 

 

 𝑊 2  𝑋,𝑌 𝑍 = 𝑎 𝑅 𝑋,𝑌 𝑍 + 𝑏 𝑔 𝑌,𝑍 𝑄𝑋 −

𝑔 𝑋,𝑍 𝑄𝑌 −
𝑟

𝑛
 

𝑎

 𝑛−1 
+

𝑏 [𝑔 𝑌, 𝑍 𝑋 − 𝑔 𝑋,𝑍 𝑌] 

 

where 𝑎  and 𝑏 are constant such that 𝑎 , 𝑏 ≠ 0,
𝑅 is the curvature tensor, S is the Ricci tensor, 𝑟 

is the scalar curvature and Q is the (1,1) Ricci 

tensor defined by  

𝑆 𝑋, 𝑌 = 𝑔 𝑄𝑋, 𝑌 ,  for all 𝑋 and Y. 

2. Pseudo 𝑾 𝟐  flat LP-Sasakian manifold 

with a coefficient α  

Let us consider a pseudo 𝑊 2flat LP-Sasakian 
manifold M with a coefficient α. First suppose 

that 𝛼  is non constant. Then since the pseudo 

𝑊 2 curvature tensor vanished, the curvature 

tensor ′𝑅  satisfies   
 

′𝑅 𝑋,𝑌, 𝑍,𝑊 = −
𝑏

𝑎
 𝑆 𝑋,𝑊 𝑔(𝑌, 𝑍) −

𝑆 𝑌, 𝑊 𝑔(𝑋, 𝑍) +
𝑟

𝑛
 

1

 𝑛−1 
+

𝑏

𝑎
  𝑔(𝑌, 𝑍)𝑔(𝑋, 𝑊) − 𝑔(𝑋,𝑍)𝑔(𝑌,𝑊)    

 
which gives on using the identity     

′𝑅 𝑋,𝑌, 𝑍,𝑊 = −′𝑅 𝑋,𝑌,𝑊,𝑍  

Kumar 
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′𝑅 𝑋,𝑌, 𝑍,𝑊 = −
𝑏

𝑎
 𝑆 𝑋,𝑊 𝑔(𝑌, 𝑍) −

𝑆 𝑌, 𝑊 𝑔(𝑋, 𝑍) +
𝑟

𝑛
 

1

 𝑛−1 
+

𝑏

𝑎
  𝑔(𝑌, 𝑍)𝑔(𝑋, 𝑊) − 𝑔(𝑋,𝑍)𝑔(𝑌,𝑊)    

 
which gives on using the identity     

′𝑅 𝑋,𝑌, 𝑍,𝑊 = −′𝑅 𝑋,𝑌,𝑊,𝑍  

− ′𝑅 𝑋,𝑌, 𝑊, 𝑍 = −
𝑏

𝑎
 𝑆 𝑋,𝑊 𝑔 𝑌, 𝑍 −

𝑆 𝑌, 𝑊 𝑔 𝑋, 𝑍  +
𝑟

𝑛
 

1

 𝑛−1 
+

𝑏

𝑎
  𝑔 𝑌, 𝑍 𝑔 𝑋, 𝑊 −

𝑔 𝑋,𝑍 𝑔 𝑌,𝑊                … (2.1) 

 

Putting 𝑍 = 𝜉 in (2.1) and then using (1.11) 
and (1.12), we get 

 

−𝛼 𝑋 Ω 𝑌, 𝑊 + 𝛼 𝑌 Ω 𝑋,𝑊 +
𝛼2 𝑔 𝑌,𝑊 𝜂 𝑋 − 𝑔 𝑋,𝑊 𝜂 𝑌         

  =   
𝑏

𝑎
 𝑆 𝑋, 𝑊 𝜂 𝑌 − 𝑆 𝑌,𝑊 𝜂 𝑋  −

𝑟

𝑛
 

1

 𝑛−1 
+

2𝑏

𝑎
  𝑔(𝑌, 𝑍)𝜂(𝑋) − 𝑔(𝑋,𝑍)𝜂(𝑌)                

… (2.2)     

Again on putting  𝑋 = ξ in (2.2) and using (1.3) 
and (1.12), we obtain    
          

 𝑆 𝑌, 𝑊 =  −
𝑎

𝑏
𝛼2 + 𝑟  

𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
  𝑔 𝑌,𝑊 +

 −𝛼2  
𝑎+𝑏 𝑛−1 

𝑏
 + 𝑟  

𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
  𝜂 𝑌 𝜂 𝑊   

+ 𝜓𝛼 𝑊 − 𝛼 𝜙𝑊  𝜂 𝑌 −
𝑎

𝑏
 𝜌  Ω 𝑌, 𝑊 .       

…(2.3)                                                                   

where  𝜌 = 𝛼 𝜉 . 
We now suppose that M is 𝜂 −Einstein. If an 

LP-Sasakian manifold M with the coefficient 

𝛼 satisfies the relation 
 

  𝑆 𝑋, 𝑌 = 𝑎𝑔 𝑋, 𝑌 + 𝑏𝜂 𝑋 𝜂 𝑌 , 
 

where 𝑎 and  𝑏  are the associated functions on 
the manifold. Then the manifold M is called an 

𝜂 −Einstein. Then we have 1 

 

𝑆 𝑌, 𝑊 =  
𝑟

𝑛−1
− 𝛼2 −

𝜓𝜌

𝑛−1
 𝑔 𝑌,𝑊 +

 
𝑟

𝑛−1
− 𝑛𝛼2 −

𝑛𝜓𝜌

𝑛−1
 𝜂 𝑌 𝜂 𝑊              …(2.4) 

 

Putting 𝑋 = 𝑌 = 𝑒𝑖  in (2.4), where {𝑒𝑖} is an 
orthonormal basis of the tangent space at a point 
of the manifold and taking summation over 

1 ≤ 𝑖 ≤ 𝑛, we get 
 

 𝑟 = 𝑛 𝑛 − 1 𝛼2 + 𝑛𝜌𝜓 .  …(2.5) 

 
By virtue of (2.4) and (2.3), we get    
 

   
𝑎−𝑏

𝑏
 𝛼2 + 𝑟  

𝑏−𝑎

𝑛 𝑛−1 𝑏
 −

𝜓𝜌

 𝑛−1 
  𝑔 𝑌,𝑊 +

  
𝑎−𝑏

𝑏
 𝛼2 + 𝑟  

𝑏−𝑎

𝑛 𝑛−1 𝑏
 −

𝑛𝜓𝜌

 𝑛−1 
 𝜂 𝑌 𝜂 𝑊  

 − 𝜓𝛼 𝑊 − 𝛼 𝜙𝑊  𝜂 𝑌 +
𝑎

𝑏
 𝜌  Ω 𝑌,𝑊 = 0                                                                   

...(2.6)                                                   

Putting  𝑌 = 𝜉  in (2.6) we get 
 

 𝜓𝛼 𝑊 − 𝛼 𝜙𝑊 = − 𝜓 𝜌 𝜂(𝑊)     

             
For all W. Replacing W  by Y in above 

equation, we get  
 

 𝜓𝛼 𝑌 − 𝛼 𝜙𝑌 = − 𝜓 𝜌 𝜂(𝑌)             …(2.7) 

 
Using (2.7) in (2.6) and then by virtue of 

(2.5), we get 
 

𝜌
𝑎

𝑏
 −

𝜓

𝑛 − 1
 𝑔 𝑌, 𝑊 + 𝜂 𝑌 𝜂 𝑊  + Ω 𝑌, 𝑊   

= 0                                                             ...(2.8) 
 

If 𝜌 = 0, then from (2.7) we have  𝛼 𝜙𝑌 =
𝜓𝛼 𝑌  . Thus since 𝜓  is an eigenvalue of the 

matrix 𝜙 , 𝜓  is equal to±1. Hence, by virtue of 

Lemma1.1, we get 𝛼 𝑌 = 0 for all Y and so  𝛼 

is constant, which contradicts to our 
assumption. 

Consequently, we have 𝜌 ≠ 0  and hence 
from (2.8) we get 

 

  
𝑎

𝑏
 −

𝜓

𝑛−1
 𝑔 𝑌,𝑊 + 𝜂 𝑌 𝜂 𝑊  + Ω 𝑌,𝑊   

= 0.                                                             …(2.9) 
 

Putting 𝑌 = 𝜙𝑌 in (2.9) and then using (1.3), 

we obtain 
 

𝑎

𝑏
 −

𝜓

𝑛−1
Ω 𝑌,𝑊 +  𝑔 𝑌, 𝑊 + 𝜂 𝑌 𝜂 𝑊   = 0.                                                            

…(2.10) 
Combining (2.9) and (2.10), we get                                                                          
 
 𝜓2 − (𝑛 − 1)2  𝑔 𝑌,𝑊 + 𝜂 𝑌 𝜂 𝑊  = 0, 
 

On pseudo  flat LP-Sasakian Manifold with a coefficient α  
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𝑎

𝑏
 −

𝜓

𝑛−1
Ω 𝑌, 𝑊 +

 𝑔 𝑌, 𝑊 + 𝜂 𝑌 𝜂 𝑊   = 0.                                                            

…(2.10) 
Combining (2.9) and (2.10), we get                                                                          
 
 𝜓2 − (𝑛 − 1)2  𝑔 𝑌,𝑊 + 𝜂 𝑌 𝜂 𝑊  = 0, 
 

which gives by virtue of 𝑛 > 1,   

𝜓2 = (𝑛 − 1)2.  …(2.11) 
 

Hence Lemma 1.2 proves that  𝜉 is torse-
forming.  

We have  ∇𝑋𝜂  𝑌 = 𝛽 𝑔 𝑋, 𝑌 + 𝜂 𝑋 𝜂 𝑌  . 
Then from (1.6) we get  
    

 Ω 𝑋,𝑌 =
𝛽

𝛼
 𝑔 𝑋, 𝑌 + 𝜂 𝑋 𝜂 𝑌   

= 𝑔  
𝛽

𝛼
 𝑋 + 𝜂 𝑋 𝜉 ,𝑌  

 

and   Ω 𝑋,𝑌 = 𝑔 𝜙𝑋, 𝑌 . 
Since is 𝑔  non-singular, we have    
 

 𝜙 𝑋 =  
𝛽

𝛼
  𝑋 + 𝜂 𝑋 𝜉  

and   𝜙2 𝑋 =  
𝛽

𝛼
 

2
(𝑋 + 𝜂 𝑋 𝜉). 

It follows from (1.1) that  
𝛽

𝛼
 

2
= 1  and hence  

𝛼 = ±𝛽. Thus we have 
 

 𝜙 𝑋 = ±(𝑋 + 𝜂 𝑋 𝜉). 
 

By virtue of (2.7) we have,   𝛼 𝑌 = −𝜌𝜂 𝑌 , 
where 𝜌 = (𝜉). Thus, we conclude that  𝜉 is a 
concircular vector field. Than we have the 
equation of the following form:  

 

  ∇𝑋𝜂  𝑌 = 𝛽 𝑔 𝑋, 𝑌 + 𝜂 𝑋 𝜂 𝑌  , 
 

where 𝛽 is a certain function and ∇𝑋𝛽 = 𝜎𝜂(𝑋) 

for a certain scalar function 𝜎. 

Hence by virtue of (1.6) we have 𝛼 = ±𝛽 . 
Thus 

  

 Ω 𝑋,𝑌 = 𝜖 𝑔 𝑋,𝑌 + 𝜂 𝑋 𝜂 𝑌  ,  𝜖2 = 1, 

  𝜓 = 𝜖 𝑛 − 1 , ∇𝑋𝛼 = 𝛼 𝑋 = 𝜌𝜂 𝑋 , 𝜌 = 𝜖𝜎. 
 
Using these relations in (2.3) and (2.7), it can 

be easily seen that M  is 𝜂 −Einstein. 

Thus we can state the following:  

Theorem 2.1 In a pseudo 𝑊 2flat LP-Sasakian 

manifold 𝑀 (𝑛 > 1)  with a non-constant 

Using these relations in (2.3) and (2.7), it can 

be easily seen that M  is 𝜂 −Einstein. 

Thus we can state the following:  

Theorem 2.1 In a pseudo 𝑊 2flat LP-Sasakian 

manifold 𝑀 (𝑛 > 1)  with a non-constant 

coefficient 𝛼, the characteristic vector field 𝜉 is a 
concircular vector field if and only if M is 

𝜂 −Einstein. 
Next we consider the case when the 

coefficient 𝛼  is constant. In this case the 
following relations hold good:  

 

𝜂 𝑅 𝑋, 𝑌 𝑍 = 𝛼2 𝑔(𝑌,𝑍)𝜂(𝑋) − 𝑔(𝑋, 𝑍)𝜂(𝑌) ,  
 …(2.12)   

𝑆 𝑋, 𝜉 =  𝑛 − 1 𝛼2𝜂 𝑋 .     …(2.13) 

 

Putting  𝑍 = 𝜉 in (2.1) and then using (2.12), 
we get    

 

 −𝛼2 𝑔 𝑌, 𝑊 𝜂 𝑋 − 𝑔 𝑋,𝑊 𝜂 𝑌   =

−
𝑏

𝑎
 𝑆 𝑋,𝑊 𝜂 𝑌 − 𝑆 𝑌, 𝑊 𝜂 𝑋   

  +
𝑟

𝑛
 

1

𝑛−1
+

𝑏

𝑎
  𝑔(𝑋, 𝑊)𝜂(𝑌) − 𝑔(𝑌,𝑊)𝜂(𝑋)                                                                   

…(2.14) 

Again putting 𝑋 = 𝜉  in (2.14) we get by 

virtue of (2.13) that    
 

 𝑆 𝑌, 𝑊 =  −  
𝑎

𝑏
 𝛼2 +  

𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 𝑟 𝑔 𝑌,𝑊 +

 −  
𝑎+𝑏 𝑛−1 

𝑏
 𝛼2 +  

𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 𝑟 𝜂 𝑌 𝜂 𝑊  

…(2.15)                    
Hence we can stat the following: 

Theorem  2.3. A pseudo 𝑊 2 flat LP-Sasakian 

manifold 𝑀 (𝑛 > 1)  with a constant 

coefficient 𝛼  is an 𝜂 −Einstein manifold. 
Differentiating (2.15) covariantly along X 

and making use of (1.6), we get  

  ∇𝑋𝑆  𝑌,𝑊 = 𝑑𝑟(𝑋)  
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 +

𝛼  − 
𝑎+𝑏 𝑛−1 

𝑏
 𝛼2 +

 
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 𝑟  Ω 𝑋,𝑌 𝜂 𝑊 + Ω 𝑋,𝑊 𝜂(𝑌) , 

 
Replacing W by Z in the above equation, we 

get     

Kumar 



21  Science Vision © 2012 MIPOGRASS. All rights reserved 

 

 ∇𝑋𝑆  𝑌, 𝑍 = 𝑑𝑟(𝑋)  
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
  𝑔 𝑌,𝑍 +

𝜂 𝑌 𝜂(𝑍)  

+𝛼  − 
𝑎+𝑏 𝑛−1 

𝑏
 𝛼2 +

 
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 𝑟  Ω 𝑋,𝑌 𝜂 𝑍 + Ω 𝑋, 𝑍 𝜂(𝑌) , 

 
This implies that    
 

 ∇𝑋𝑆  𝑌, 𝑍 −  ∇𝑌𝑆  𝑋, 𝑍 =

𝑑𝑟 𝑋  
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
  𝑔 𝑌,𝑍 + 𝜂 𝑌 𝜂 𝑍  −

𝑑𝑟 𝑌  
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 + 𝛼  − 

𝑎+𝑏 𝑛−1 

𝑏
 𝛼2 +

 
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 𝑟  Ω 𝑋,𝑍 𝜂 𝑌 − Ω 𝑌,𝑍 𝜂(𝑋) .                                   

…(2.16)  
On the other hand, in our case, since we have 

 ∇𝑊𝐶  𝑋,𝑌 𝑍 = 0,  we get 𝑑𝑖𝑣 𝐶 = 0 , where  

“ 𝑑𝑖𝑣 ” denotes the divergence. So for 𝑛 > 1,
𝑑𝑖𝑣 𝐶 = 0 gives 

 

 ∇𝑋𝑆  𝑌,𝑍 −  ∇𝑌𝑆  𝑋,𝑍 =
1

𝑎
 
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 
−

𝑏

2
  𝑔 𝑌,𝑍 𝑑𝑟 𝑋 − 𝑔 𝑋, 𝑍 𝑑𝑟 𝑌  .    …(2.17) 

 
It follows from (2.16) and (2.17) that  
   

 
1

𝑎
 
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 
−

𝑏

2
  𝑔 𝑌,𝑍 𝑑𝑟 𝑋 − 𝑔 𝑋, 𝑍 𝑑𝑟 𝑌   

  = 𝑑𝑟 𝑋  
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
  𝑔 𝑌, 𝑍 + 𝜂 𝑌 𝜂 𝑍   

−𝑑𝑟(𝑌)  
𝑎+𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
  𝑔 𝑋, 𝑍 + 𝜂 𝑋 𝜂(𝑍)  

+𝛼  − 
𝑎+2𝑏 𝑛−1 

𝑏
 𝛼2 +

 
𝑎+2𝑏 𝑛−1 

𝑛 𝑛−1 𝑏
 𝑟  Ω 𝑋,𝑍 𝜂 𝑌 − Ω 𝑌, 𝑍 𝜂(𝑋) .                            

…(2.18) 
 

If 𝑟 is constant, then from (2.18) we obtain 
 

 𝑟 = 𝑛(𝑛 − 1)𝛼2.       …(2.19) 

 
Now substituting (2.15) and (2.19) in (2.1) we 

get 
 

  ′𝑅 𝑋, 𝑌,𝑍, 𝑊 = 𝛼2 𝑔 𝑌, 𝑍 𝑔 𝑋,𝑊 −
𝑔 𝑋,𝑍 𝑔(𝑌,𝑊) , 

 
Which show that the manifold is of constant 

curvature. 
Thus we can state the following: 

Theorem 2.4. In a pseudo 𝑊 2 flat LP-

Sasakian manifold 𝑀 (𝑛 > 1)  with a constant 

Which show that the manifold is of constant 
curvature. 

Thus we can state the following: 

Theorem 2.4. In a pseudo 𝑊 2 flat LP-

Sasakian manifold 𝑀 (𝑛 > 1)  with a constant 

coefficient  𝛼 , if the scalar curvature 𝑟  is 
constant, then M  is of constant curvature. 
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