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1   Introduction 

 

In 1975,Golab [4] introduced the notion of quartersymmetric connection in a 

Riemannian manifold with affine connection. This was further developed by Yano and 

Imai [27], Rastogi [22], Mishra and Pandey [10], Mukhopadhyay, Roy and Barua [11], 

Biswas and De [3], Sengupta and Biswas [23], Singh and Pandey [25] and many other 

geometers.In this paper we define and study a quartersymmetric nonmetric connection 

on an Lorentzian para Sasakian manifold . Section 1 , is introductory . In section 2  , we 

give the definition of Lorentzian para Sasakian . In section 3 , we define a quarter

symmetric nonmetric connection . In section 4 , curvature tensor Ricci tensor and scalar 

curvature tensor of the quartersymmetric nonmetric connection   is obtained . In 

section 5 , we have A necessary and sufficient condition for the Ricci tensor of   to be 

symmetric and skew symmetric . In section 6 ,The Projective curvature tensor of the 

quartersymmetric nonmetric connection in Lorentzian para Sasakian manifold is 

studied. In section 7 ,We have studied Psudo Projective curvature tensor of the quarter 

symmetric nonmetric connection in Lorentzian paraSasakian manifold is studied . In 

section 8,The Concircular curvature tensor of the quarter symmetric nonmetric 

connection in Lorentzian para-sasakian and finally In section 9,The QuasiConcircular 

curvature tensor of the quartersymmetric nonmetric connection in Lorentzian para

Sasakian manifold is studied. 
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2  Preliminaries 

 

An n dimensional differential manifold nM  is a Lorentzian paraSasakian (LP 

Sasakian) manifold if it admits a (1,1) tensor field  , contravariant vector field  ,a 

covariant vector field  , and a Lorentzian metric g, which satisfy 

 

 ,)(=2  XXX   (2.1) 

 

 

 1,=)(   (2.2) 

 

 

 ),()(),(=),( YXYXgYXg    (2.3) 

 

 ),(=),( XXg   (2.4) 

 

 ,)()(2)(),(=))((  YXXYYXgYX   (2.5) 

 

 ,= XX   (2.6) 

for any vector fields X  and Y , where   denotes covariant differentiation with respect to 

metric g  ([7], [14] and [8]). 

In an LP Sasakian manifold nM  with structure ( , , , g ), it is easily seen that 

 

 1),(=)(,0=)(,0= nrankX   (2.7) 

 

 

 ).,(=),( YXgYXF   (2.8) 

 

Then the tensor field F  is symmetric (0,2)  tensor field 

 

 ),,(=),( XYFYXF  (2.9) 

 

 

 ).)((=),( YYXF X  (2.10) 

 

 

3  The Quartersymmetric nonmetric Connection in a LPSasakian manifold 

 

Let  gM n ,  be an LP Sasakian manifold with LeviCivita connection   we 

define linear connection   on 
nM  by  

         ,,=  YXgXYYXYXYY XX   (3.1) 

for all vector fields X  and ).( nTMY   

Using  3.1  the torsion tensor T  of 
nM   with respect to the connection   is given 

by  
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 .)()(=),( YXXYYXT    (3.2) 

 

A linear connection satisfying  3.2  is called quartersymmetric connections 

([5],[13],[17],[20]). 

Further 

using  3.1  we have  

           .,2,2=, ZYgXZYgXZYgX    (3.3) 

A linear connection   defined by  3.1  satisfies  3.2  and  3.3  is called quarter

symmetric nonmetric connection. 

Let   be a linear connection in nM   given by 

 

  .,= YXHYY XX   (3.4) 

 

Now we shall determine the tensor field H  such that   satisfies  3.2  and  3.3  

From  ,3.4  we have  

      .,,=, XYHYXHYXT   (3.5) 

We have  

     .,=,, ZYgZYXG X  (3.6) 

From  3.4  and  3.6 we have 

        .,,=,,,, ZYXGYZXHgZYXHg   (3.7) 

From  ,3.4  ,3.6  3.7  and  ,3.3  we have 

 

              ZXYHgZYXHgXYZTgYXZTgZYXTg ,,,,=,,,,,,   

      YZXHgYXZHg ,,,,   

      XZYHgXYZHg ,,,,   

     ZYXGZYXHg ,,,,=   

    YXZGZXYG ,,,,   

   ZYXHg ,,2=  

        ZYgXZYgX ,2,2    

        ZXgYZXgY ,2,2    

        ,,2,2 YXgZYXgZ    

 

 

         XYTYXTYXTYXH ,,,
2

1
=,


  (3.8) 

  ),()()( YXgXYYX   

 .),()()(  YXgXYYX   

Where T
 be a tensor field of type  1,2  defined by 

      .,,=,, YXZTgZYXTg


 (3.9) 

From  3.2  and  ,3.9  we have  

   .),()(=,  YXgYXYXT 


 (3.10) 

Using  3.2  and  3.10  in  ,3.8  we get 
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   .),()()()(=,  YXgXYYXYXYXH   (3.11) 

This implies  

 .),()()()(=  YXgXYYXYXYY XX   (3.12) 

 

 

Theorem 1 Let  gM n ,  be an LPSasakian manifold with almost Lorentzian

Para contact metric structure  g,,,   admitting a quartersymmetric nonmetric 

connection   which satisfies  3.2  and  3.3  then the quarter–symmetric nonmetric 

connection is given by  3.12  

 

4   Curvature tensor of an LPSasakian manifold with respect to the Quarter

symmetric nonmetric Connection   

 

 Let R  and R  be the curvature tensor of the connection   and   respectively 

 .=),( ],[ ZZZZYXR YXXYYX   (4.1) 

: 

From (4.1)  and (3.1) , we get 

 

       ),)((=),(  ZYgYZZYZYZZYXR YX   (4.2) 

       ),)((  ZXgXZZXZXZXY   

          YXZZYXZYXZYX ,)(,,,    

    .,, ZYXg  

Using   2.52.62.5  and  3.1  in  ,4.2  we get 

 

    YZXFXZYFZYXRZYXR ,,),(=),(   (4.3) 

 YZXgXZYg  ),(),(   

 XZYYZX  )()()()(   

 YZXgXZYg ),(),(   

      ),(),( ZXFYZYFX   

     .),(2),(2  ZXgYZYgX   

Where  

 ,=),( ], ZZZZYXR YXXYYX   

 

is the curvature tensor of with respect to the Riemannian Connection  . 

Contracting  4.3 , we get 

 

        ZYgnZYSZYS ,3,=,   (4.4) 

          ,2,3 ZYZYgn    

 

 

     ,2112=  nnnrr   (4.5) 
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where S  and r  are the Ricci tensor and scalar curvature with respect to    and 

trace= .  

 

Theorem 2  The Curvature tensor ZYXR ),(  and Ricci tensor  ZYS ,  and scalar 

curvature r  of an LPSasakian manifold with respect to quartersymmetric nonmetric 

connection as given by    4.34.4,4.3  and  4.5  respectively.  

 

  Let us assume that 0=),( ZYXR  in  ,4.3  we get 

          ZYgnZYgnZYS ,3,3=,    

      ,2 ZY    

 

which gives  

     2112=  nnnr   

 

 

Theorem 3  If an LPSasakian manifold nM admits a quartersymmetric non

metric connection whose curvature tensor vanishes, then the scalar curvature r  is given 

by  

     .2112=  nnnr   

From  ,4.3  we get  

     0.=,,,,,, WZXYRWZYXR   (4.6) 

 

Again by virtue of  4.3  and first Binachi’s identity with respect to connection   

we have 

       0.=,,,,,,,,, WYXZRWXZYRWZYXR   

 

 

 

5    Projective Curvature tensor on an LPSasakian manifold with respect to the 

Quartersymmetric nonmetric Connection   

 

 Let P  and P  denote the projective curvature tensor with respect to connection   

and   respectively. then 

 
 

 ,),(),(
1

1
),(=),( YZXSXZYS

n
ZYXRZYXP 


  (5.1) 

 

and  

 
 

 .),(),(
1

1
),(=),( YZXSXZYS

n
ZYXRZYXP 


  (5.2) 

 

Using  4.3 &  4.4  in  ,5.1  we find  

 YZXFXZYFZYXPZYXP ),(),(),(=),(   (5.3) 
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 YZXgXZYg  ),(),(   

         XZYYZX    

 YZXgXZYg ),(),(   

      ),(),( ZXFYZYFX   

      ),(2),(2 ZXgYZYgX   

    YZXgXZYgn
n

),(),(3
1

1
 


  

   YZXgXZYgn ),(),(3    

           .2 YZXXZY    

 

If 

 YZXgXZYgYZXFXZYF  ),(),(),(),(   (5.4) 

         YZXgXZYgXZYYZX ),(),(    

      ),(),( ZXFYZYFX   

      ),(2),(2 ZXgYZYgX   

    YZXgXZYgn
n

),(),(3
1

1
=  


 

   YZXgXZYgn ),(),(3    

           ,2 YZXXZY    

then from equation  ,5.3  we get 

 .),(=),( ZYXPZYXP  

Hence, we can state the following theorem; 

 

Theorem 4 In an LPSasakian manifold Projective Curvature tensor with respect 

to Riemannian connection is equal to the Projective Curvature tensor with respect to 

Quartersymmetric nonmetric Connection   if equation  5.4  holds.  

 

 

6  Psudo Projective Curvature tensor on an LPSasakian manifold with respect to the 

Quartersymmetric nonmetric Connection   

 

 Let 

P  and 


P  denote the Psudo projective curvature tensor with respect to 

connection   and   respectively[12]. then 

 
 

 YZXSXZYS
n

ZYXRaZYXP ),(),(
1

1
),(=),( 





 (6.1) 

 
 

 ,),(),(
1

YZXgXZYgb
n

a

n

r












  

 

and  

 
 

 YZXSXZYS
n

ZYXaRZYXP ),(),(
1

1
),(=),( 





 (6.2) 
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 

 .),(),(
1

YZXgXZYgb
n

a

n

r












  

 

Using  4.3 &  4.4  in  ,6.1  we find  

    YZXFXZYFnbaZYXPZYXP ),(),(3),(=),( 


 (6.3) 

  YZXgXZYga  ),(),(   

         XZYYZXa    

    3nba   

 
    


















b

n

a

n

nnn

1

2112 
 

  YZXgXZYg ),(),(   

      ),(),( ZXFYZYFXa   

      ),(2),(2 ZXgYZYgXa   

           .2 YZXXZYb    

 

If 

      YZXgXZYgaYZXFXZYFnba  ),(),(),(),(3   (6.4) 

         =XZYYZXa    

    3nba   

 
    


















b

n

a

n

nnn

1

2112 
 

  YZXgXZYg ),(),(   

      ),(),( ZXFYZYFXa   

      ),(2),(2 ZXgYZYgXa   

           ,2 YZXXZYb    

then from equation  6.3  we get 

 .),(=),( ZYXPZYXP


 

Hence, we can state the following theorem; 

 

Theorem 5 In an LPSasakian manifold Psudo Projective Curvature tensor with 

respect to Riemannian connection is equal to the Psudo Projective Curvature tensor with 

respect to Quartersymmetric nonmetric Connection   if equation  6.4  holds.  

 

 

7   Concircular Curvature tensor on an LPSasakian manifold with respect to the 

Quartersymmetric nonmetric Connection   

 

 Let C  and C  denote the Concircular curvature tensor with respect to connection 

  and   respectively. then 
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 

 ,),(),(
1

),(=),( YZXgXZYg
nn

r
ZYXRZYXC 


  (7.1) 

 

and  

 
 

 .),(),(
1

),(=),( YZXgXZYg
nn

r
ZYXRZYXC 


  (7.2) 

 

Using    4.34.4,4.3 &  4.5  in  ,7.1  we find  

 YZXFXZYFZYXCZYXC ),(),(),(=),(   (7.3) 

 YZXgXZYg  ),(),(   

         XZYYZX    

      ),(),( ZXFYZYFX   

      ),(2),(2 ZXgYZYgX   

    .),(),(12
1

YZXgXZYg
n

   

 

If 

 YZXgXZYgYZXFXZYF  ),(),(),(),(   (7.4) 

         XZYYZX    

      ),(),( ZXFYZYFX   

      ),(2),(2 ZXgYZYgX   
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12
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then from equation  7.3  we get 

 .),(=),( ZYXCZYXC  

Hence, we can state the following theorem; 

 

Theorem 6 In an LPSasakian manifold Concircular Curvature tensor with 

respect to Riemannian connection is equal to the Concircular Curvature tensor with 

respect to Quartersymmetric nonmetric Connection   if equation  7.4  holds.  

 

8  QuasiConcircular Curvature tensor on an LPSasakian manifold with respect to 

the Quartersymmetric nonmetric Connection   

 

 Let L  and L  denote the QuasiConcircular curvature tensor with respect to 

connection   and   respectively. then 

  ,),(),(2
1

),(=),( YZXgXZYgb
n

a

n

r
ZYXRaZYXL 











  (8.1) 

 

and  

  ,),(),(2
1

),(=),( YZXgXZYgb
n

a

n

r
ZYXaRZYXL 











  (8.2) 
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Using    4.34.4,4.3  4.5& in  ,7.1  we find  

  YZXFXZYFaZYXLZYXL ),(),(),(=),(   (8.3) 

  YZXgXZYga  ),(),(   

         XZYYZXa    

      ),(),( ZXFYZYFXa   

      ),(2),(2 ZXgYZYgXa   
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  .),(),( YZXgXZYg   

 

If 

  YZXFXZYFa ),(),(   (8.4) 

  YZXgXZYga  ),(),(   

         XZYYZXa    

      ),(),( ZXFYZYFXa   

     =),(2),(2  ZXgYZYgXa   
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  ,),(),( YZXgXZYg   

then from equation  8.3  we get 

 .),(=),( ZYXLZYXL  

Hence, we can state the following theorem; 

 

Theorem 7 In an LPSasakian manifold QuasiConcircular Curvature tensor 

with respect to Riemannian connection is equal to the QuasiConcircular Curvature 

tensor with respect to Quartersymmetric nonmetric Connection   if equation  8.4  

holds.  
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