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Abstract— In this paper, I have defined General F-

connexion, O*-F-connexion and various properties have 

discussed therein. Theorems related to these connexions 

have also been stated and proved. 
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I. INTRODUCTION 

Let Mn (n = r+s, r even), be a manifold with F-

structure of rank r. Let there exist on Mn, s vector 

fields 
x

U  and s 1-forms 
x

u , such that 
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         Then {F, 
x

U ,
x

u } is called Globally Para 

Framed F-structure and Mn is said to be a Globally 

Para Framed F-manifold or simply a globally Para 

Framed manifold.  

Let there exist on Mn a Riemannian  metric g, such 

that 

( , ) ( , ) ( ) ( )
x x

g X Y g X Y u X u Y  ,        (1.2)a                

( ) ( , )
x

x

def

u X g X U .     (1.2)b                                                                

Then {F, 
x

U ,
x

u ,g} is said to be Para Framed 

metric structure and the manifold Mn is called 

Para framed metric manifold. 

     A bilinear function A in Mn is said to be pure in 

the two slots X and Y, if 

  ( , ) ( , ) 0A X Y A X Y  .                       (1.3)a    

A bilinear function A in Mn is said to be hybrid in 

the two slots X and Y, if 

( , ) ( , ) 0A X Y A X Y  .                                (1.3)b                                                   

Let us put 

   ' ( , ) ( , )
def

F X Y g X Y .                                     (1.4)                                                                       

Then the following equations hold:

' '( , ) ( , )F X Y F Y X  .                                  (1.5)a                                                               

 This shows that 'F  is skew-symmetric in X and Y.   

' '( , ) ( , )F X Y F X Y ,                               (1.5)b                                                                  

' '( , ) ( , )F X Y F X Y  .                                   (1.5)c                                            

This shows that 
'F  is pure in X and Y. 

II. GENERAL F- CONNEXION 

 

A connexion D in Mn is called a general F-

connexion, if 

0)( YFDX ,      (2.1)a         

which is equivalent to 

YDYD XX )( .                    (2.1)b          

Theorem (2.1). For general F-connexion in Mn, we 

have 
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,             (2.2)f          

0)( YFD
x

U
,               (2.2)g         

YDYD
xx
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0)( 
x

X

x

UYDu
xX

x
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Proof. Barring Y in equation (2.1)b then 

using the equations (1.1)a and (2.1)b in the 

resulting equation, we get the equation (2.2)a. 

Barring the equation (2.1)b and  using the 

equations (2.1)b and (1.1)a, we get the 

equation (2.2)b. Barring the equation (2.2)b 

throughout and using  (1.1)c, we obtain the 

equation (2.2)c. Applying 
x

u  on (2.2)a and 

using the equation  (1.1)e, we get (2.2)d. 

Replacing Y by 
x

U  in equation (2.2)d and 

using the equation  (1.1)e, we obtain (2.2)e. 

Replacing X by 
x

U  in equation (2.2)e , we get 

(2.2)f. Equations (2.2)g and (2.2)h are 

obtained by replacing X by 
x

U  in equation 

(2.1)a and (2.1)b. Barring Y in equation (2.2)b 

and using the equation  (1.1)d, we get the 

equation (2.2)i. 

Theorem (2.2). Let the connexion D and E be 

related by 

 

YDPYDPYDPYDPYDPYDPYE
XXXXXXX 654321 

 YDPYDP
XX 87  .                                        (2.3)       

If D be general F-connexion then E is a general F-

connexion, if 

)()()( 321 YDYDPYDYDPYDYDPYE XXXXXXX     

)(4 YDYDP
XX

 .                           .                  (2.4)        

Proof. Barring Y throughout in equation (2.3) and 

using  (1.1)a, (1.1)c, (2.2)b and  (2.2)c, we get 

YDPYDPYDPYEYFEYE XXXXXX ()( 321 

))(
x

X

x

UYDu YDP
X

(4 ))(
xX

x

UYDu YDP X5  

YDP
X6    YDPYDP

XX 87  .                           (2.5)         

Barring the equation (2.3) throughout and 

using the equation  (1.1)a and (2.2)i, we get 

 

))((54321
x

X

x

XXXXXX UYDuYDPYDPYDPYDPYDPYE 

                            

YDPYDPUYDuYDP
XX

xX

x

X 876 ))((  .  (2.6)      

Subtracting the equation (2.6) from (2.5), we 

get 

 
))(())(()( 8271 YDYDPPYDYDPPYFEYEYE

XXXXXXX 

                                                    

))()(( 53 YDUYDuYDPP X
x

X

x

X   

                                                 

))()(( 64 YDUYDuYDPP
XxX

x

X
 .     (2.7)                                                                                                                                                                                                                                                

     Now 0)( YFEX , if 

71 PP  ,   82 PP  ,   53 PP  ,    64 PP  .         (2.8)      

 Substituting from (2.8) in (2.3), we get the 

equation (2.4). 

Corollary (2.1). For the general F-connexion D in 

Mn, equation (2.4) is equivalent to 

)()()( 321 YDYDPYDYDPYDYDPYEYE XXXXXXXX 

 )(4 YDYDP
XX


xX

x

x
X

x

UYDuPUYDuP )()( 43 
    

(2.9)         

)()()( 321 YDYDPYDYDPYDYDPYE
XXXXXXX



)(4 YDYDP XX 

)}()(){( 42 YDYDPYDYDPXu
xxxx

UUUU

x

 .        (2.10)             

Proof. Barring Y in equation (2.4) and barring 

(2.4) throughout and using the equations 

(1.1)a, (1.1)c and (2.2)i in the resulting 

equations, we get the equation (2.9). Barring 

X in (2.4) and using (1.1)a, (1.1)c, (2.2)b and 

(2.2)i in the resulting equation, we get the 

equation (2.10). 

 

3.  O
*
-F-Connexion or Quasi F-Connexion 

A connexion D in Mn is called an O
*
-F-connexion 

or Quasi F-connexion, if 

0)()(  YFDYFD
XX .   (3.1)            

In view of (1.1)a, we have 

0))((  YDUYuDYDYDYD
Xx

x

XXXX
,      (3.2)a       

equivalently 
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0)()}(){(  YDUDYuUYDuYuDYDYDYD
XxX

x

xX

xx

XXXX    
(3.2)b       

Barring Y in equation (3.2)a and using  (1.1)d, we 

get 0)()()( 
xX

x

x

x

X
x

X

x

UYDuUYuDUYDu           (3.2)c       

Barring (3.2)c throughout and using (1.1)c, we get 

x

x

Xx

x

X UYuDUYuD )(0)(   ,                    (3.2)d       

Substituting 
x

UX   in (3.2)d and using (1.1)c, we 

get 

0)( 
x

x

U UYuD
x

.               (3.2)e        

Theorem (3.1). For an O
*
-F-connexion in Mn, we 

have 

0)}())({( 
xxX

x

x
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X UUDuUuDUD  (3.3)a          
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XXx
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XX UYDuYDYDUYDuYDYD
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0)( 
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U
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xxx
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xx

.     (3.3)p           

       

Proof. Putting Y = 
x

U  in (3.2) and using 

(1.1)c and (1.1)e in the resulting equation, we 

get the equation (3.3)a. Barring the equation 

(3.3) throughout and using  (1.1)a and (1.1)c, 

we obtain the equation (3.3)b. Barring (3.3)b 

and using (1.1)c, we obtain (3.3)c. Using the 

equation (3.3)c in (3.3)a then we get the 

equation (3.3)d. Putting X = 
x

U  in (3.2)a and 

using (1.1)c, we get the equation (3.3)e. 

Putting Y = 
x

U  in (3.3)e and using (1.1)c, we 

get (3.3)f. Barring (3.3)f and using (1.1)a, we 

get the equation (3.3)g. Applying 
x

u  in 

equation (3.3)e and using  (1.1)d, we get 

(3.3)h. Barring Y in (3.3)h and using (1.1)a, 

(1.1) e, we get (3.3)i. Putting Y = 
x

U  in (3.3)i 

and using  (1.1)e, we get (3.3)j. Barring Y in 

(3.3)i and using  (1.1)d, we get (3.3)k. 

Applying 
x

u  on (3.2)b and using (1.1)d, we get 

(3.3)l. Differentiating the equation (1.1)d with 

respect to X and X , we get the equation 

(3.3)m. Barring the equation (3.2)b 

throughout and using the equations (1.1)a, 

(1.1)c and (3.3)c, we get  (3.3)n. Putting X = 

x
U  in (3.3)n and using (1.1)e, we get the 

equation (3.3)o. Barring Y in equation (3.3)e 

and using  (1.1)a, (3.3)o in the resulting 

equation then we get the equation (3.3)p.  

 

 

Theorem (3.2). Let D be an O
*
-F-connexion 

in Mn and E is an arbitrary connexion in Mn, 

then E is an O
*
-F-connexion in Mn, if  

         

 
YDPYDPYDPYDPPPYDPPPYE XXXXXX 543385476 )()(     

YDPYDPYDP
XXX 876  .   (3.4)      
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Proof. Barring the equation (3.3) throughout and 

using the equation (1.1)a, we get 

))((54321
x

X

x

XXXXXX UYDuYDPYDPYDPYDPYDPYE 

))(())(( 76
x

X

x

X
xX

x

X
UYDuYDPUYDuYDP 

))((8
xX

x

X
UYDuYDP  .          (3.5)       

Barring X, Y in equation (3.5) and using (1.1)a, (1.1)c, 

(3.2)d and (3.2)e, we get 

))(())(( 4321 YDXuYDPYDPYDXuYDPYDPYE
xx

U

x

XXU

x

XXX


 ))((5
xX

x

X
UYDuYDP  ))((6

x
X

x

X UYDuYDP                                   

))(())(( 87
x

X

x

X
xX

x

X
UYDuYDPUYDuYDP  .   (3.6)   

Adding the equations (3.5) and (3.6), we get

 

))(())(( 3241 YDYDPPYDYDPPYEYE XXXXXX   

YDYDPP
XX  )(( 85 ))()(

xX

x

x
X

x

UYDuUYDu 

YDYDPP XX
 )(( 76 ))()(

x
X

x

xX

x

UYDuUYDu                                      

YDXuPYDXuP
xx

U

x

U

x

)()( 42  .                             (3.7) 

Barring Y in (3.3) and using (1.1)a, (1.1)c and 

(3.2)d, we get 

))(()( 321
x

x

XXXXXXX UYuDYDPYDPYDPYEYFEYE    

))((4
x

x

XX
UYuDYDP  YDPYDP

XX 65   

YDPYDP
XX 87  .                                 (3.8)                         

 Barring X, Y in (3.8) and using the equations (1.1)a, 

(1.1)c, (1.1)d, (3.2)d and (3.2)e we get                           

))(())(( 1
x

x

XXXX
UYuDYDPYEYFE  YDP X(2

YDYu
x

U

x

)( ))()()(
x

x

U

x

x

x

X UYuDXuUYuD
x

 YDPYDP XX 43   

YDXuP
x

U

x

)(4 YDXuPYDPYDP
x

U

x

XX
)(665     

YDXuPYDPYDP
x

U

x

XX
)(887  .                       (3.9)                           

Adding the equations (3.8) and (3.9), we get 

YDYDPPYEYEYFEYFE XXXXXX  )(()()( 41

))()(
xX

x

x
X

x

UYDuUYDu  YDXuP
x

U

x

)(2

))()(( 32
x

x

XXX UYuDYDYDPP  YDXuP
x

U

x

)(4

))(( 85 YDYDPP
XX  ))(( 76 YDYDPP XX

  

YDXuPYDXuP
xx

U

x

U

x

)()( 86  .         (3.10)                                          

Using the equations (3.2)c and (3.3)e in equation 

(3.10), we get 

YDYDPPYEYEYFEYFE XXXXXX  )(()()( 41

))()(
xX

x

x
X

x

UYDuUYDu  YDXuP
x

U

x

)(2
 

))()()(( 32
xX

x

x
X

x

XX UYDuUYDuYDYDPP    YDXuP
x

U

x

)(4

))(( 85 YDYDPP
XX    

))(( 76 YDYDPP XX
 YDXuPYDXuP

xx
U

x

U

x

)()( 86  .                          

(3.11)                                    

 Since D is an O
*
-F-connexion in Mn then the necessary 

and sufficient condition that E is an O
*
-F-connexion in 

Mn is obtained by comparing the equations (3.7) and 

(3.11), we get       

7641 PPPP      i.e.    4761 PPPP  , 

 8532 PPPP     i.e. 3852 PPPP  .    (3.12)                

Substituting from (3.12) in (2.3), we get the equation 

(3.4). 
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