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Abstract. This study aims to characterize curves at constant distance by using the 

tangent, normal, and binormal vectors of a unit speed non-null curve in Minkowski 3-space. 

The Frenet vectors and the curvature and torsion functions of these curves are calculated by 

using the curvature and torsion of the unit speed non-null curve. Then, the developability of 

ruled surfaces created with these curves and their tangents is investigated. Finally, the 

examples containing these curves and surfaces are given, and their graphs are drawn. 
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1. INTRODUCTION  

 
 

The most popular topics studied in differential geometry in recent years are curve 

theory and surface theory. Although two- and three-dimensional studies of curves are 

common, the most common space for surface studies is Euclidean 3-space. Surface theory 

was investigated first by Monge in the 18
th

 century, and after this study, surfaces have been 

considered in different dimensions and spaces. Later, Guggenheimer and Hoschek examined 

ruled surfaces from different perspectives. Curves are expressed by characterizations of the 

Frenet vector that are defined on the curve. Ruled surfaces are surfaces that are formed by the 

continuous moving of a line along the base curve [1,2]. Although curves and surfaces in 

Minkowski space have similar properties to curves and surfaces in Euclidean space, there are 

some differences due to the Lorentzian inner product. One of the most important tools used to 

analyze a curve is the Frenet frame, which is a moving frame that provides a coordinate 

system at each point on the curve at a given point on the curve. By using the Frénet frame, 

curvature and torsion functions can be defined on the curve. Different space curves can be 

distinguished only with the help of curvature and torsion functions. These curvature and 

torsion functions are called differential invariants of the curve. The fundamental theorem of 

curves in differential geometry states that these invariants completely determine the curve. 

During the investigation of curves, numerous types of curves are introduced and examined in 

terms of their frame structures [3]. Creating curves from curves has been the subject of many 

studies, and one of these curves is the parallel curves. Parallel curves have also been 
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investigated by using different spaces and frames [4-12]. Additionally, some studies on ruled 

surfaces have been investigated in detail in [13-27]. 

In this study, the curves are obtained at a constant distance from the curve by using the 

tangent, normal, and binormal vectors of a unit speed space curve in Minkowski space. The 

Frenet vectors and curvatures of these curves are investigated. The Frenet vectors, the 

curvature, and torsion functions of these curves are calculated by using the curvature and 

torsion of the given unit speed curves. Then, the developability of ruled surfaces created with 

these curves and their tangents is presented. Finally, examples containing these curves and 

surfaces are given, and their graphs are shown. 
 

 

2. PRELIMINARIES 
 

 

In Minkowski 3-space 3

1
, the Lorentzian inner product and vector product are given 

by 

1 1 2 2 3 3,x y x y x y x y      

and  

 3 2 2 3 1 3 3 1 1 2 2 1, , ,x y x y x y x y x y x y x y      

where 
1 2 3( , , )x x x x  and 

1 2 3( , , )y y y y  . The norm of 
3

1x  is ,x x x .  

The characteristics of the vector are given as follows; 

 the vector x  is a spacelike, if , 0x x   or 0x  , 

 the vector x  is a timelike, if , 0x x  , 

 the vector x  is a lightlike (or null), if , 0x x  , 0x  . 

 

Let 
3

1: I   be a regular unit speed non-null curve with arc-length parameter s  in 

3

1 . If the vectors t , n , and are tangent, principal normal, and binormal vectors of the non-

null curve  , respectively. Then, the Frenet formulas are  
 

1 2

2 3

0 0

0 ,

0 0
s

t t

n n

b b



   

  

     
     

 
     
          

 (1) 

 

where 1,t t  , 2,n n   and 3,b b  . Also, 
3 1,  n t b b n t     , 

2t b n   and 

1 2 3 1     . The functions  s ,  s  are the curvature and the torsion of  , respectively. 

Let , ,t n b  be a moving frame of  , it holds the following conditions [28,29]: 

 1 2 31, 1, 1       for the timelike curve, 

 1 2 31, 1, 1       for the spacelike curve with timelike normal, 

 1 2 31, 1, 1       for the spacelike curve with timelike binormal. 

 

In Minkowski 3-space 3

1
, a ruled surface M  is a regular surface that is 

parameterized as:  
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       

3

1:

     , , ,

X I

s v X s v s vr s

 

  
 

 

where the curve  s  and  r s  are known as the base and director curves of a ruled surface, 

respectively [29]. Additionally, the parameter of the distribution of  ,X s v  is 

 

 
      

 
2

det , ,
.

s r s r s
P s

r s

 



 

 

Theorem 2.1. ([29]) Let  ,X s v  be a ruled surface, then the ruled surface is developable if 

and only if  

      det , , 0.s r s r s    (2) 

 

 

3. CURVES AT A CONSTANT DISTANCE FROM THE NON-NULL CURVE 
 

 

In this section, we describe curves that can be constructed using the tangent, principal 

normal, and binormal vectors of the Frenet frame along a space curve in 
3

1 .  

 

Definition 3.1. Let   be a unit speed space curve with the Frenet frame  , ,t n b  in 

Minkowski 3-space and t , n , and b  be curves at a constant distance from the point ( )s  

of  . Then the parametric equations of t , n , and b  are defined by  

 
*

*

*

( ) ( ) ( ),

( ) ( ) ( ),

( ) ( ) ( ),

t

n

b

s s t s

s s n s

s s b s

  

  

  

 

 

 

 (3) 

 

where s  and s  are parameters of the curves   and t , n , b , respectively. Also   is 

presented a nonzero constant real number. 
 

Theorem 3.2. Let 
3

1:t I   be a curve at constant distance from   with the Frenet frame 

 , ,t t tT N B  and its curvature and torsion t  and t  in Minkowski 3-space. Then, the 

following relations satisfy: 
 

     

    

2 2

1 2

3 4 2 2 2 3 3 3

1 1 3 1 3 3 1 3

2
2 2 4 4 2 2 2 2 2 3

1 2 1 2 3 3 3

,

,

t

t

t n
T

t n b
N



   

                    

                  




 

       


      
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 

 

2 2 2 3

1 3 3 3

2
2 2 2 4 4 2 2 3

2 1 3 3 3

,t

t n b
B

           

              

     


   

 

and 

 

 
 

 

2
2 2 2 4 4 2 2 3

2 1 3 3 3

3

2 2 2
2 1

2 2 2 3

2 3 2 1 3 3

2
2 2 2 4 4 2 2 3

2 1 3 3 3

,

,

t

t

              


   

           


              

   





   


   

 

where 
 

2 2 3
1 1 2 1 2 2 1 2 1 2 33 , , 2 .                                    

 

Proof: Let t  be a curve with parameter s  at constant distance from   in 3

1 , then from (1) 

and (3), it is known that  
 

*

td ds d dt
t n

ds ds ds ds

 
 



     (4) 

or 

.t

ds
T t n

ds




   (5) 

 

If we take the Lorentzian norm of this expression, then it holds that 
 

2 2

2 1

ds

ds
   



  . 

 

Substituting the last equation into (5), the unit tangent vector of the curve t  is 

obtained as 

2 2

2 1

t

t n
T



   





 

for s I . 

By differentiating (4), we get  
 

 
2

2

1 22

td
t n b

ds


           

and 
 

     
3

2 3 2

1 2 1 2 1 2 1 23
3 2 .td

t n b
ds


                                  

 

Considering the derivative equations of the curve t , we can calculate the normal and 

binormal vectors Nt and Bt of αt as follows: 
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  

    

2

2 2 2 3
2 1 3 3

2 2
2 2 2 2 2 2 3

2 1 3 32

t t

t

t t

d d
t n bds dsB

d d

ds ds

 
          

 
            

     
 

   

 

and 

      

    

2 3 2 3 2 2

1 3 3 1 3

2
2 2 2 2 2 2 2 2 3

2 1 2 1 3 3

1
.t t t

t n b
N B T

                

                

       
  

    

 

On the other hand, the curvature and torsion functions of t  are obtained as: 

 

    

 

2
2

2 2 2 2 2 2 3
2 2 1 3 3

3 3

2 2 2
2 1

t t

t

t

d d

ds ds

d

ds

 
            




   

    

 



 

and 

 

    

2 3

2 2 2 32 3
2 3 2 1 3 3

2 22 2 2 2 2 2 2 3

2 1 3 3
2

det , ,

,

t t t

t

t t

d d d

ds ds ds

d d

ds ds

  

           


              

 
       

   


 

such that 
  

2

1 1 2 1 23         , 3 2

2 1 2 1 2              , 3 2         . 

 

So, the proof of the theorem is completed. 
 

Theorem 3.3. Let 
3

1:n I   be a curve at constant distance from   with the Frenet frame 

 , ,n n nT N B  and its curvature and torsion n  and n  in Minkowski 3-space. Then, the 

following equations hold: 
 

 

 

 

 

1 2

2 2 2 2

2 1 3

2 2 2

2 3 1

2 2 3 2 2 3 4
1 2 2 3 33 2 2 3

1 1 3 1 2 2 3 3 3 3 2 3
3 1 3 2 3

2 3 2 2 3
3 3

1
,

2 1

2 1

2

2

n

n

t b
T

t n

b
N

   

       

       

            
          

              

             

 


  

  

 
 
 
 

  
    

   

        


  

  

  

  

22

2 3

2
2 2 2 2 2

1 1 2

2
2 2 2 2 2

3 3 2 3 1

,

2

       

        

           

   

  

    

 
 
 
 
 
 
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   

 

   

 

2 2 2 3 2 2

1 2 3

2 2 2 2 3 2 2

3 2 3 1

2 2
2 2 2 3 2 2

1 1 2 2 3

2
2 2 2 2 3 2 2

3 3 2 3 1

,
n

t n

b
B

              

           

                

            

      

     


       

     

 

and 

   

 

 

   

 

2 2
2 2 2 2 2 3

2 3 1 1 2

2
2 2 2 2 3 2 2

3 3 2 3 1

3
22 2 2

3 1 1 2

2 2 2 2 2 3

2 2 3 2 2 1 1 2 1

2 2 2 2 3 2 2

3 3 2 3 3 1 3

2 3

,

1

n

n

                

            


      

                    

              


  

      

     


 

      

     


   

 

2 2
2 2 2 2 2 3

1 1 2

2
2 2 2 2 3 2 2

3 3 2 3 1

,
             

            

    

     

 

where 
 

       2 2 2 2 2

1 1 3 1 2 2 2 1 3 3 2 1 3
, 3 , .                                         

 

Proof: Let n  be a curve with parameter s  at constant distance from   in 3

1
, then from 

Equation (3), it is known that  
 

 1 2*
1nd ds d dn

t b
ds ds ds ds

 
    



      (6) 

or 

 1 21n

ds
T t b

ds
   



    (7) 

 

If we take the Lorentzian norm of this expression, then it holds that 
 

 
22 2

3 1 1 21
ds

ds
      



   . 

 

Substituting the last equation into (7), the unit tangent vector of the curve n  is 

obtained as: 

 

 

 
1 2

2 2 2 2

2 1 3

1

2 1
n

t b
T

   

       

 


  
 

 

for s I . By differentiating from Equation (6), we get  
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 
2

2 2

1 2 1 2 2 32

nd
t n b

ds


                  

and 

       

  

3
2 2 2

1 2 1 3 2 1 33

2 2

2 1 3

3

.

nd
t n

ds

b


               

       

          

   

 

 

Considering the derivative equations of the curve n , we can calculate the normal and 

binormal vectors nN  and nB  of n  as follows: 

 

   

 

   

 

2 2 2 3 2 2

1 2 3
2

2 2 2 2 3 2 2
2 3 2 3 1

2 2 2
2 2 2 2 2 3

2 3 1 1 22

2
2 2 2 2 3 2 2

3 3 2 3 1

n n

n

n n

t n
d d

bds dsB
d d

ds ds

              
 

           

 
                

            

      

      
 

      

     

 

and 

 
 

 

 

  
 

2

2 3 2 2 2 3

2
2 2 2 2 3 2 2

3 3 2 3 12 2 2 2

2 3 1

1

2 2 2 2 3 3
1 2 2 3 1 33 2 2 3

1 1 3 1

3

2 3 2 2 3
3 3

2 1

2
n n nN B T

t n

b

 

      

            
       

 

           
          

 

             

 
 
    
 

  

    
  



 
    



        

   
2 2

2 2 2 3 2 2

1 2 2 3

.

              

 
 
        
 

 

 

On the other hand, the curvature and torsion functions of n  are obtained as: 

 

   

 

 

2 2
2 2 2 2 3 2 2 2 2 2 2

3 3 2 3 1 1 1 2

22

2 3

3
22 2 2

3 1 1 21

n

                    

      


      

       

    


 

 

and 

   

  

   

 

2 2

2 2 3 1 1 2 1

2 2 2 3

3 3 3 2 1

2 2
2 2 2 3 2 2 2 2 2 3

3 3 2 3 1 1 1 2

2
2 2

2 3

2

2
n

              

          


                    

       

      

    


      

    

 

such that  
 

       2 2 2 2 2

1 1 3 1 2 2 2 1 3 3 2 1 3
, 3 , .                                          
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Theorem 3.4. Let 
3

1:b I   be a curve at constant distance from   with the Frenet frame 

 , ,b b bT N B  and its curvature and torsion b  and b  in Minkowski 3-space. Then, the 

following equations hold: 
 

   

 

       

 

   

2 3

2 2

2 1

2 3 3 2 2

1 2 1 3 2 3 3

2 3 4

2 3 3

2 2 2
2 2 3 2 2 2 2

2 2 1 1 3 3 2 2 1

2 3 2 2 2

1 2 2 3

2 2
2 2 3

2 2 1 1 3 3 2

,

( ) ( )
,

b

b

b

t n
T

t n

s s b
N

t n b
B

  

   

               

     

                 

          

           






     

 


       

    


       
2

2 2

,

 

 

and 

     

 

     

2 2 2
2 2 3 2 2

2 2 1 1 3 3 2

3
2 2 2

2 1

2 3 2 2 2

1 2 3 2 3 3

2 2 2
2 2 3 2 2

2 2 1 1 3 3 2

,

,

b

b

             


   

            


             

      





    


      

 

where  
 

     2 2 3

1 1 3 2 1 3 2 1 3 3 2 3, , 1 2 .                                      

 

Proof: Let b  be a curve with parameter s  at constant distance from   in 3

1
, then from 

Equation (3), it is known that  
 

2 3*

bd ds d db
t n

ds ds ds ds

 
   



     (8) 

or 

2 3 .b

ds
T t n

ds
  



   (9) 

 

If we take the Lorentzian norm of this expression, then it holds that 
 

2 2

1 2

ds

ds
   



   . 

 

Substituting the last Equation into (9), the unit tangent vector of the curve b  is 

obtained as 
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2 3

2 2

2 1

n

t n
T

  

   





 

 

for s I . By differentiating from Equation (8), we get 
 

 
2

2

1 3 2 3 2 32

bd
t n b

ds


              

and 

   

 

3
2 2 3

1 3 1 3 1 2 1 3 1 33

2 3 2 3

( )

2 .

bd
s t n

ds

b


                   

      

        

  

 

 

Considering the derivative equations 
2

2
,b bd d

ds ds

 
, and 

3

3

bd

ds


of the curve b , the normal and 

binormal vectors bN  and bB  of b  are found as follows: 

 

 

     

2

2 3 2 2 2
2 1 2 3 2

2 2 2 2
2 2 3 2 2

2 2 1 1 3 3 22

b b

b

b b

d d
t n bds dsB

d d

ds ds

 
          

 
             

      
 

      

 

and 

     

       

2 3 3 2 2 2 3 4

1 2 1 3 2 3 3 2 3 3

2 2 2
2 2 3 2 2 2 2

2 2 1 1 3 3 2 2 1

.b b b

t n b
N B T

                     

                 

       
  

       

 

 

On the other hand, the curvature and torsion functions of b  are obtained as: 

 

     
2

2 2 2
2 2 3 2 2

2 2 2 1 1 3 3 2

3 3
2 2 2

2 1

b b

b

b

d d

ds ds

d

ds

 
             




   

       

 



 

and 

 

     

2 3

2 3 2 2 22 3
1 2 3 2 3 3

2 2 2 22 2 2 3 2 2

2 2 1 1 3 3 2
2

det , ,b b b

b

b b

d d d

ds ds ds

d d

ds ds

  

            


               

 
        

      


, 

such that 
 

     2 2 3

1 1 3 2 1 3 2 1 3 3 2 3, , 1 2 .                                      

 

Corollary 3.5. Let the curve   be a circular helix ( and  are non-zero constants) in 

Minkowski 3-space, then the curves t , n , and b  are circular helix. 
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Proof: Let t , n , b  be curves at constant distance from  , if the curvature   and torsion 

  of the curve   are non-zero constants; 

 from Theorem 3.2, it can be said that t

t




 is constant, 

  from Theorem 3.3, it can be said that n

n




 is constant, 

 from Theorem 3.4, it can be said that b

b




 is constant. 

 

 

4. RULED SURFACES GENERATED BY THE CURVES OBTAINED AT A 

CONSTANT DISTANCE FROM THE NON-NULL CURVE. 
 

 

In this section, ruled surfaces whose basic curves are the curves obtained from a space 

curve at a constant distance and whose generators are the tangents of these curves are 

examined. The developability of these ruled surfaces is investigated by using the distribution 

parameters. 
 

Definition 4.1. A ruled surface in Minkowski 3-space by using generator vectors tT , nT , and 

bT  can be presented as 

     

     

     

, ,

, ,

, ,

t t t

n n n

b b b

X s v s vT s

X s v s vT s

X s v s vT s







 

 

 

 

 

where the base curves t , n , and b  of the surfaces are defined by (3). 

 

Theorem 4.2. Let t  be a curve obtained at a constant distance from the curve   and tT  be a 

tangent vector of t . Then, the ruled surface      ,t t tX s v s vT s   is developable. 

 

Proof: Let  ,tX s v  be a ruled surface with the base curve t  and the generator vector tT . 

Using Equation (2) from Theorem 2.1, we get 
 

      det , , 0t t ts T s T s    . 

 

So, we can say that  ,tX s v  is developable. 

 

Theorem 4.3. Let n  be a curve obtained at a constant distance from the curve   and nT  be 

a tangent vector of n . Then, the ruled surface      ,n n nX s v s vT s   is developable if 

the curve   is planar. 
 

Proof: Let  ,nX s v  be a ruled surface with the base curve n  and the generator vector nT . 

From Theorem 2.1, we get 
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           1 2 3 2 2 2 2 1 1det , ,n n ns T s T s                   

such that 

 1 2

1
2 2 2 2

2 3 1 1

1

2

  


        




  
 and 2

2 2 2 2

2 3 1 12




        


  
. 

 

So, since 0  , there exists  
 

    1 2 3 2 2 2 2 1 1 0.                 

 

Therefore, we get       det , , 0n n ns T s T s    . We can say that  ,tX s v  is 

developable. 
 

Theorem 4.4. Let b  be a curve obtained at a constant distance from the curve   and bT  be 

a tangent vector of b . Then, the ruled surface      ,b b bX s v s vT s   is developable. 

 

Proof: Let  ,bX s v  be a ruled surface with the base curve b  and the generator vector bT . 

From Theorem 2.1, we get 
 

          3 2 3 2 2 1det , , . ,b b b b b bs T s T s T T                  

where 

2 3 ,b t n          1 1 2 2 1 2 2 ,bT t n b                
2 3

2 2

2 1

,b

t n
T

  

   





 

and 

1
2 2

2 1

1


   



, 2 3

2
2 2

2 1

.
  


   





 

 

So, since 0  , there exists  
 

 3 2 3 2 2 1 , 0.          

 

Therefore, we can say that  ,bX s v  is developable. 

 

 

4. APPLICATIONS 
 

 

Example 4.1. Let us consider a timelike curve parameterized as 
 

 
5 5 4

sinh 3 , cosh 3 ,
9 9 3

s s s s
  

  
 

. 

 

Then, the Frenet vectors of the timelike curve   are given by 
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 

 

5 5 4
cosh 3 , sinh 3 , ,

3 3 3

( ) sinh 3 , cosh 3 ,0 ,

4 4 5
( ) cosh 3 , sinh 3 , .

3 3 3

T s s s

N s s s

B s s s

 
   
 

  

  
  
 

 

 

Thus, for 1  , the curves at a constant distance from the timelike curve are 
 

     
 

 

 
 

4 15 5
3cosh 3 sinh 3 , cosh 3 3sinh 3 , ,

9 9 3

14 14 4
sinh 3 , cosh 3 , ,

9 9 3

5 44 5 5 4
cosh 3 sinh 3 , cosh 3 sinh 3 , .

3 9 9 3 3

t

n

b

s
s s s s s

s
s s s

s
s s s s s







 
     
 

 
   
 

 
     
 

 

 

 

Figure 1. The curves t (red), n (green), and b  (blue) at a constant distance from the timelike curve 

  (black) with ,
6 6

s
  

  
 

. 

 

On the other hand, we have the ruled surfaces constructed by the curves obtained at a 

constant distance from the curve as follows (Figures 2-4): 
 

 
   

     

        

 
  h

,

2
,

40 3cosh 3 sinh 3 5 cosh 3 3sinh 3 ,1
,

72 40 cosh 3 3sinh 3 5 3cosh 3 sinh 3 , 4 24 24

7 3 cosh 3 20sinh 3 ,7 20cosh 3 3 sinh 3 , ,

15 12cosh 3 5 3

6 20
18

sinh 3 5cosh 3 12sin

3

1

0

,
1 5

t

n

b

X s v
s s v s s

s s v s s s

v s s s v s

s s v

v

X s v s v

X s
s

v

   
  

       

   

 

 


   

       
.

3 ,

15 5cosh 3 12sinh 3 3 12cosh 3 5sinh 3 , 3 15 5 4 4

s

s s v s s s v








   


 
 
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Figure 2. The ruled surface tX  constructed by the curve t  obtained at a constant distance from the 

timelike curve with ,
6 8

s
  

  
 

 and  10,10v   . 

 
Figure 3. The ruled surface nX  constructed by the curve n  obtained at a constant distance from the 

timelike curve with ,
6 8

s
  

  
 

 and  10,10v   . 

 

 
Figure 4. The ruled surface bX  constructed by the curve b  obtained at a constant distance from the 

timelike curve with ,
6 8

s
  

  
 

 and  10,10v   . 

 

 

5. CONCLUSIONS 
 

 

In this study, the constant distance curves were obtained using tangent, normal, and 

binormal vectors of a unit speed space curve in Minkowski 3-space. Then, the Frenet vectors 



                 Developability of Ruled Surfaces Generated by Curves…                                                                Kemal Eren et al. 

 

www.josa.ro                                                                                                                                                   Mathematics Section  

542 

of these curves, curvature, and torsion functions were calculated by using the curvature and 

torsion of the given unit speed curve. Additionally, the developability of ruled surfaces 

generated using these curves and their tangents were investigated. Finally, an example 

containing these curves and surfaces was given, and their graphs are drawn. A similar study 

can be conducted to investigate the developability of ruled surfaces generated by the normal 

and binormal vectors of a space curve. Furthermore, such a study can be extended to examine 

the minimality of these surfaces. 
 

 

REFERENCES 

 

 

[1] Guggenheimer, H. W., Differential geometry, McGraw-Hill, New York, USA, 1963. 

[2] Hoschek, J., Liniengeometrie, Bibliographisches Institute, Zürich, Switzerland, 1971. 

[3] Gluck, H., American Mathematical Monthly, 73, 699, 1966. 

[4] Sağıroğlu, Y., Köse, G., Sinop University Journal of Natural Sciences, 9, 1, 2024. 

[5] Çakmak, A., Kızıltuğ, S., Mumcu, G., Computer Modeling in Engineering Sciences, 

135, 2731, 2023. 

[6] Sağıroğlu, Y., Köse, G., Journal of Universal Mathematics, 7, 57, 2024. 

[7] Güler, F., Celal Bayar University Journal of Science, 18, 203, 2021. 

[8] Yüksel, N., Saltık, B., Damar, E., Gümüşhane University Journal of Science, 12, 480, 

2022. 

[9] Karacan, M. K., Bükcü, B., Erciyes University Journal of Institute of Science and 

Technology, 24, 334, 2008. 

[10] Kroopnick, A. J., Two-Year College Mathematics Journal, 13, 59, 1982. 

[11] Yıldız, Ö. G., Tosun, M., Advances in Applied Clifford Algebras, 27, 2873, 2017. 

[12] Özen, K. E, Tosun, M., Universal Journal of Mathematics and Applications, 4, 26, 

2021. 

[13] Savić, A., Eren, K., Ersoy, S., Baltić, V., Mathematics, 12, 2015, 2024. 

[14] Ersoy, S., Eren, K., Çalışkan, A., Axioms, 13, 612, 2024. 

[15] Li, Y., Eren, K., Ersoy, S., AIMS Mathematics, 8, 22256, 2023. 

[16] Li, Y., Eren, K., Ayvacı, K. H., Ersoy, S., AIMS Mathematics, 7, 20213, 2022. 

[17] Ersoy, S., Eren K., Abstract and Applied Analysis, 2016, 7, 2016. 

[18] Yıldız, Ö.G., Karakuş, S.Ö., Hacısalihoğlu, H.H., Bulletin of Mathematical Sciences, 

5, 137, 2015. 

[19] Yıldız, Ö.G., Karakuş, S.Ö., Hacısalihoğlu, H.H., International Electronic Journal of 

Geometry, 9, 62, 2016. 

[20] Elsharkawy, A., Elsayied, H.K., Refaat, A., European Journal of Pure and Applied 

Mathematics, 18, 5710, 2025. 

[21] Eren, K., Ersoy, S., Khan, M.N.I., AIMS Mathematics, 10, 8364, 2025. 

[22] Eren, K., Ayvacı, K.H., Şenyurt, S., Journal of Science and Arts, 23, 77, 2023. 

[23] Şenyurt, S., Eren, K., Kyungpook Mathematical Journal, 62, 509, 2022. 

[24] Eren, K., Ersoy, S., Khan, M. N. I., AIMS Mathematics, 10, 8891, 2025. 

[25] Kelleci, A., Eren, K., Mathematical Sciences and Applications E-Notes, 8, 178, 2020. 

[26] Doğan Yazıcı, B., İşbilir, Z., Tosun, M., Mathematical Methods in the Applied 

Sciences, 46, 8532, 2023. 

[27] İşbilir, Z., Tosun, M., Analele Stiintifice ale Universitatii Ovidius Constanta: Seria 

Matematica, 31, 177, 2023. 

[28] Lopez, R., International Electronic Journal of Geometry, 7, 44, 2014. 

[29] O'Neill, B., Elementary Differential Geometry, Academic Press, New York, 1966. 


