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Abstract:- The present research article discuss a 

mapping scheme from the subsets of the complex Matrix 

space ( )m nM C characterized by set of Global Mass 

factor and Global Alignment factor, denoted as  

( , )M r c , to the subset of  the Matrix space 2 2 ( )M C  

which consist of all Hermitian, unit trace, positive 

definite and positive semi definite matrices of order 2, 

denoted as 
2 2

ˆ[ ( )]S M C
.  The Mathematical formalism 

is presented and illustrated through appropriate 

Numerical examples. 
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Notations 
 

 ( )m nM C  denotes the Complex Matrix space of  

Matrices of order m by n 

 2 2 ( )M C  denotes the Complex Matrix space of  

Matrices of order 2 

 ( )R A  denotes the Global Mass Factor associated with 

the matrix m nA   

 ( )C A  denotes the Global Alignment Factor associated 

with the matrix m nA   

 0 ( )R A  denotes the Effective Global Mass Factor 

associated with the matrix m nA   

 c  denotes the modulus of the complex number c  

  1 2, ,...., me e e  denotes the standard Orthonormal 

basis in 
mC  and  1 2, ,...., nf f f  denotes the 

standard Orthonormal basis in
nC  

 c
 denotes the complex conjugate of the complex 

number c  

 
3( )R R  denotes the Real vector space of all real 3-

tuplets 

   denotes the magnitude of the real vector  , 

3( )R R   

 
HX  denotes the Hermitian conjugate of the matrix X  

 ( , )M r c Is a subset of the Complex Matrix space

( )m nM C , characterized by the numerical values of the 

Global Mass factor and Global alignment factor, r  and 

c  , respectively. 

 

 2 2 1 2 3

1 0 0 1 0 1 0
, , ,

0 1 1 0 0 0 1

i
I

i


       
             

        

, 1 2 3, ,    are the Pauli Matrices of order 2 
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 
 
 
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I. INTRODUCTION 

 

The present research article attempts to study the 

utility of subsets ( , )M r c of the complex matrix space 

( )m nM C  which are characterized by the ordered pair 

corresponding to the Global Mass and Global Alignment 

factors, in context of the mathematical structures of 

relevance in Quantum Information theory and related 

disciplines. In this article a Mapping scheme is presented 

that allow us to associate every element of the given subset 

( , )M r c  with a Hermitian, unit trace, Positive 
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definite/Semi definite matrix belonging to the subset 

2 2
ˆ[ ( )]S M C

 of the Matrix space
2 2 ( )M C

, which has 

interpretation as Quantum state (Density Matrix) description 

of a Qubit in Quantum Information theory. This Mapping 

scheme is so formulated that the individual matrix elements, 

through their modulus and phase factors play a composite 

role in determining the Global and Effective Global mass 

factors and Phase term interrelationships, which in turn 

determine the diagonal and off diagonal elements of the 

mapped matrix array belonging to the Matrix space

2 2 ( )M C
. 

 

 

II. MATHEMATICAL FRAMEWORK AND 

ASSOCIATED ANALYSIS 
 

The following results, stated in [1], are used to provide 

the groundwork for the formalism described in this research 

article: 

 

 
1 1

( ),
m n

m n ij i j

i j

A M C A a e f

 

  ,  ,ij ij ija r c  

,ij ijr a  ijc C , 1ijc  , we consider the following 

convention that in the case of zero matrix elements of 

matrix A :   0 0, 1ij ij ija r c     

 
1 1

( ) ,
m n

ij

i j

R A r
 

  

0

1 1

( ) (1 exp( ))
m n

ij ij

i j

R A r r
 

    

 11 12 1 21 22 2 1 2

1 1

( ) .... .... ......... ....
m n

n n m m mn ij

i j

C A c c c c c c c c c c
 

 

 ,  ( ) , ( ) 1, ( )m nC A C C A A M C     

 

  ( , ) ( ), ( , ) ( ) | 0 , ( ) , ( )m n m n m nM r c M C M r c A M C A R A r C A c       

 where we have the condition: 0, , 1r c C c    

 

0

( )(1 exp( ))
ij

ij ij

r
r

r
    , where 

0

1 1

(1 exp( ))
m n

ij ij

i j

r r r
 

   , is the numerical 

realization of the Effective Global Mass factor 0 ( )R A  

 ( ),
ij

ij

r

r
   where 

1 1

,
m n

ij

i j

r r
 

   is the numerical 

realization of the Global Mass factor ( )R A  

 0, 1,2,.. ; 1,2,....,ij i m j n       and we have : 

1 1

1
m n

ij

i j


 

  

 0, 1,2,.. ; 1,2,....,ij i m j n       and we have : 

1 1

1
m n

ij

i j


 

  

 

We define the following: 

 

 
1 2.....i i i inc c c  ,  2 .....j ij j mjc c c   ,  Therefore,  

1 2 2..... .....i j i i in ij j mjc c c c c c    

1,2,.. ; 1,2,....,i m j n    , we have: 

, 1, 1,2,.... ; 1,2,....,i j i jC i m j n         

 

 
( )

,
1 ( )

ij i j

ij

ij i j

  


   

 
 
 
 

  

( )

1 ( )

ij i j

ij

ij i j

  


   

 
 
 
 

 ,  therefore, we have the 

following: 

 

1ij ij    ,  1ij ij    ,   

 

            

(1 )( )( )

(1 )( ) ( ) (1 )

ij ij ij i j i j

ij ij

ij ij i j i j ij

      
 

       

 
 
  
 

 , 

 
              

(1 )( )( )

(1 )( ) ( ) (1 )

ij ij ij i j i j

ij ij

ij ij i j i j ij

      
 

       

 
 
  
 

 

 

             Where 1,2,.. ; 1,2,....,i m j n   

 

 
2 2 2 2

ˆ[ ( )] ( ),S M C M C   such that : 

 
2

2 2 2 2 2 1
ˆ[ ( )] { ( ) | , ( ) 1, 0, , 0, , 0 }HS M C Q M C Q Q Trace Q v Q v or v Q v v C v          

 

 
1 1 1 1

1 1
( ) ( )
2 2

m n m n

ij ij ij ij ij ij

i j i j

      
   

  

 ,  therefore,  we have the following : 

 

11 12

21 22

 


 

 
  
 

,       where we have: 

11

1 1

m n

ij ij

i j

  
 

  ,  22 11

1 1

1 1 ( )
m n

ij ij

i j

   
 

      
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12

1 1

1
( ) [ (1 ) (1 )]( )( )
2

m n

ij ij ij ij ij ij i j i j

i j

          
 

   

 

 

21 12

1 1

1
( ) [ (1 ) (1 )]( ) ( )
2

m n

ij ij ij ij ij ij i j i j

i j

             

 

    

 

Clearly, 
2 2

ˆ[ ( )]S M C   

 

 The complete mapping scheme is described in terms of 

the Transformation  ̂ : 

 

2 2
ˆˆ : ( , ) [ ( )]M r c S M C  ,    such that:  

 

1 1

ˆ ( )
m n

ij ij i j

i j

r c e f
 

    

 

                                               

1 1 1 1

1 1 1 1

1
( ) [ (1 ) (1 )]( )( )
2

1
( ) [ (1 ) (1 )]( ) ( ) 1 ( )
2

m n m n

ij ij ij ij ij ij ij ij i j i j

i j i j

m n m n

ij ij ij ij ij ij i j i j ij ij

i j i j

           

           

   

 

   

 
   

 
 

    
 

 

 

 

 

            Numerical Examples 

 

1) 
2 3

1 0 0

0 1 0
A 

 
  
 

,  we have the following Numerical 

Results: 
 

 ( ) 2r A    ,   ( ) 1c A   ,    

0 ( ) 2(1 exp( 1)) 1.2642r A          .... (up to 4 

decimal places) 

 11 12 13 21 22 23

1 1
, 0, 0, 0, , 0

2 2
            

 11 12 13 21 22 23

1 1
, 0, 0, 0, , 0

2 2
            

 1, 1,2,...., ; 1,2,....,i j i m j n       

 2 3 2 2

1 1

2 2ˆ ( )
1 1

2 2

A  

 
 

      
 
  

 ,   where 

11

12

 
   

 
 

 

2) 
2 3

2 0 0

0 0 0
B 

 
  
 

,  we have the following Numerical 

Results: 

 

 ( ) 2r B   ,   ( ) 1c B    ,    

0 ( ) 2(1 exp( 2)) 1.7293r B          .....(up to 4 

decimal places) 

 
11 12 13 21 22 231, 0, 0, 0, 0, 0            

 
11 12 13 21 22 231, 0, 0, 0, 0, 0            

 1, 1,2,...., ; 1,2,....,i j i m j n       

 
2 3 2 2

1 0
ˆ ( ) 0 0

0 0
B  

 
    

 
,   where 

1
0

0

 
  
 

 

 

3) 
2 3

0 0

0 0

i
C

i


 
  

 
 ,  we have the following 

Numerical Results: 
 

 0( ) 2, ( ) 1, ( ) 2(1 exp( 1)) 1.2642r C c C r C     

             .....(up to 4 decimal places) 

 1 1 1 2 1 3 2 1 2 2 2 31, 1, , 1, 1,i i                    

 

 11 12 13 21 22 23

1 1
, 0, 0, 0, , 0

2 2
            

 11 12 13 21 22 23

1 1
, 0, 0, 0, , 0

2 2
            

 2 3 2 2

1 1

2 2ˆ ( )
1 1

2 2

C  

 
 

      
 
  

 

 

4) 
2 3

0
1

2
0

02

i

D i

 
  
 
 

 ,  we have the following 

Numerical Results: 

 

 (1 exp( 1)) 0.6321u        and  

1 1( )(1 exp( )) 0.1967
22

w       .....(up to 4 

decimal places) 

 0( ) 2, ( ) 1, ( ) 2r D c D r D u w     

 11 12 13 21 22 23( ), 0, ( ), 0, ( ), 0
2 2 2

u w w

u w u w u w
          

  
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 
11 12 13 21 22 23

1 1 1
, 0, , 0, , 0

2 4 4
          

 

 
1 1 1 2 1 3 2 1 2 2 2 3, 1, 1, , 1, 1i i                    

 

 
11 12

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

21 22

1ˆ ( ) ( )( )
2

D I
 

   
 

  

 
          

 
,  where we have the following: 

 

11

2 2
( ) 0.404087
4 8

u w

u w



 


 ,   

22

2 6
( ) 0.595913
4 8

u w

u w



 


 ,  

 

2

12

3 2
( ) 0.094158

4 8

w u uw w uw

u w


   
  


 

,  

2

21 12

3 2
( ) 0.094158

4 8

w u uw w uw

u w
      

   


      ..... (up to 6 decimal places) 

 

Eigenvalues of 2 2   :  0.634407  ,  0.365593    ..... (up 

to 6 decimal places) 

 

2

1

2

3

3 2
1

( ) 0
2 4

2

w u uw w uw

u w
w



 



     
  

             

,  0.268813   ,  
3( )R R   

 

5) 
2 3

1 1 1

1 1 1
E 

 
  
 

 ,   we have the following Numerical 

Results: 

 

 0( ) 6, ( ) 1, ( ) 6(1 exp( 1)) 3.7927r E c E r E     

   .....(up to 4 decimal places) 

 
1

( )
6

ij   ,  
1

( )
6

ij   , 

1,2,...., ; 1,2,....,i m j n    

 1, 1,2,...., ; 1,2,....,i j i m j n       

 2 3 2 2

11 5

6 1 56 6ˆ ( )
6 655 5

66 6

E  

  
    
       
    
  

   
 

 

 

1

2

3

5

3

0

2

3



 



 
  
  

    
      
  

 ,  
31, ( )R R    

 

6) 
2 3

1

1

i i
F

i i


  
  

  
 , we have the following 

Numerical Results: 

 

 0( ) 6, ( ) 1, ( ) 6(1 exp( 1)) 3.7927r F c F r F     

    .....(up to 4 decimal places) 

 
1 1

( ), ( ), 1,2,...., ; 1, 2,....,
6 6

ij ij i m j n       

 1 1 1 2 1 3 2 1 2 2 2 3, , 1, , , 1i i i i                    

 

 

 2 3 2 2

1 5

6 18ˆ ( )
5 5

18 6

F  

 
 
   
 
 
 

 

 

Eigenvalues of 2 2   :  0.855729  and  0.144271  

 

 

1

2

3

5

9

0 ,

2

3



 



 
  
  

    
      
  

      0.711458,     

3( )R R   

 

III. DISCUSSION AND CONCLUSION 

 

The Mapping scheme described in this research article 

maps a non-zero, complex Matrix belonging to the Matrix 

space ( )m nM C , to unit trace, Hermitian, Positive 

definite/semi definite 

 

Matrices belonging to the matrix space 2 2 ( )M C , 

such that both the modulus terms and the phase terms play 

intricate roles in determining the diagonal and off-diagonal 

elements of the mapped matrix of order 2, the modulus 

terms alone determine the Global mass factor and the 

Effective Global mass factor, together they determine the 

weightage terms ij ’s and ij ’s  and thereby, the diagonal 

terms of the matrix 2 2  . The off-diagonal terms, are 
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determined by both the weightage terms ij ’s and ij ’s as 

well as the composite phase terms i j  ’s, thus, the 

structure of the mapped matrix array is determined by the 

composite effect of the individual modulus term 

contributions  and phase factor interrelationships. 

 

 

In the Numerical examples 1 through 4, we observe 

that the matrices
2 3 2 3 2 3 2 3, , ,A B C D   

 belong to the subset 

( 2, 1)M r c   of the Complex Matrix space 2 3( )M C , 

2 3A  and 2 3C   are mapped to the same positive semi definite 

matrix even though they have different phase 

interrelationship structures, 
2 3B 

is mapped to a positive 

semi definite matrix while 
2 3D 

is mapped to a positive 

definite matrix. 

 

In the Numerical examples 5 and 6, we observe that 

the matrices 2 3E   and 2 3F  belong to the subset 

( 6, 1)M r c  , However, owing to differences in their 

phase factor interrelationships we observe that both possess 

the same set of diagonal elements but different off-diagonal 

terms, such that 2 3E  is mapped to a positive semi definite 

matrix while 2 3F  is mapped to a positive definite matrix. In 

subsequent studies, the mapping formalism will be analyzed 
in more depth to understand its intricacies and its scope of 

applicability in real life Theoretical/Computational 

problems. 
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