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Abstract- We consider S-K normal bimatrix and 

conjugate SK normal bimatrix. We discuss some of the 

most important properties of Sk normal bimatrix and 

conjugate S-K normal bimatrix.  Also secondary K 

normal bimatrices are obtained 

 

Index Terms- Normal, SK – normal, Bimatrix, Sk-

normal Bimatrices moore-Penrorse inverse. Ams 

classification 15A09, 15A57, 11B25, 11C20. 

I. INTRODUCTION 

Matrices provide a very powerful tool for dealing wit

h linear models. Bimatrices are still a powerful and a

n advanced  tool which 

can handle over one linear model at a time. Bimatric

es are useful when time bound comparisons are need

ed  in the analysis of amodel  A square complex 

matrix nnB CA  is called normal if 

BBBB AAAA


 where 
T

BB AA 
*

denotes the 

conjugate transpose of  .2A   There are many 

equailenet conditions in the literature for a square 

matrix to be normal  3 .  For an mxn complex matrix 

A, the Moore Penrose inverse 
†A of  2A  is the 

unique nxm matrix X satisfying the following four 

Penrose equations:  
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 Recently, Hill and Waters  3  have 

developed a theory for k-real and k-hermitian 

matrices.  Ann Lee  1 has initiated the study of 

Secondary symmetric matrices, that is matrices 

whose entries are symmetric about the (Skew) 

Secondary diagonal.  Ann Lee has shown that for 

complex matrix, 
S

BA are related as 

B

T

BB

S

B VAVA   where ‘V’ is the permutation 

matrix with units in the secondary diagonal.  The 

concept of s-normal matrices is introduced by S. 

KJrishnamoorthy & R. Vijayakumar [6] and the 

concept of k-normal matrices introduced by S. 

Krishnamoorthy and R. Subhash [7].  In this paper 

characterization of s-k normal bimatrices are 

discussed.   

We introduced Mingle the Bimatrices and Sk-normal 

matrices. 

II. PRELIMINARIES AND NOTATIONS 

 Let Cnxn be the space of nxn complex 

matrices of order n. For nxnB CA  , let 

S

BBB

T

B AAAA ,,
*

and 


BA denote the transpose, 

Conjugate, Conjugate transpose secondary transpose 

and conjugate secondary transpose of matrix BA

respectively.  Throughout, let ‘k’ be a fixed product 

of disjoint transpositions in nS  the set of all 

permutations on  n,...,3,2,1 and K be the 

associated permutation matrix with units in the 

secondary diagonal. BK '' and BV '' clearly satisfies 

the following properties.  

1; 2*  BB

S

BB

S

B

T

BB KKKKKKK  

1; 2*  BB

S

BB

S

B

T

BB VVVVVVV
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III. DEFINITION 

         1) A Bimatrix BA is define as union of two rectangular array of numbers 21 & AA     arranged into rows  and 

columns.It is written as 21 AAAB   

 

          2)A matrix nxnB CA  is said to secondary k-normal (s-k normal)  bimatrix if  

     BBBBBBBBBBBB AKVAVKKVAVKA
**

  

       212121

*

2

*

12121 AAKKVVAAVVKK   

 Where BBB KVA ,, be the bimatrices.  

IV. EXAMPLE 

 BBBB VVKK  ,  

     BBBBBBBBBBBB AKVAVKKVAVKA
**

  

        2121

*

2

*

1212121 KKVVAAVVKKAA  

        212121

*

2

*

12121 AAKKVVAAVVKK   

     22

*

22211

*

11121 KVAVKKVAVKAA   =      2122

*

22211

*

111 AAKVAVKKVAVK   
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      222

*

22211111122

*

222211

*

1111 )( AKVAVKAKVAVKKVAVKAKVAVKA  
 

V. REMARK 

 The concept of S-K normal bimatrices is analogous to that of normal matrices. 

VI. SOME OF THE THEOREMS 

Theorem :6.1  

The transpose of an S-K normal bimatrix is S-K normal bimatrix. 

Proof: 

 Set nnB CA   

 BA  is SK normal bimatrix  

     BBBBBBBBBBBB AKVAVKKVAVKA **   

      TBBBBBB

T

BBBBBB AKVAVKKVAVKA **   
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    TBBBBB

T

B

T

B

T

BBBBB KVAVKAAKVAVK **   

   BB

T

BBB

T

B

T

BBB

T

BBB KVAVKAAKVAVK *
 

 
         

        2121

*

2

*

1212121

212121

*

2

*

12121

KKVVAAVVKKAA

AAKKVVAAVVKK

TTTT

TTTT




 

 
           

        TT

TT

AAKVAVKKVAVK

KVAVKKVAVKAA

2122

T*

22211

T*

111

22

T*

22211

T*

1112

*

1




 

Therefore A
T
 is SK – normal bimatrix. 

 

Theorem :6.2 

 The secondary transpose of an SK normal Bimatrix is SK normal bimatix 

Proof: 

     BBBBBBBBBBBB AKVAVKKVAVKA **   

      SBBBBBB

S

BBBBBB AKVAVKKVAVKA **   

      BB

S

BBB

S

B

S

BBB

S

BBB KVAVKAAKVAVK **   

 
       

        2121

*

2

*

1212121

2121

*

2

*

12121

KKVVAAVVKKAA

AAVVAAVVKK

SSSS

SSSS




 

 
       

      SSSS

SSSS

AAKVAVKKVAVK

KVAVKKVAVKAA

2122

*

22211

*

111

22

*

22211

*

11121




 

Thus 
S

BA is SK normal Bimatrix. 

 

Theorem: 6.3 

 The conjugate of an SK normal Bimatrix is SK normal Bimatrix.  

Proof: 
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     BBBBBBBBBBBB AKVAVKKVAVKA ** 


 

     BBBBBBBBBBBB AKVAVKKVAVKA **
_
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       22

*

22211

*

11122

*

22211

*

11121 KVAVKKVAVKKVAVKKVAVKAA   

Hence BA is SK normal Bimatrix  

Theorem : 6.4 

 Real secondary K – symmetric bimatrix are SK normal bimatrix. 

Proof: 

 Let nnB CA   

               Let BA be a real S-K symmetric bimatrix  

  Thus  BBBBBBB

T

BBBB KVAVKKVAVKA *  

       212121212121 KKVVAAVVKKAA
T

  

which implies that       2121

*

2

*

12121 KKVVAAVVKK   

       BBBBBBBBBBBB AKVAVAKVAVAA **   

       222221111121 KVAVKKVAVKAA TT
 

        22

*

22211

*

111 KVAVKKVAVK   

      22

*

22211

*

11121 KVAVKKVAVKAA   

         212222211111 AAKVAVKKVAVK   

 Hence isAB  
S-K normal bimatrix. 

 

Theorem:6.5 

 Real secondary K-skew symmetric bimatrices are SK normal bimatrix. 

 

 If A is a real S-K Skew symmetric bimatrix then  

    BBBBBBB

T

BBBB KVAVKKVAVKA *  

 
       

      2121

*

2

*

12121

212121212121

KKVVAAVVKK

KKVVAAVVKKAA
T




 

     222221111121 KVAVKKVAVKAA TT   

         22

*

22211

*

111 VKAVKVKAVK   

which is implies that  

      2222211

*

11121 KVAVKKVAVKAA   

          2122

*

22211

*

111 AAVKAVKVKAVK   

Hence isAB S-K normal. 

Theorem :6.6 

 The real secondary K-orthogonal Bimatrices and S-K normal Bimatrix. 

Proof: 

 Let BA be a real S-K orthogonal Bimatrix  

     BBBB

T

BBBBB

T

BBBB IAKVAVKKVAVKA   

 BB

T

BBBB KVAVKA 1
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 Since BA is real  

   BBBBB

T

BBBB IAAKVAVKA  1
and  

   BBBBBB

T

BBB IAAAKVAVK  1
 

    21

1

2121

1 IIAAAAAA BB 


 

 
21

1

22

1

11 IIAAAA 


 

 Thus BA is S-K normal bimatrix. 

Theorem:6.7  

 Secondary K – Hermition bimatrices are S-K normal Bimatrix. 

   BBBBBB AKVAVK 
 

   2

BBBBBBB AKVAVKA  
 

Also,    2*

BBBBBBB AAKVAVK   

     BBBBBBBBBBBB AKVAVKKVAVKA    

     22

*

22211

*

11121 KVAVKKVAVKAA   

      2122

*

22211

*

111 AAKVAVKKVAVK   

 Thus BA is S-K normal bimatrix. 

Theorem: 6.8 

 Secondary K – Skew Hermition bimatrices and SK normal bimatrix. 

 By Definition,  
BBBBBB AKVAVK 

*
 

     2*

BBBBBBB AKVAVKA   

   Also   2*

BBBBBBB AAKVAVK   

  
    

    2122

*

22211

*

111

22

*

22211

*

11121

AAKVAVKKVAVK

KVAVKKVAVKAA





 

             

 Thus BA is S-K normal bimatrix. 

Lemma:6.9  

 Let nnBB CNA  , if BN is S-K normal bimatrix such that 

BBBBBBBBBB NKVNVKANNA  &  

 then     BBBBBBBBBB AKVNVKKVKVNA
**   

   

Theorem:6.10  

 If A and C are two S-K normal Bimatrix such that AC =CA. 

    &
**

BBBBBBBBBBBB AKVCVKKVCVKA   

   BBBBBBBBBB KVAVKCCKVAVK **   then A + C and AC are also S-K normal matrices.  

Proof: 

 Let nnBB cCA ,   

 Let BB CA & be S-K normal bimatrices such that BBBB ACCA   

By Lemma: 10 
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          BBBBBBBBBBBBBBBB KVCAVKCAKVCAVKCA ***
  

           BBBBBBBBBBBBBB KVCAVKCAKVCAVK ***
  

          BBBBBBBBBBBBBB CKVCAVKAKVCAVK ****   

       BBBBBBBB CAKVCAVK  **
 

          2121

*

2

*

1

*

2

*

12121 CCAACCAAVVKK   

      

          2122

*

22211

*

1112122

*

22211

*

111 CCKVCVKKVCVKAAKVAVKKVAVK   

   BB CA  IS S-K normal Bimatrix  

Also  

           BBBBBBBBBBBBBBBB CAKVACVKKVCAVKCA 
*

 

           2121

*

2

*

1

*

2

*

121212121 KKVVCCAAVVKKCCAA   

  

            21212121

*

2

*

1

*

2

*

12121 AACCKKVVAACCVVKK   

  )()( 22222211111121 KVCAVKKVCAVKAA 

 
=

))(()( 21222222111111 AAKVACVKKVACVK  
 

  

Hence  

 BBBB ACCA   
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