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Abstract:  In this paper we forward methods of construction of Fourier matrices of order 11 and 13 by the multiplication of suitable 

permutation matrix with suitable linear combination of adjacency matrices of suitable coherent configuration. 

 

Index Terms - Coherent configuration, Fourier matrices. 

  

I. INTRODUCTION 

COHERENT CONFIGURATION (CC)  is defined as a partition  },...,,,{ 221 mCCCCC 
 
 of X X  where X is a non-

empty finite with adjacency matrices mAAAA ...,,,, 321   satisfying the following conditions: 

(i) There exists a subset of }...,,,,{ 321 mAAAA  with sum 
X

I  = unit matrix; 

(ii)  The set }...,,,,{ 321 mAAAA  is closed under matrix transposition. 

(iii) The product ji AA  for all }...,,3,2,1{, mji  , is some linear combination of elements of the set

}...,,,,{ 321 mAAAA  with non-negative integral coefficients.  

 (Vide: [9]). 

 

A square matrix mF  of order mm  given by: 
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is called Fourier matrix. 

(Vide: [8]).      

Fourier matrices are used in modular data and modular data is useful in rational conformal field theory. The rational field theory 

has some major applications in Physics. The modular data are also useful in fusion rings and algebrasC .                                                                    

(Vide: [1], [2], [8], [16] and [18]) 

There are many methods of the construction of Fourier Matrices and related theorems given in [10], [11] and [13].  
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II. MAIN WORKS: 
  

In [4], [5], [6] and [7] methods of construction of weighing/conference matrices of order 6, 10 and 14 and 18 and 26 and 30 is 

given with the help of suitable Coherent Configuration. In [3] Manjhi and Kumar introduced methods of construction of Fourier 

matrices of order 2, 3, 5 and 7 with the help of adjacency matrices of suitable Coherent Configuration. In this paper we forward 

methods of construction of Fourier matrices of order 11 and 13 with the help of adjacency matrices of suitable Coherent 

Configuration.  

2.1. Construction of Fourier Matrix of Orders 11: 

Let us consider }11,10,9,8,7,6,5,4,3,2,1:{  iiX and a partition 

}.,,,,,,,,,,,,{ 13121110987654321 CCCCCCCCCCCCCC  Where: },1:),{(1  iiiC

},13,12,11,10,9,8,7,6,5,4,3,2:),1{(2  iiC },13,12,11,10,9,8,7,6,5,4,3,2:)1,{(3  iiC

},13,12,11,10,9,8,7,6,5,4,3,2:),{(4  iiiC

5 {{(2, ) : 7} {(3, ) : 2} {(4, ) : 8} {(5, ) : 3} {(6, ) : 9} {(7, ) : 4} {(8, ) : 10}

{(9, ) : 5} {(10, ) : 11} {(11, ) : 6}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  
 

6 {{(2, ) : 5} {(3, ) : 9} {(4, ) : 2} {(5, ) : 6} {(6, ) : 10} {(7, ) : 3} {(8, ) : 7}

{(9, ) : 11} {(10, ) : 4} {(11, ) : 8}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  

7 {{(2, ) : 4} {(3, ) : 7} {(4, ) : 10} {(5, ) : 2} {(6, ) : 5} {(7, ) : 8} {(8, ) : 11}

{(9, ) : 3} {(10, ) : 6} {(11, ) : 9}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  

8 {{(2, ) : 10} {(3, ) : 8} {(4, ) : 6} {(5, ) : 4} {(6, ) : 2} {(7, ) : 11} {(8, ) : 9}

{(9, ) : 7} {(10, ) : 5} {(11, ) : 3}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  

9 {{(2, ) : 3} {(3, ) : 5} {(4, ) : 7} {(5, ) : 9} {(6, ) : 11} {(7, ) : 2} {(8, ) : 4}

{(9, ) : 6} {(10, ) : 8} {(11, ) : 10}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  

10 {{(2, ) : 9} {(3, ) : 6} {(4, ) : 3} {(5, ) : 11} {(6, ) : 8} {(7, ) : 5} {(8, ) : 2}

{(9, ) : 10} {(10, ) : 7} {(11, ) : 4}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  

11 {{(2, ) : 8} {(3, ) : 4} {(4, ) : 11} {(5, ) : 7} {(6, ) : 3} {(7, ) : 10} {(8, ) : 6}

{(9, ) : 2} {(10, ) : 9} {(11, ) : 5}}

C i i i i i i i i i i i i i i

i i i i i i

       

  

12 {{(2, ) : 6} {(3, ) : 11} {(4, ) : 5} {(5, ) : 10} {(6, ) : 4} {(7, ) : 9} {(8, ) : 3}

{(9, ) : 8} {(10, ) : 2} {(11, ) : 7}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  

13 {{(2, ) : 11} {(3, ) : 10} {(4, ) : 9} {(5, ) : 8} {(6, ) : 7} {(7, ) : 6} {(8, ) : 5}

{(9, ) : 4} {(10, ) : 3} {(11, ) : 2}}.

C i i i i i i i i i i i i i i

i i i i i i

       

  
 

Then adjacency matrices 1312111098754321 ,,,,,,,,,, AandAAAAAAAAAAA of 

13121110987654321 ,,,,,,,,,,, CandCCCCCCCCCCCC  respectively are given below: 
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We see that: 

.).( 1141 IAAi 
 

.).( 1113121110987654321 JAAAAAAAAAAAAAii 
 

.,,,,

,,,,,,,,).(

13

'

138

'
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We see the following calculations: 

2

1 1 1 2 2 2 1 1 3 3 1 3 1 4 4 1 1 5 5 1 1 6 6 1

1 7 7 1 1 8 8 1 1 9 9 1 1 10 10 1 1 11 11 1 1 12

12 1 1 13 13 1

( ). , , 0, 0, , 0, 0, 0, 0, 0, 0,

0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0,

0, 0, 0.

i A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A A A A A

A A A A A A

          

          

  

 

2

2 2 3 1 3 2 4 5 6 7 8 9 10 11 12 13 2 4 2 4 2

2 5 2 5 2 2 6 2 6 2 2 7 2 7 2 2 8 2 8 2 2 9 2 9 2

2 10 2 10 2 2 11 2 11 2 2 12 2 12 2

( ). 0, 10 , , , 0,

, 0, , 0, , 0, , 0, , 0,

, 0, , 0, , 0

ii A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A

             

         

      2 13 2 13 2, , 0.A A A A A 

 

2

3 3 4 4 3 3 3 5 5 3 3 3 6 6 3 3 3 7 7 3 3 3 8

8 3 3 3 9 9 3 3 3 10 10 3 3 3 11 11 3 3 3 12 12 3 3 3 13

13 3 3

( ). 0, 0, , 0, , 0, , 0, , 0,

, 0, , 0, , 0, , 0, , 0,

.

iii A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A A A A A A A A

A A A

         

         



 

2

4 4 4 5 5 5 4 5 4 6 6 6 4 6 4 7 7 7 4 7 4 8 8 8 4 8 4 9 9

9 4 9 4 10 10 10 4 10 4 11 11 11 4 11 4 12 12 12 4 12 4 13 13 13 4 13

( ). , , , , , , , , , ,

, , , , , , , , .

iv A A A A A A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A A A A A A A A A A

         

        

  
2

5 7 5 6 9 6 5 9 5 7 11 7 5 11 5 8 13 8 5 13 5 9 4 9 5 4

5 10 6 10 5 6 5 11 8 11 5 8 5 12 10 12 5 10 5 13 12 13 5 12

( ). , , , , , , , , ,

, , , , , , , .

v A A A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A A A A A A A

        

       
 

2

6 12 6 7 4 7 6 4 6 8 7 8 6 7 6 9 10 9 6 10 6 10 13 10 6 13

6 11 5 11 6 5 6 12 8 12 6 8 6 13 11 13 6 11

( ). , , , , , , , , ,

, , , , , .

vi A A A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A A A A A A A

        

     
 

2

7 8 7 8 12 8 7 12 7 9 5 9 7 5 7 10 9 10 7 9 7 11 13 11 7 13

7 12 6 12 7 6 7 13 10 13 7 10

( ). , , , , , , , , ,

, , , .

vii A A A A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A A

        

   
  

2

8 6 8 9 11 9 8 11 8 10 5 10 8 5 8 11 10 11 8 10 8 12 4

12 8 4 8 13 9 13 8 9

( ). , , , , , , , ,

, , .

viii A A A A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A

       

  
   

2

9 6 9 10 12 10 9 12 9 11 7 11 9 7 9 12 13 12 9 13 9 13 8 13 9 8( ). , , , , , , , , .ix A A A A A A A A A A A A A A A A A A A A A A A A A A          

2

10 8 10 11 4 11 10 4 10 12 11 12 10 11 10 13 7 13 10 7( ). , , , , , , .x A A A A A A A A A A A A A A A A A A A A           
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.,,,,).( 6111361311911129121112

2

11 AAAAAAAAAAAAAAxi 
  

.,,).( 51213513127

2

12 AAAAAAAAxii 
 

.).( 4

2

13 AAxiii 
 

Hence, product of any two adjacency matrices is some linear combinations of adjacency matrices. Thus, the set 

},,,,,,,,,,,,{ 13121110987654321 CCCCCCCCCCCCCC  is Coherent Configuration. Consider the matrix 

2 3 4 5 6 7 8 9 10

11 1 2 3 4 5 6 7 8 9 10 11 12 131. 1. 1. .F A A A A A A A A A A A A A                       































































6439287510

2867453109

3795621048

4253810697

5894107236

6327104985

7961083524

8410265973

9103547682

1057829346

11

1

1

1

1

1

1

1

1

1

1

11111111111

F  

Where: )11/2exp( i .So .111 w Which is equivalent to Fourier matrix of order 11. 

 

2.2. Construction of Fourier Matrix of Orders 13: 

  

Let us consider }13,12,11,10,9,8,7,6,5,4,3,2,1:,{ iiX   and a partition 

},,,,,,,,,,,,,,{ 151413121110987654321 CCCCCCCCCCCCCCCC  of .XX  Where: 

1 {( , ) : 1},C i i i  },13,12,11,10,9,8,7,6,5,4,3,2:).1{(2  iiC  

},13,12,11,10,9,8,7,6,5,4,3,2:)1,{(3  iiC }13,12,11,10,9,8,7,6,5,4,3,2:),{(4  iiiC  

5 {{(2, ) : 8} {(3, ) : 2} {(4, ) : 9} {(5, ) : 3} {(6, ) : 10} {(7, ) : 4} {(8, ) : 11}

{(9, ) : 5} {(10, ) : 12} {(11, ) : 6} {(12. ) : 13} {(13, ) : 7}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

6 {{(2, ) : 10} {(3, ) : 6} {(4, ) : 2} {(5, ) : 11} {(6, ) : 7} {(7, ) : 3} {(8, ) : 12}

{(9, ) : 8} {(10, ) : 4} {(11, ) : 13} {(12. ) : 9} {(13, ) : 5}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

7 {{(2, ) : 11} {(3, ) : 8} {(4, ) : 5} {(5, ) : 2} {(6, ) : 12} {(7, ) : 9} {(8, ) : 6}

{(9, ) : 3} {(10, ) : 13} {(11, ) : 10} {(12. ) : 7} {(13, ) : 4}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

8 {{(2, ) : 9} {(3, ) : 4} {(4, ) : 12} {(5, ) : 7} {(6, ) : 2} {(7, ) : 10} {(8, ) : 5}

{(9, ) : 13} {(10, ) : 8} {(11, ) : 3} {(12. ) : 11} {(13, ) : 6}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

9 {{(2, ) : 12} {(3, ) : 10} {(4, ) : 8} {(5, ) : 6} {(6, ) : 4} {(7, ) : 2} {(8, ) : 13}

{(9, ) : 11} {(10, ) : 9} {(11, ) : 7} {(12. ) : 5} {(13, ) : 3}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

10 {{(2, ) : 3} {(3, ) : 5} {(4, ) : 7} {(5, ) : 9} {(6, ) : 11} {(7, ) : 13} {(8, ) : 2}

{(9, ) : 4} {(10, ) : 6} {(11, ) : 8} {(12. ) : 10} {(13, ) : 12}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

11 {{(2, ) : 6} {(3, ) : 11} {(4, ) : 3} {(5, ) : 8} {(6, ) : 13} {(7, ) : 5} {(8, ) : 10}

{(9, ) : 2} {(10, ) : 7} {(11, ) : 12} {(12. ) : 4} {(13, ) : 9}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

12 {{(2, ) : 4} {(3, ) : 7} {(4, ) : 10} {(5, ) : 13} {(6, ) : 3} {(7, ) : 6} {(8, ) : 9}

{(9, ) : 12} {(10, ) : 2} {(11, ) : 5} {(12. ) : 8} {(13, ) : 11}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

13 {{(2, ) : 5} {(3, ) : 9} {(4, ) : 13} {(5, ) : 4} {(6, ) : 8} {(7, ) : 12} {(8, ) : 3}

{(9, ) : 7} {(10, ) : 11} {(11, ) : 2} {(12. ) : 6} {(13, ) : 10}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                            www.jetir.org  (ISSN-2349-5162) 

JETIR1807929 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 225 

 

14 {{(2, ) : 7} {(3, ) : 13} {(4, ) : 6} {(5, ) : 12} {(6, ) : 5} {(7, ) : 11} {(8, ) : 4}

{(9, ) : 10} {(10, ) : 3} {(11, ) : 9} {(12. ) : 2} {(13, ) : 8}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

15 {{(2, ) : 13} {(3, ) : 12} {(4, ) : 11} {(5, ) : 10} {(6, ) : 9} {(7, ) : 8} {(8, ) : 7}

{(9, ) : 6} {(10, ) : 5} {(11, ) : 4} {(12. ) : 3} {(13, ) : 2}}.

C i i i i i i i i i i i i i i

i i i i i i i i i i

       

    

 

Then adjacency matrices 151413121110987654321 ,,,,,,,,,,,,, AandAAAAAAAAAAAAAA of 

151413121110987654321 ,,,,,,,,,,,,, CandCCCCCCCCCCCCCC respectively are given below: 
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15

0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 1

0 0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 1 0 0

0 0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0 0 0 0 0

0 0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 0 0 0 0 0 0

0 0 1 0 0 0 0 0 0 0 0 0 0

0 1 0 0 0 0 0 0 0 0 0 0 0

A

 
 
 
 
 
 













 















 

 

http://www.jetir.org/


© 2018 JETIR July 2018, Volume 5, Issue 7                                            www.jetir.org  (ISSN-2349-5162) 

JETIR1807929 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 228 

 

 

 

We see that: 

.).( 1341 IAAi 
 

.).( 13151413121110987654321 JAAAAAAAAAAAAAAAii   

.,,,,,

,,,,,,,,,).(

15

'

159

'

147

'

136

'

128

'

115

'

10

14

'

911

'

813

'

712

'

610

'

54

'

42

'

33

'

21

'

1

AAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAii




 

We see the following calculations: 
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1 1 1 2 2 2 1 1 3 3 1 3 1 4 4 1 1 5 5 1 1 6 6 1
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1 12 12 1 1 13 13 1 1 14 14
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A A A A A A A A A A A A A A A A A A A A

A A A A A A A A A A A
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Hence, product of any two adjacency matrices is some linear combinations of adjacency matrices. Thus the set 

},,,,,,,,,,,,,,{ 151413121110987654321 CCCCCCCCCCCCCCCC   is Coherent Configuration. Consider the matrix  

2 3 4 5 6 7 8 9 10 11 12
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F  

Where: ).13/2exp( i So .113 w Which is equivalent to Fourier matrix of order 13. 
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