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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.
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. INTRODUCTION
COHERENT CONFIGURATION (CC) is defined as a partition C={C,,C,,C,,..,C.} of X x X where X is a non-
empty finite with adjacency matrices A, A,, A,,..., A, satisfying the following conditions:

(i) There exists a subset of {A, A,, A;,..., A, } with sum ||y = unit matrix;
(ii) The set{A, A,, A;,..., A, } is closed under matrix transposition.
(iii) The product A A, foralli, j €{1,2,3,...,m}, is some linear combination of elements of the set
{A A A,,.... A} with non-negative integral coefficients.
(Vide: [9]).
A square matrix Fm of order MXM given by:
i 1 1 1 ]
® S L
a)Z a)4 o L CUZ(m_l)
F =
1 o™ ™Y . ™2
27i

=
where w=e ™

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 andC —algebras.

(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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Il. 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 X ={i:1=12345,6,7,8,91011}and a partition
c={c.c,,c,,,,C,C,C,,CqC,C,,C,,C,,Ct-Where:C, ={(i,i):1 =1},
C,={1):1=23456,78910111213}, C, ={(i,1) :i=2,3,4,5,6,7,89,10111213},

C, ={@,1):1=23456,7,8910111213},

C,={{(2,1):i=7YU{@B,1) :i =23U{(4,1) 1 i =8YU{(5,1) : i =3pU{(6,1) : i = 9FU{(7,i) : 1 = 43U{(8,1) :i =10}
W{(9,1):i=5U{@0,1):i =13U{@Li):i=6}}.

Co ={{(2,1):i=5U{@B,1) :i =FU{(4,i) :i = 2LU{(5,1) : 1 =6}U{(6,1) : i =10}U{(7,1) :i =FU{(8,i):i =T}
W(9,1) i =13 U{@0,i):i =43U{(11,i):i =8}}.

C, ={{(2,i):1=4U{@B,1):i =73U{(4,1) :1 =210}U{(5,1) : i = 2y U{(6,1) : i = 5}U{(7,i) : 1 =8FU{(8,i) :i =11}
W(9,1) ;1 =3U{(0,i):i=6}U{@L1):i=9}}.

Co ={{(2,1):i =10U{(3,i) : 1 =8YU{(4,1) :i =6}U{(5,1) : i =43 U{(6,1) : i = LU{(7,1) : i =13 U{(8,i) :i =9}
W(9,1) i =73U{(@0,1):i =5yU{@L1):i=3}}.

C, ={{(2,1):1=3U{@B,1) :i =53U{(4,1) : i = 7TFU{(5,1) : i =FU{(6,1) :i =13U{(7,1) :1 =23U{(8,1) :i = 4}
W{(9,1):i=6}U{(10,i):i =8U{@Li):i=10}}.

Cpo ={{(2,1):i =FU{B,1):i =63U{(4,i) :1 =FU{(5,1) ;i =1 U{(6,i) : i =8U{(7,i) : i =5}U{(8,i) :i =2}
W{(9,1) -1 =10}U{(20,i) :i =73U{@AL1):i=4}}.

C, ={{(2,1):i=8U{B,i):i =4U{&,i): i =13 U{5,1) :i = 73U{(6,i) 11 = FU{(7,1) : i =10}U{(8,i) :i = 6}
W{(9,1):1=23U{(10,i):i =9U{(1Li):i =5}}

Co, ={{(2,i):i=63U{@B,1) :i =1U{(4,1) :i =5}U{(5,1) : i =10} U{(6,1) : i = 43U{(7,1) :i = 9} U{(8,i) :i1 =3}
W{(9,1):1 =8U{@0,i):i=22U{@L1):i=7}}.

Cu ={{(2,1):1 =1 U{B,i) : 1 =103U{(4,1) : 1 =RU{(5,1) 11 =8U{(6,1) :i = TYU{(7,1) :i = 6}U{(8,1) :i =5}
W{(9,1) i =43U{A0,i):i =3U{(ALi):i=2}}.

Then adjacency matrices ALALCALALALA AL AL A AL A, and A of
c¢.C,.c,.C,,C,.C,,C,,Cy,Cq,Cl,Cpy,Cpp, and Cy, respectively are given below:
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We see that:

H-A+A =1,
(ii)-A1+A2+A3+A4+A5+A6+A7+A8+A9+A10+A11+A12+A13=‘J11-
(i) A=AA=A A=A A=A A=AA=A A=A A=A,
A';:As’Allo:A111Ai1:A101A‘1'2:A8’A‘1Is:A13-

We see the following calculations:

(). A=A AA =A, AA=0AA=0,AA=A,AA =0,AA =0,AA =0,AA =0,AA =0,AA =0,
AA =0,AA =0,AA=0AA=0AA =0AA=0,AA,=0,AA =0,AA,=0A,A =0AA, =0,
A,A =0,AA;=0,AA =0.

(ii). Ay =0, A,A =10A, AA = A+ A+ A+ A+ A+A+A+A +A, + AL AN =A AA =0,

AA = A AA =0, AA =~ AR =0AA =A AR =0AA=A AR =0AA=A, AA =0,
Aho = A AgA =0, AN, = A AN =0 AR, = A, AA =0,AA = A, AA =0.

(iii). A7 =0,AA =0,AA =A AN =0,AA=A, AA =0AA =A,AA =0 AA =A, AA =0,
AA = A AR =0, AR = AL AA=0,AA = AL AR =0,A A = A, AA, =0,A)A = A, AA; =0,
Ashy = Ay

(V). AL = AL AN = ACAA = A AN = ALAA =AAA =A AN =~ AN =M AA =~ AA=A,
AA = A AN = A AgA = Ag AN = ALAA = ALAA = AL AA = Ay AA; = Ay AZA = A

V). A=A AN =A AN =A AN =ALAN=AL AN =A AN =A A=A AN =A,
ARy =P AgAs = A, AR = A AgA = A AR, = A Ao A = Ao AR = Ay AsA = A,

Vi) A = Ay AA = AL AN = ALAA = A AR = AL AA = A AR = A, ARG = Ag, AgA = Ay,
AR = A AA = AAR = A AA = A AR = AL AA = AL

ViD). A7 = AL AN = Ay AR = Ay AN = A AR = A A A=A AN = A A=A AN = A,
AR, =R A A = A A A = Ag AsA = Ay

(viil). A=A AN = AL AA = AL ARG = AL AA = ACAA = A AN = A AR, = A,

Aohs = AL AA = A AsA = A

(ix). AQZZAB'A)A.LOZ'AD'AXO'A%:A.Lz’AaA.u:AwAuAa:AwAaA&z:A!Ls’A.LzAa:A&s'AaAls:Aﬁ'AisAa:A%-
(). Atzo = A AcAL = A AtAC = A AcAe = A Ao Ao = A AdAs = A AsAg = A
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- 2 - 2
(xi). AL =An ALAL = A AL AL = AL A A = AL AGA = A (xii). A=A A A=A AA, = A
- 2
(xiii). Az =A,.
Hence, product of any two adjacency matrices is some linear combinations of adjacency matrices. Thus, the set
c={c.¢c..¢.c,¢..cC,,C,C,,C,C,C,,C,,C,,,C,,}is Coherent Configuration. Consider the matrix

F,=1A+1A +1A +0A +&°A+0°A+0'A + A+ A+ Ay +° A, + @’ A, + 0° A,

1 1 1 1 1 1 1 1 1 1 1
1 o o o & & o 0 o o 0"
1 o o o o o o 0 0 0" &
1 & o o o o 0 o 0° o o
1 o 0 0o o 08 o0 0° 0 o0 o
F.=|1 & o o o o 0° o o o o

1 0 & 0 o 0° o o o o o
1 o @ o o° o o0 o o o o
1 o o 0° o 0 0 o o o o
1 o 0° 0 o0 o o o o o o
1 0° & o 0 & 0 & 0 0 o]

Where: exp(27i/11) .So W™ = 1. Which is equivalent to Fourier matrix of order 11.

2.2. Construction of Fourier Matrix of Orders 13:

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

c ={C,,C,.,C..C,.C.,C,,C;,Cy,C4,C10,Cs1,C1,Cis,Cya, CrcFof X x X.Where:

C, ={(i,i):i=1, C, ={(Li):i =2,3,45,6,7,8910111213},

C, ={(i1):i=23456,78910111213} C, ={(i,i) :i =23,4,5,6,7,8910111213}

Co ={{(2,0):i =8HU{(3,i) :i = 22U{(4,i) : i = 9FU{(5,1) :1 = 3HU{(6,i) : i =10}U{(7,i) :i = 4YU{(8.i) ;i =11

UL9,1) ;1 =5YU{(0,i) ;i =123U{(AL i) i = 6}U{(12.0) : i =13YU{(A3,i):i = T}}.

C, ={{(2,i):i =103U{@3.i) :i = 6YU{(4,i) :i = 22U{(5, 1) : i =1 U{(6,i) :i = TIU{(7.1) i = 3pU{(8.i) ;i =12}
UL9,1) 1 =8UL(0,i) :i = 4FU{(L, i):i =13HU{(2.0) ;i = SR U{(13,):i = 5}}.

C, ={{(2,0):i =13 U{(3,i):i =8YU{(4, 1) :i =5YU{(5.1) ;i = 22U{(6,1) : i =123 U{(7,i) :i = 9FU{(8,) :i = 6}

L9, 1) ;1 = 3UL@0,i) :i =13 UL, i) ;i =10} U{(2.0) i = 7YU{(3,1) ;i = 4}}.

C, ={{(2,0):1 = FU{(3,1):i = 4FU{(4.i) ;1 =123U{(5.1) :i = THUL(6,1) :i = 22U{(7,i) 11 =10}U{(8,i) :i = 5}

UL9,1) 1 =13}U{(10,1) : i = Y U{(LL i) ;i = BUL(12.0) : i =1 U{(13,i) ;i = 6}}.

C, ={{(2,1):1 =123U{(3,i) :i =103U{(4.1) :i = 8U{(5.i) :i = 6}U{(6,i) :i = 4pU{(7.i) ;i = 23U{(8,i) : i =13}
UL, 1) i =13 U£0,i) :i = 9RUL(L i) i = 7PUL(224) : 1 = SHUL(3,i) i = 3}

Co ={{(2,1):1 =3PU{@,i) i =5}U{(4,i) :i = TFU{(5, 1) :1 = 9pU{(6,1) 1 i =1 U{(7,1) :i =13U{(8,i) :i = 2}

UK, 1) ;i = 43U{(10,1) ;i = 6YU{(L, i) : i = 8YU{(12.) : i =103U{(13,i):i =12}}.

C ={£(2,1):i =6YU{@,i) i =1BU{(4,1) :i = 3HU{(5, i) :i =8YU{(6,i) :i =13}U{(7,i) :i = 5HU{(8,i) :i =10}
UL, 1) ;i = 22U{(10,1) ;i = 7HUL(L i) i =122U{(12.0) : i = 4YU{(L3,i) ;i = 9}}.

C, ={{(2.0):i = FULG.1) :i = THUL(4,1) 1 =103 U{(5,i) : i =13FU{(6,i) :i = FU{(7.i) :i = 6}U{(8.i) :i = 9}
L£9,1) i =12}U{(10,i) :i = 2YU{(L, i) ;i = 5U{(12.) :i =8YU{(13,i) ;i =113}

C, ={{(2,):i =5}U{(3,i):i = FU{(4,i) 11 =132 U{(5,i) :i = 43U{(6,) :i = 8U{(7,1) :i =123U{(8,i):i =3}
K,1) ;i = TPUL(0,1) i =13 ULAL, i) : i = 2YU{(12.0) ;i = 6}U{(13,i) ;i =10}}.
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C. ={{(2,1):i = TYU{(3.1) :i =13}U{(4,1) :i = 6}U{(5,1) : i =123U{(6,i) :i = 5PU{(7,i) : i = 13U{(8,i) :i = 4}

U£9,i) 11 =103U{(0,i) :i = 3PULAL i) ;i = U{(12.0) :i = 22U{(3,i):i = 8}}.

Cpe ={{(2,1) 1 =13U{(3,1) :1 =12FU{(4,i) :i =1BU{(5,1):1 =103 U{(6,i) :i = U{(7,i) :i =8U{(8,):i = 7}

{(9,1):1 = 6}UL(0,1) i = 53ULAL i) i = 4YU{(12.) 11 = FU{(A3,i) i = 23}

ARy Ay A A A A By A Ay, Ay Ay A, Ay and Ay of

c.c,.c,.¢c,.C,.C,C,,C;,Cy,Cl.Cpy, Cpb,Cpp, Cuand Cog respectively are given below:
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We see that:

(i)-A1+A4=|13-

(). A+A+A+A+A+A+A A +A A HA + A+ A+ AL+ A =g
(ii)Ai A1A2 AsAé:AZ!AA:AA’At;:Am!Aﬁ;:Alz’A;:Alsza;:An’As;:Aw
AlO AsAn A8A12 As!AllszA?’Aﬂ:Ab'AlIs:Als-

We see the following calculations:

(). A=A, AA =A, AA=0AA=0,AA =A,AA =0AA =0,AA =0,AA =0,AA =0,AA =0,
AA =0,AA =0,AA =0,AA=0,AA =0,AA =0,AA,=0AA=0,AA,=0AA =0,

AA, =0,A,A =0,AA; =0,AA =0,AA, =0,A,A =0,AA;=0,AA =0.

(ii). Azz:OvAzA3:12A11A3A2:A4+A5+A6+A7+A8+A9+A10+A11+A12+A13+A14+A15’A2A4:Az’

AR =0,AA =A AR =0AA =~ AR =0AA=AAA=0AA=A AA=0AA=A AA =0
AoAo = A AoA =0, AN, = A A A =0, AN, = A, ApA =0, A A = A AA =0AA, =A,AA =0,
AAs = A, AA =0.

(iii). Ay =0,AA =0, A A=A, AA =0,AA = A AA =0 AA = A, AA =0,AA =A, AA =0,

Ay = Ay AR =0, A A = A AA, =0, A0A = A AA =0,A A = A, AA, =0,A A = A, AA; =0,
Ashy = Ay AR, =0, A A = ALAA =0, A A = A

(V). A= AL AA = ALAA = A AA=A AN =AAA = AL AA = A AN =A AR = A AN =A,
AA = A AA)=AG AA = A AN =ALAA =ALAA =ALAA =ALAA = A,

AsA = A AR = A AdA = A AAs = As AsA = A,

V). A=A AA = A AN =AAR = AL AA = AL AR = A AR = AL AR = Ag AA = A,
AN = AL AA = ALAA = A AA = A AR, = A AA =ALAA; = A AsA = A0 AN = AL,
AA = Aoy AAs = Ay AsA = Ay

Vi) A = Ay AA = A AN = A AN = A AN = A AR = A AR = A AR = AL A = A,
AL = A A = A AR, = A Ao A = A AR = A AgAs = A AL = Ay AAs = A, AR = Ay,
Ashs = Ag.

Vi), A7 = A A A = Ag AA = Ag AN = A AR = Ay AR = A AN = A AR =AAA = A,
AR, = Ag Ao A = Ay ARG = AL AA = ALAA =K AN = A AR = Ay AA = A,

(Viii). A = Ag, AN = AL AN = AL A=Ay AgA = Ay AN = AL AN = A AA, = A AA = A,
AA: = A AsA = A AN = A AUA = A AAs = AL AsA = Ay

(). A= Ay ARG = AL AR = A AL = Ay AA = Ay AR, = A AN = AL AR = AL AA = A,
AR, = AL AA = AL AA = Ag, AsA = Ay

(X). Aizo Asr oA = A ARG = A Ao A = Ay Ao A = Ay AgAs = A AgAg = A AgAy = A,
AuPo = Ass AcAs = A AsAp = A

(XiD). AL = Ag AR, = Ao ApAL = Ao AsAs = A AsAn = AL AA = As AAL = A AuAs = A,
Ashy = Ay

(xii). A122 = A ALA: = As AsA = Asi Ap Ay = A AuPAe = AL AAs = A AsAp = A
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(xiii). A123 =A0 AsAL = AL A A = A AA = A AA = A (Xiv). A124 =~ ALAs =A L AAL = A

2
(xv). AL = A,
Hence, product of any two adjacency matrices is some linear combinations of adjacency matrices. Thus the set
c={c,¢c,,.c,,.c,.cC,,C,C,,C,,C,C,,C,,C,,Cs;,C,,Cy} is Coherent Configuration. Consider the matrix

F.=A+A +A+0A +0°A+0°A+0' A+ A+° A+ Ay +@° A+ @’ A, + 0° A, + 0 A, + 0 A

1 1 1 1 1 1 1 1 1 1 1 1 1]
1 o o o 0° o ot o8 o o o o o
1 @2 o o o o o8 o8 0° o o o2 ot
1 @° o o o o o o o o o2 o8 o°
1 o 0 o® o o o8 o o o2 o8 ot o
1 @ o o o o o8 0° o2 o0 o o o
Fo=|l 0 & o o o o o? o o o' o° o |
1 o 0° o o o o2 o o o o0 o of
1 & o o @ o2 o0° o o of 08 o o
1 o° Bt HpoZ g s B I8 o 8 2 4
1 0° o o2 o @ o o ot o o o o
1 o o2 o @ 0° o o @ o o o o
1 02 o o @ & o ot o 0° o o o

Where: exp(2771/13).S0 W' =1.Which is equivalent to Fourier matrix of order 13.
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