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1. INTRODUCTION

Matrices provide a very powerful tool for dealing
with linear models. Bimatrices are an advanced tool which can
handle over one linear models at a time. Bimatrices will be
useful when time bound comparisons are needed in the
analysis of the model[3].Unlike bimatrices can be of several
types. The concept of s-symmetric matrices, k-symmetric
matrices and of s-k symmetric matrices was introduced in [1],
[2] and [3] Some properties of symmetric matrices given in
[5],[6] .In this paper, our intention is to define s-symmetric
circulant matrices, k-symmetric circulant matrices and s-k
symmetric circulant matrices also we discussed some results
on symmetric circulant matrices.

Il. SOME OF DEFINITIONS AND RESULTS
Bimatrix 2.1 [3]

A bimatrix A

E is defined as the union of two square
array of numbers Ajand 42 arranged into rows and columns.
It is written as follows As=-~11 U 43
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Ut the notational convenience (symbol) only.
DEFINITION:1

For any given ¢y  €1,Cy,... Gy € R™" the circulant
matrix C=(Cij) nxn is defined by (Cij) = Cj-1(mod n)

Co ¢, C, .. C
Cia Co G Cnz
Chza Cha G Cns

C C, G Co

Definition 2.2[2]

A bimatrix AB=A1UA2 is said to be normal bimatrix
s if ABAB*zAB*AB

111. ON SECONDARY K-NORMALCIRCULANT
BIMATRICES

Definition

A circulant bimatrix Ag€ C™ is said to be  s-k
normal circulant bimatrix if

%
KBVBAB*ABVBKB = KBVB AB AB VB K B

Theorem
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Let Ag Bg€ C™ are s-k normal circulant bimatrix
then AgxBgis also s-k normal circulant bimatrix

Proof

Let Ag Bg€ C™ are s-k normal circulant bimatrix
then if

KeVeAs AsVeKs = KsVeAsAs*VeKs

KgVgBs BsVeKg = KgVeBeBe*VeKs
To prove Ag+Bgis s-k normal circulant bimatrix

We will show that ,
KBVB(AB iBB) (AB iBB)* VeKg = KgVp (AB iBB)*
(AB iBB) VeKg
Now
KBVB(AB iBB) (AB iBB)* VeKg = KBVB(AB iBB)
(Ag” +Bg") VeKg
= KBVB(AB* VBKBi BB*VBKB) (A*B iBB)
= KgVeARAR*VEKgt KgVEAg BgVeKgt
KgVgBs AsVeKet KgVeBg BsVeKs
. = KBVB(AB* iBB*)AB KBVBi KBVB(AB*
+Bg )BBVBKB
= KBVB(AB iBB)* (AB iBB) VBKB
KBVB(AB iBB) (AB iBB)* VieKg = KgVp (AB iBB)* (AB iBB)
VeKg

Theorem
Let AgBg€ C™are s-k normal circulant bimatrices
and AgBg=BgAgs then AgBg is also  s-k normal circulant
bimatrix
Proof
Let Ag,Bg are s-k normal circulant bimatrix then
KeVeAs AsVeKs = KgVeAsAs*VeKs
KgVgeBg BgVeKg = KgVgBgBe*VeKg

To prove AgBgis s-k normal circulant bimatrix
We will show that ,

KgVe(Ae Be) (As Be)* VeKe = KegVe (Ag Be)™* (As

Bg) VeKs
Now
N *KBVB(AB Bg) (As Bg)* VsKs = KgVisAg
BBAB BB VBKB
= KgVs BBABAB*BB*VBKB
- KgVs BgAsAs™ VeKg
Bs’
KeVeBe As  BsAs
VeKs
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- KgVs Ag'Bs Bs Ag
VeKg

- KgVeAs'Bs'Bs Ag
VeKg
KgVa(As Bs) (As Bs)* VeKg -
KsVe(AsBs) (AsBs)VeKs

Theorem

Let AgBg€ C™are s-k normal circulant bimatrices
and AgBg=BgAg then AgBg* is also s-k normal circulant
bimatrix

Proof

Let Ag,Bg are s-k normal circulant bimatrix then
KeVeAs AsVeKs = KsVeAsAs*VeKs
KBVBBB*BBVBKB = KgVgBgBs*VsKg and given
AgBg=BgAg
To prove Ag Bg'is s-k normal circulant bimatrix

We will show that ,

KeVa(As Bs") (As Bs)* VeKg = KgVs (Ag Bg)*
(AeBg") VeKe
Now

KeVa(As Be) (As Bg)* VeKs = KgVp (AsBg )
(AeBg)VeKg

KeVe As BegBe'As” VeKg = KgVa(BeAs) (BsAs)
VeKg where AgBg=BgAg

KaVs Ag BeBg Ag VeKs= KgVeAg Be BeAgVeKs

KBVB AB BB*BB AB* VBKB = KBVBAB*BB
BB*ABVBKB where BB*BBzBBBB*
KeVs As BB*(BB*)*AB*VBKB = KBVBAB*(

Bs') Bs AgVeKg Where (Bg) =B
KsVa(As Bs") (As Bg')* VeKg = KgVg (Ag Bg)*
(AsBg") VeKg

Theorem

Let Agec""be s-k normal circulant bimatrix then,
1. iAgis s-knormal circulant bimatrix
2. —iAgis s-knormal circulant bimatrix

Proof
Let Ag be a s-k normal circulant bimatrix then
KeVeAs AsVeKs = KgVeAsAs*VeKs

To prove

1. iAgis s-k normal circulant bimatrix

we will show that ,

Www.ijsart.com



IJSART - Volume 4 Issue 3 - MARCH 2018

KBVB(iAB) (iAB)*VBKB = KBVB(iAB)*(iAB)VBKB
KsVeAsAs*VeKs = KgVAg AsVeKs
KgVe-i’AsAs*VeKe=KgVs(-i)Ag (iAs)VeKs
KgVa(iAs)(-i)As VeKe= KgVg(-i)As (iAs)VsKs

KeVa(iAs)(1)As VaKe= KoVa(1)As (iAs)VeKs
where(i)=1

KsVa(iAs)(1)As VeKe=
KeVa(1)TAs (iAs)VeKs where(1)'=1

KeVe(iAs)(i)" AsVeKs= KgVpi Ag (iAs)VeKs
where i*=(1)T

KBVB(iAB) (lAB)* VBKB = KBVB(iAB)*(iAB)VBKB
iAg is s-k normal circulant bimatrix

2. -iAgis s-k normal circulant bimatrix

we will show that ,

KgVa(-iAs) (-iAs) VeKg = KeVe(-iAg) (-iAs)VeKs
KsVeAsAs*VeKs = KgVeAg AsVeKg
KgVe-i’AsAs*VeKe=KgVs(-iY)As AgVeKg
KgVa(-i)iAsAs VeKe= KgVai(-i)Ag AsVeKs

KeVa(-iAs)(-1)As VeKs= KsVs(-As (-
iAg)VsKs where(i)=-1
KeVa(-iAs)(-1) As VeKe= KeVa(-1)"As"(-

iAs)VsKs where(-1)T=-i"
KBVB(-iAB)(-iAB)*VBng
iAg)VeKs
AAg is s-k normal circulant bimatrix

KeVs (-iAg) (-

Theorem

Let Age ™" and Ag' be the moore penrose inverse of
Ag then Ag is s-k normal circulant bimatrix iff Ag" is s-k
normal circulant bimatrix

Proof

Let Agbe a s-k normal circulant bimatrix then
KBVBABAB*VBKB = KBVBAB*ABVBKB
To prove Ag"is s-k normal circulant bimatrix
We will show that,
KBVB(ABT)(ABT)*VBng KBVB(ABT)* (ABT)
VBKB
Now,
KBVBABAB*VBKB = KBVBAB*ABVBKB
(KeVsAsAs*VeKe)" = (KeVeAg AsVeKe)"
KBVB(AB*T)(ABT)VBKB = KBVB(ABT) (AB*)T VBKB
= KBVB(ABT)* (ABT) VBKB
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= KBVB(ABT) (ABT)* VeKs
KsVe(As")(As")*VeKs = KeVa(As)*(As") VeKe
Ag"is s-k normal circulant bimatrix

Let us assume that Ag" is s-k normal circulant bimatrix
To prove Ag is s-k normal circulant bimatrix

We will show that,

KeVeAsAs*VeKe = KgVeAg AsVeKs

Now,

KsVe(As)(As)*VeKe = KgVa(As)*(As") VeKs
(KsVe(As")(As")*VeKs) '=(KgVe(As)*(As") VeKs)'
KBVB(AE*) (As")"VeKs = KgVe(As)(As") VeKs
KBVBAB ABVBKB = KBVBABAB*VBKB
KBVBABAB*VBKB = KBVBAB*ABVBKB
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