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Abstract

Content of this paper reflects about class preservation property of cocentroidal matrices. We have identified square matrices of
two different classes-1 and 3*, Matrices falling under these classes stand for their unique identity and special algebraic properties.
The set of cocentroidal matrices to a given root matrix of any class, eitherl or 3, preserves the characteristic property of the
corresponding class. Graphical presentation in each case makes the notion more sharper. [* Matrices of class 1 and class 3 are the
members of infinite class of square matrices for which the algebraic sum of each column entries ( case of class 1) and sum of each
column and each row entries ( case of class 3) remains a real constant; we call this constant — a Libra value.]
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1. Introduction

We have classified square matrices into two sets and we, at

this point, discuss about only that part of the set whose

member matrices follow certain pre assigned constraints. We
have two special cases of the same group of matrices;

1) Square matrices such that the algebraic sum of each
column entries remains a real constant. We call this
constant sum as libra value and identify this set as the
matrices of class1 ™,

2) In this part, we have square matrices such that the
algebraic sum of each column entries as well as each row
entries remain a real constant. We call this constant sum
as libra value and identify this set as the matrices of class
30

The major notion in this content is to show that there exists an

infinite set of square matrices for which the centroid of their

physical / solid structure remains the same as that of the
original matrix—we shall call it a root matrix. In addition to
that all such cocentroidal matrices derived from the root
matrix preserves the class, either 1 or 3, to which the original
root matrix belongs. Some important properties associated to
such matrices are also mentioned at right place in this matter.

We have made a justifiable attempt to show the graph of

cocentroidal matrices.

The following part introduces the same concept in abstract

terminology.

2. Previous background of Classl and class3

2.1 Property 1 (P1)

Consider a square matrix A = (ail')nxn onR,vi=1tonand
j=1ton. wheren e N.

If ¥i-, a;;= Constant foreachj =1, 2 ...n.

i.e. if the sum of all the entries of a column for each one of
the columns of the given matrix A, remains the same real
constant than the matrix is said to satisfy the property P1 [,

2.2 Property 2 (P2)
Consider a square matrix, A= (aij)mxnon R,vi=1tomand

j=1ton.wherem,n €N

If Y721 a;j= Constant for eachj=1,2....n.

and Y7, a;;= Constant for eachi=1, 2,....m.

l.e. If the sum of all the entries of a column and a row for
each one of the columns and rows of the given matrix A,
remains the same real constant than the matrix is said to
satisfy the property P2 [2,

2.3 Libra value

Libra value of a given class of matrices is the real constant
which is associated with the property of a class. Libra value
of the square matrix A will be denoted by the symbol

L (A)M,

2.4 Classl (CJ1)

A set of matrices which observe the property P1 constitutes
classl; denoted as CJ1.

Cll={AJA= (ai,-)mxm}, A satisfies P1 and L (A) = p; p €
R for a given matrix Al (1)

We denote, for the given matrix A, the notation A € CJ1
(mxm, p).

3 -1 2
For example, A = (1 4 1) € CJ1 (3, 4) with L (A) = 4.
0 1 1

2.5 Class 3 (CJ3)

A square matrix is said to be of the class3 if it possesses the
property2.

Ci3={A|A=(a;),  } AsatisfiesP2and L (A)=p;p€R
for a given matrix Al (2)

Denoted as A € CJ3 (mxm, p).

12 -1 -5
For example, A = (—2 1 7 ) € CJ3(3,6)withL (A)=6
-4 6 4
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3. Previous Background of Cocentroidal matrices
3.1 Centroid of a matrix:
We consider an n x n matrix, A=[4; A4,
T
[azi
Where each 4; = | :

An]lxn

] for afixedi =1ton.

la”iJnxi
The vector 0G = (ﬂ Zayi
n n
ton (3)
is a virtual centroid (G) of the plane containing the points 4,,
Ay, ... A, inR™ Bl

Zﬁ) foralli=1
n

3.2 Cocentroidal matrices
The set of all matrices having the same centroid G* is defined
as a set of cocentroidal matrices and is denoted as G *(4) 1.

4. All Cocentroidal matrices associated with the root
matrix of Class-1

In this section we try to establish that all cocentroidal
matrices associated with the root matrix of Class-1 are the
matrices of Class-1. This important derivation conveys the
important concepts about similar matrices and eigen values of
all such cocentroidal matrices.

Let us consider a matrix, say A of classl. l.e. A€ CJ1 (3, L (A))

For Example,

3 -1 2
Let A = (1 4 1) € CJ1 (3, 4). i.e. [A is a matrix of
0 1 1
Class-1 with Libra value 4.]
3 -1
Which corresponds to the vectors OP =[1|, 00 =| 4 ] and
0 1
1?2
OR =|1] and let the centroid of
1

its triangular structure in R® be G = (g, 2, g).

Now, we construct cocentroid matrices (same centroid as that
of the root matrix A has) of this matrix A of classl.

We can find infinite triangular structure by keeping the
position of the point Q fixed and selecting a variable point R
on the line QR.

Ri={Ri=(V,z)fori=1,23, ... 1 € OR with the
point Q fixed and the point Ri # R

Then the next part follows taking the point Pi = P; (a; , b;, ¢i) in
such a way that the centroid of the triangular structure P;QR;
is the same as that of the structure PQR; i.e. the point G, the
one related to root matrix A% We follow the above mentioned
procedure and get some cocentroidal matrices which are listed
as follows.

12 -1 -7 9 -1 —4
Ay = (—8 4 10), Ay = (—5 4 7 )
0 1 1 0 1 1

45 -1 05 1.5 -1 35
As :<—0.5 4 2.5), Ay = (2.5 4 —0.5) etc... All
0 1 1 0 1 1

This matrices have the same

Centroid G = (g, 2, g).

It is, at this stage, important to note that all this cocentroidal

matrices are of Class-1.

We note that in each case L (Ai) = L (A) =4 = Libra value of

the root matrix A.

In the same way we can keep the point R fixed and select any

point P;, on the line RP. Now, allowing the point G, the

centroid, to remain fixed we find the next position of the

point Q, say Qi. Following the same routine, we can keep the

points P fixed and iterate the procedure.

The important point to be noted and also eye catching is that

in all the cases

1. The centroid of the original root matrix does not change

2. Any matrix of this system remains of classl and that too
with the same libra value.

This fact can be easily noted and visualized from the figure

given below.

Cocentroid matrices of Class1

[ a

[ Aot
[ AQ
I Q3
I ro4
ARt

5 N -10

Fig 1: Cocentroidal matrices to Class1 matrix
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5. All Cocentroidal matrices associated with the root
matrix of Class-3

In this section we try to establish that all Cocentroidal
matrices associated with the root matrix of Class-3 are the
matrices of Class-3. This important derivation conveys the
important concepts about similar matrices and eigen values of
all such cocentroidal matrices.

Let us consider a matrix, say A of class3. i.e. A € CJ3 (3, L
(A)

For Example,

12 -1 =5
Let A= (—2 1 7 ) € CJ3 (3, 6). i.e. [A is a matrix of
—4 6 4

Class-3 with Libra value 6].

12 -1
which corresponds to the vectors 0P =|-2|,00=|1 l and
—4 6
— _5
OR =| 7 | and let the
4

centroid of its triangular structure in R3be G = (2, 2, 2).
Now, we construct cocentroid matrices (same centroid as that
of the root matrix A has) of this matrix A of class3.

An infinite set of matrices, (Procedure is discussed in section
4) when Q is fixand K =-2, -1, 0.5, 1.5 etc........ are

o -1 7 4 -1 3
A= ( 16 1 —11>, A, = (10 1 —5),
-10 6 10 -8 6 8

10 -1 -3 14 -1 -7
As :<1 1 4), A4:<—5 1 10) etc...... All

\-5 6 5 -3 6 3
this matrices have the same

centroid G = (2, 2, 2).

It is important to note that all this cocentroidal matrices are of
Class-3.

And in each case L (Ai) = L (A) = 6 = Libra value of the root
matrix A.

In the same way, When R is fix and P is fix, we get set of
infinite cocentroidal matrices of Class3 with the same Libra
value.

The important point to be noted and also eye catching is that
any matrix of this system remains of class3 and that too with
the same libra value.

This fact can be easily noted and visualized from the figure
given below.

oz

-10 20

Cocentroid matrices of Class3

Ja
[ Qi
I A2

o s @ NP v

Fig 2: Cocentroidal matrices to class3 matrix

6. Conclusion

The important criteria that connects the centroid with an
infinite class for the two classes under discussion can be
extended to different classes which can be justified and some
traits of algebraic characteristic continues in the other classes
too. In addition to this the problem of meaningful
interpretation of eigen values and eigen vectors is an open
ended one for the many research minded students to join.
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