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Abstract

A rhotrix R, is said to be symmetric K, = RL, such rhotrices are always
diagonalizable. We present in this paper, a specighy of diagonalizing such
rhotrices called orthogonal diagonalization.
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1.0 Introduction

Mathematical arrays that are in some way betweendiwensional vectors and ¥2)-dimensional matrices and matrix-
tertions and noitrets were discussed in [1], assalt of this Ajibade in [2] introduced an objedhieh lies in some ways
between (%2)-dimensional

a b c
{a }and (3 3)-dimensional d e f |matrices, and he called such an object a rhotrigeBra of rhotrices where
c d g h i
initially introduced in [2] by Ajibade. LeR andQ be two rhotrices such that
a f
R=(b h(R) d)andt=(g h(Q) | (1)
e k
Ajibade [2] defined the addition of these two rlicgsR andQ as:
a+f
R+Q={b+g h(R+h(Q) d+]j
e+k

and their multiplication as:
ah(Q) + fh(R)
RoQ={bh(Q)+gh(R)  h(R)h(Q)  dh(Q)+ jh(R)
eh(Q) +kh(R)

Another multiplication method for rhotrices calledw-column multiplicationwas introduced by Sani [8] an effort to
answer some questions raised by Ajibade. UsinghbtiicesR andQ as defined in (1), Sani [3] illustrated the rowtsan
multiplication of rhotrices as:
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af +dg
RoQ=(bf +eg h(R)h(Q) & +dk

bj + ek
A generalization of the row-column multiplicatiorethod forn-dimensional rhotrices was given by Sani [4]. Tisagiven
n-dimensional rhotricedR, = <a11J1 C|1k1> and Q, < i, 2> the multiplication of R, and Q, is as follows:

R,oQ, =(a,,.Cy, ) (b .0, )= Z(am )Z(Cnsmé)

_ i5j1=1 I k=1
t=(n+1)/2. _ _ o _
The method of converting a rhotrix to a special riratalled ‘coupled matrix’ was suggested by S&ii [The system
R,x = bfor whichR,, is ann-dimensional rhotrixx the unknowm-dimensional rhotrix vector anid the right-hand-side
rhotrix vector was introduced by Aminu in [6], aadliscussion was provided for the necessary affidient condition for
the solvability of systems of the foRpx = b.If a system is solvable it was shown how a solutian be found. Sharma and
Kumar in [7] introduced the Hadamard rhotrices deséleloped balanced incomplete block designs (BlBéMmg Hadamard
rhotrices. Rhotrix diagonalization problem (RDP)swiast introduced by Usaini and Muhammad [8], dhely provided a
way of diagonalizing rhotrices. In this paper, weraduce another way of diagonalizing symmetrictribes called
orthogonal diagonalization.

2.0 Rhotrix Diagonalization

The idea of finding the eigenvalue and eigenveofoa rhotrix as defined by Aminu [6] will be useeérk, since before
diagonalizing a rhotrix, we first of all need tadi the eigenvalue and eigenvector of that rhotixinu [6] defined the
rhotrix eigenvalue problem as:

Given R, :<a1.j ,qk> , we find allA € R (eigenvalue) and an-dimensional rhotrix column vect¢t™), (x™) # 0

(eigenvector) such that
R (x™) = Ax™).
Two rhotrice®,, andQ,, are similar if there exist an invertible rhotRx such that
Pn_anPn = Qn (2)
A rhotrix R,, is diagonalizable if it is similar to a diagondlotrix; in other words, if there is a diagonal nivotD,, and an
invertible rhotrixB, such that

Pn_anPn =D, (3
If a rhotrix R,, is diagonalizable, and thBf*R,,P, = D, whereD,, is a diagonal rhotrix
A
0 A4 O
00 A 00O
Dn = dlag(ll, 2.2,13, ...,An_z, An—lrln) = O
0 0A, 00O
0 A, O
A

Then we havk, P, = D,B,.

Theorem 2.1

If ann-dimensional rhotrix R,, hast linearly independent eigenvectors witht = (n + 1)/2, then a rhotrix B, can be found
such that P, R,,P, is a diagonal rhotrix.
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\F/)\/r(e)(grove the theorem for a 3-dimensional rhotexR;. The proof can be extended easily to rhotricedgidr dimension.
a
LetR,=(b c d
e
and letd,, 1,,1; be its eigenvalues ana3?), (x31) (x11) the corresponding eigenvectors, where
X X
G =(y 0 0)xN=(y, 0 0)andx)= (%)
0 0

For the eigenvalug ,we get

(@a—=2A)x, +dy, = 0} (4)
bx; + (e — 1)y =0

Similarly for A,, we have

(@—2)x; +dy, = 0} (5)
bx, + (e —A)y, =0

And ford;, we have
(c=A3)x3 =0 (6)
Equations (4), (5) and (6) becomes

ax; +dy, = Alxl} )
bx,; +ey, = 4y,
ax, +dy, = lzxz} ®)
bx; + ey, = A;y;

Cx3 = A3X3 9)
We now consider the rhotrix

X
P={Y X X
Yo
whose columns are the eigenvalue®;othen
a X
Rss=(b c d){y, X X
e Yo
ax, +dy,
= bx t+ey, CXs ax,+dy,
bx, +ey,
From (7), (8) and (9), we get
A%
RsPy = ( Ay, AX; AX,
AY,
X A
={y, X X)(0 A O
17 A
= P3D;
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