Palestine Journal of Mathematics

Vol. 9(2)(2020) , 670-672 © Palestine Polytechnic University-PPU 2020

A FORMALISED INDUCTIVE APPROACH TO ESTABLISH
THE INVARIANCE OF ANTI-DIAGONAL RATIOS WITH
EXPONENTIATION FOR A TRI-DIAGONAL
MATRIX OF FIXED DIMENSION

Peter J. Larcombe and Eric J. Fennessey

Communicated by Ayman Badawi

MSC 2010 Classifications: Primary 11C20.

Keywords and phrases: Anti-diagonal ratios invariance, induction.

Abstract We offer a formalised proof argument to establish the invariance, with respect to
matrix power, of the n — 1 anti-diagonal ratios within a fixed n-dimensional tri-diagonal matrix.

1 Introduction

1.1 Result and Background

This paper follows on from a recent one by the authors [2] in which an invariance property was
proved for a tri-diagonal matrix of arbitrary dimension. The result may be stated thus:

Theorem 1.1. Suppose M = M(ay,...,an, Uty Un—1,01,. -, ln—1) = M(an, up_1,1,—1) is
ann x n tri-diagonal matrix

ayp up

i ax up

lz as us3
M = ,
ln—Z ap—1 Unp-—1
lnfl an

with anti-diagonal ratios w,/li,uy/ly, ..., un—1/ln—1. Then, unless otherwise indeterminate,

the immediate off-diagonal terms of MF form anti-diagonal ratios that remain invariant as the
power k > 1 to which M is raised increases.

We can illustrate the result for a couple of low values of n (excluding n = 2 since then M
reduces to M(az,u;,1;) = (“l‘1 7;‘2) whose single anti-diagonals ratio u; /I; has been established
as a matrix power invariant elsewhere in the fully general case [1, 4], and for the instance a; = a;

[3], using a variety of methods).

1.2 Examples

Consider the 3-square tri-diagonal matrix

a; up 0
M(a3, uy, 12) = l] ay UuUp 5 (1.1)
0 lz as
whose successive powers
a%—i—l]u] (al +a2)u1 U U
Mz(a_g, w,b)=| (a1 +a) a3 +hu+huy (a2 +a3)us |, (1.2)

lily (az + a3)la a3 + huy
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and so on, each have two anti-diagonal ratios u/l; and u,/l,. Likewise, successive powers of
the 4-square tri-diagonal matrix

ai (73 0 0
l 0
M(as,us,ls) = | 009" (1.3)
0 lz a3 u3
0 0 13 a4
are
a% + L (a1 +a2)u1 ULU 0
l 24 l
Mz(a4,113,13) _ (a1 +a2)li a3+ Liug + buy 2(a2 + az)uy UpU3 C(14)
lily (az + a3)ls a3+ bus +lzus (a3 + as)us
0 lzl3 (a3 + a4)l3 ai + l3U3

and so on, each with three anti-diagonal ratios u, /11, u /1, and u3 /1. Higher powers of these two
matrices have been checked algebraically using computer software, as have powers > 2 for other
fully general n-square tri-diagonal matrices (containing 3n — 2 variables) of specific dimension
n = 5 and greater; the interplay between matrix parameters is considerable, as expected, but
Theorem 1.1 bears out in all of the many cases (that is, values of n) examined.

The presentation here details a new proof approach to the result using an inductive line
of argument. [t is emphasised that the dimension of M (the value of n) is taken as fixed,
and further that invariance of those anti-diagonal ratios throughout the exponentiated matri-
ces M, M?, ..., M" must be pre-established (for it is needed within the proof).

2 The Proof Approach

We here set down a line of argument to establish that the n — 1 anti-diagonal ratios of MP* are,
for all k¥ > 1, the invariants w; /lj,uz/lo, ..., un—1/ln—1 (each assumed to be well defined) for
any n-square tri-diagonal matrix M (where n is fixed).

Proof. For n > 2, let M,,[F] be the set of n x n matrices with entries from a field F (the
set forming a vector space over IF of dimension n?), and define, for any i = 1,...,n — 1,
Gi : M,,[F] — T to be the linear map

Gi(S) = Siiv1 — (ui/li)Sit1.i (P.1)

acting on any matrix S € M,,[F], where S, , is the row p, column ¢, element of S. We seek to
show that
Gi(M*) =0 (P2)

for every power k > 1 (i =1,...,n — 1), and n x n tri-diagonal M; we will induct on k.

We assume the result holds for n consecutive values of k = d,d — 1,d —2,...,d — (n — 1),
where k = d is arbitrary and defines the others in the sequence—in other words, 0 = G;(M?) =
G (M) =G;(M?2?) = ... = G;(M4 1) (G =1,...,n—1,d > n), noting that for n = 2
this would be an assumption for some k = d,d — 1 (d > 2) having shown it is true for particular
initial powers k£ = 1,2, while the power values £ = 1,2, 3 are those needed to be checked for
invariance when n = 3, in which case the assumption is of validity for some k = d,d — 1,d — 2
(d > 3), and so on.! Denoting the n-square identity matrix by I,, our inductive step proceeds as
follows, based on the Cayley-Hamilton result that for constants sg, sq,...,$,-1 € F,

M" = sol, + ss M+ -+ 5, -M" % 4+ 5, M*! (P.3)

!For any fixed matrix size n the number of initial powers that require checking is n (starting at power 1), which can
be done computationally (note that it is possible to write down (fori = 1,...,n — 1) G;(M!) = G;(M) = M; i1 —
(ui/li)Mi+l,i = U; — (ul/lz) . li = 0, and, additionally, GZ(MZ) = (Mz)iﬂurl — (ui/li)(Mz)i+17i = (ai + Q41 )uz —
(ui/l;) - (ai +ait+1)l; = 0 for any chosen value of n, but beyond this such relations are difficult to determine since as matrix
power increases so does the algebraic complexity of the resulting matrix entries, and rapidly.
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(that is, M satisfies its own order n characteristic equation;” in the instance n = 2 it reduces
to the familiar identity M? = soI, + s;M for a 2 x 2 matrix M, where s, s; are the familiar
constants s) = —Det{M} = —(aja; — lju;) and s; = Tr{M} = a; + ay). This reads

Md+1 — SOMd—(n—]) + SlMd—(n—Z) R Snszd_l + SnflMd (P4)

(n=1)

on multiplying throughout by M?~ , whereupon (by linearity of G), fori =1,...,n—1,

G;(M™) = 50G; (MDY 451Gy (M) s, 2 Ga(METY) 45,1 Ga(MY)
s0-04+s-04+---+5,2-0+5,_1-0 (P.5)

(by assumption) = 0, and the inductive step is upheld. O

For clarity, the argument establishes that if invariance holds for any consecutive run of n powers
of n-square M, then it holds for the next in the sequence—thus, if it holds for powers 1,...,n
then it does so for power n + 1 and (being true for the n powers 2,...,n + 1) in turn for n + 2,
and so on; the n = 2 version of the proof is Proof II in [4], of which this is its natural extension.
We have not presented a constructive proof of Theorem 1.1 (of the type seen in [2]), but instead
demonstrated that the proof can be reduced to checking a finite number of power cases for any
fixed n > 2—the only limitation here is that for all but small values of n this realistically has to
be done by computer (which was impossible before the advent of algebraic software).
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2To be more precise, every n-square matrix over a commutative ring (such as the real or complex field) satisfies its own
characteristic equation which is monic of degree n.
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