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1 Introduction

Matrix analysis is a powerful tool in understanding many feature of mathematics having direct relavance
with physical systems. However it is commonly known that matrix multiplication has two important

relations][1]
Det(AB) = Det(A)Det(B) = Det(B)Det(A) (1)

(A, B] # 0 (2)

Interestingly it is possible to generate commutative matrices to a non-singular matrix[2,3]. In a recent
paper any non-singular matrix A(NxN)(N=2,3) can possess commutative matrices By, provided

1
B, = —
A Ay} 3)

Mathematically
[A,BL] =0 (4)

By varying L one can generate infinite no of commutative matrices By. However in previous generation|[3]
,the non-diagonal terms of entire By, remain invariant with that of A. Hence it is felt that one can generate
new matrices having different diagonal and non-diagonal elements. The procedure is as follows.

2 Commutative Matrices

2.1 Commutative Matrices: Series

Here we suggest a procedure[2-4] to generate infinite matrices By, as Let By, is

Br=L+A+ A2+ A%+ A"+ =L+) A (5)
k

where k =1,2,3,4, ....... oo Then it is easy to show that

[A,BL] =0 (6)
and
[B,BL] =0 (7)
From matrix theory [1] that one can have
A,Bp, A" B! =@ (8)
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Let
AV = ¥
and 1
A= —w
«
Bpw = pv
and )
Bilw=_-w
L B
Then
alf >= A|w >

multiplying both sides by Bgl we have
a(Bp W) >= %N/ >= By 'AD >

Similarly
1
By >= BNI >

Multiplying A we have
1 1o}
ABYW >= — AW >= —|¥ >
Ll 3 | 6'

Hence we have o
AB™'=B;'A— —

B
In other words
[A’ Bgl] =0
2.2 Commutative Matrices: Continued Fraction
Here we select B as
B L
F = A
L+ jm ﬁ
Lt ora
As in earlier ease it is easy to show that
[A, B F 1] =0

23

(20)

Hence we have two sets of commutative matrices Bgl and B;l. corresponding to A. Below we consider

simple matrices and find out the form of By, and Br as follows.

3 Infinite Generation of Commutative Matrices (Br)

3.1 Infinite Generation of Commutative Matrices (Bpr): Case Study (2x2)

Consider a simple (2x2) matrix A as [1-4]

21
1= [33]
(i) Bi=L+ A as
B 24D 1
B1—L+A—|: 9 3—|—L]
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Let us consider different values of L as follows L=1 In this case we get the known matrix [1] i.e

31
B, = [2 4} (23)
and
. [o04 —01
By = {0.2 0.3 ] (24)

Then it easy to show that

4 1, [060.1
amp = 4= 0804 -
(ii)By = L+ A+ A*(L=1)
In this case we get the known matrix [1] i.e
9 6
Bz = [12 15} (26)
and sy
Byl = {z&l 211] (27)
21 7
Then it easy to show that
2 -1
ABy' =By'A= [ 5H 3 ] (28)
21 21
(iii)Bs = L + A+ A% + A3(L=1)
In this case we get the known matrix [1] i.e
3127
Bs = [54 58} (29)
and
1 29 =27
B = | 18 T | (30
170 340
Then it easy to show that
31 =23
AB;'=B;'A= {172% ?3;53} (31)
170 340
(iv)By = L+ A+ A% 4+ A% + A*(L=1)
In this case we get the known matrix [1] i.e
117 112
Ba= {224 229] (82)
and
. 220 —112
Byt = | 1 T (53)
1705 1705
Then it easy to show that
234 —107
AB['=B;'A= [_1_7%4 11720;] (34)
1705 1705
(V)Bs =L+ A+ A%+ A3 + A + A5(L=1)
In this case we get the known matrix [1] i.e
459 453
Bs = [906 912] (35)
and
152 —151
By = | 4 | (36)
1365 910
Then it easy to show that
51 —149
AB;' =By'A = [% 217539] (37)
1365 2730
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3.2 Infinite Generation of Commutative Matrices (Bpr): Case Study (3x3)

Here we just consider a simple example of (3x3) matrix[3] and generate suitable commutative counter
part as follows. The explicit expression for A is [3]

-21 2
A=1]3 —21 (38)
~-13 3

Considering the value of L=1 we get Bs = L + A + A2 + A3 4 A* + A5 as

23 177 344
Bs= | 341 73 227 (39)
—77 491 858

—227 4259 38
-~ 16%983 88],%14 88895
B-l— | —l%63 Thrs T BEs 40
5= | Tt B T (40)
7072 21652 14245
163 —331 —64
0

180 w 9%31% (41)

ofs

@ Y AP

31459 4641

AB;'=B;'A =

| v
w0

w
ot
[\
ot

4 Infinite generation of Commutative Matrices (Bpr)

4.1 Infinite Generation of Commutative Matrices (Bp): Case Study (2x2)

Consider a simple (2x2) matrix A as [1-3]

21
A=) 2
Now consider the matrix (i) By =L+ A as
B C[2+L 1
B1—L+A—{ 9 3+L] (43)
Let us consider different values of L as follows L=1 In this case we get the known matrix [1] i.e
31
and
_ 31
Bl t= |:2 4:| (45)
Then it easy to show that
1 14|86
AB]" =B A_[1214 (46)
Now consider the matrix
(i) By = L+ 25 (L=1)
17 -1
B= |5 (47)
27 27
1 8 1
By =14 (49
5 10
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Then it easy to show that

1 1 i1
AB; " =By A:{ngg} (49)
5 10
Now consider the matrix
ees _ A .
(iii)Bs = L + T (L=1)
73 —14
By = [142% W } (50)
145 145
1 59 14
B - |5 4] G
27 27
Then it easy to show that
-1 -1 46 101
AB; " = Bj A—[ﬁ)@@] (52)
27 2
Now consider the matrix
(iv) By=L+ #(L:l) as
toa
L+A
147 —31
e 53)
260 520
243 31
Bt = | 3 (54)
145 145
Then it easy to show that
AB; =B, A= [%5 éﬁﬁ] (55)
145 145
Now consider the matrix
Bs =L+ ﬁ(L:l) as
L+ -
Loy
1247 —201
e (56)
2353 2353
1 523 201
By = | 2 | 67)
260 520
Then it easy to show that
1 1 1247 1649
AB;t = pta = | g, L | (5%)
260 520

4.2 Infinite Generation of Commutative Matrices (Br): Case Study (3x3)

Here we just consider a simple example of (3x3) matrix[3] and generate suitable commutative counter
part as follows. The explicit expression for A is [3]

-2 1 2
A=|3 21 (59)
-1 3 3

Now consider the matrix Bs = L + ﬁ(Lzl) as
L+—4

L*LﬁA’
932 =217 —781
1207. 4 5230
b | Pl W .

S0 38 1%

500 1341 16661
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549 279 2479

poi_ | A1 AN

0, BY B (61)

220 605 337
—1019 2811 2029

I b ol B 1
ABs =B A= 30 U #m (62)

220 605 312
5 Conclusion

This paper is the modified and more generalised version of the previous work of Rath[3] in generating
commutative matrix of any non-sinular matrix. In fact one can generate infinite set of commutative
matrix. Further one can check that matrices generated in this paper are different from that generated
in previous approach [3] using the known matrix A. Here for the benefit of reader we have constructed
considered simple cases (NxN)(N=2,3). However one can take any positive value of N.
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