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ABSTRACT
We show that the Diophantine equation
X3 4+yS=2° (0.1)

admits matrix triple solutions from M3(N) and M6k(N), k € N. We construct infinite universes
made of these solutions. We introduce different construction structures sets of matrix solutions
associated to the Diophantine equation (0.1). These construction structures sets of matrix
solutions allow us to show that there exists an infinite number of multiverses (parallel
universes) of the matrix solutions of the Diophantine equation (0.1) containing each a finite
number of universes of matrix triples.
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l. INTRODUCTION AND MAIN RESULT

A multiverse (or parallel universes) is the collection of alternate universes
that share a universal hierarchy. The idea of the existence of the multiverse
has been around for long time. An idea which many theoretical physicists
have been trying to prove by using string theory which is a branch of theo-
retical physics that attempts to reconcile gravity and general relativity with
quantum physics. In 2018, Stephen Hawking on his paper entitled ” A smooth
exit from eternal inflation?” predicted that there are not infinite parallel uni-
verses in the multiverse, but instead a limited number and these universes
would have laws of physics like our own [4]. The idea of multiverse is not
sufficiently understood to the most mathematicians. Perhaps the lack of
understanding the existence of the multiverse is due to the fact that math-
ematicians never deeply study the idea of multiverse in terms of tuples of
numbers satisfying an equation (E) which represents the universal stability
law of universes contained in the multiverse. Generating universes of tuples
of numbers (or matrices) which satisfy a certain equation (E) is an interest-
ing approach. In 2021, Mouanda introduced a new method of computing the
Galaxies of sequences of Pythagorean triples [5]. He constructed the multi-
verse Fa22(C) of Pythagorean triples of complex numbers which has a finite
number of universes since
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Fo22(N) C Foo2(Z) C Fop2(Q) C Fao2(R) C Fora(C).

This lead to the introduction of the new theory called ”Galaxies Number
Theory”. This new theory provides us a better understanding of the laws
and structures of different universes. The study of the galaxies of the universe
of Pythagorean triples of positive integers (matrices or polynomials) gives us
a clear understanding of parallel universes. Pythagorean triples have been
known and developed since ancient times with the oldest record dating back
to 1900 BC [1]. Finding methods for generating Pythagorean triples have
been of great interest to mathematicians since Babylonians (from 1900 to
1600 BC). In the literature, there are three classical methods of generating
Pythagorean triples. Namely, Pythagoras’ method (c. 540BC), Plato’s For-
mula (c. 380 BC) [8] and Euclid’s formula (c. 300BC) [2]. There are in three
post-classical methods which are Fibonacci’s method (c. 1170 - c¢. 1250),
Stifel’s method (1544) [11] and Ozanam’s Method (1694)[9]. There are two
modern methods which are Portia’s method and Dickson’s method [10, 3].
Recent Mouanda’s work on finding the matrix solutions of Diophantine equa-
tions shows that matrix exponential Diophantine equations always admit an
infinite number of matrix solutions [6].

In this paper, we show that the Diophantine equation X3 + Y°® = Z% ad-
mits not only matrix solutions from the set M3(N) but also matrix solutions
from the set Mg(N),k € N. We give some examples of matrix solutions.
We construct universes made of these solutions. We introduce different con-
struction structures sets of matrix solutions associated to this Diophantine
equation. These construction structures sets of matrix solutions allow us
to construct the multiverses (parallel universes) of matrix triple solutions of
the Diophantine equation X? + Y% = Z containing each a finite number of
universes.

Theorem 1.1. There exists an infinite number of multiverses (parallel uni-
verses) of matriz triple solutions of the Diophantine equation X3 + Y% = Z°
containing each a finite number of universes of matrix triples.

. PROOF OF THE MAIN RESULT

In this section, we construct universes of matrix triple solutions of the Dio-
phantine equation (0.1). We introduce the construction structures sets of
matrix triple solutions of this equation. We construct the multiverses of
matrix triple solutions of the equation (0.1).

2.1 The Universe of Matrix Triple Solutions of the Diophantine Equation
XC+Yyo=27°

Let f: N3 — N be a function of three variables. Define by

FN*) ={(2,y,2) : f(z,y,2) = 0}.

On Multiverses (or Parallel Universes) of Matrix Triple Solutions of the Diophantine Equation X3 + Y 6 = Z6

© 2024 Great Britain Journals Press



The set F(N3) is called the universe of triples of positive integers. Every
element of the set F(N?) is called a planet.The equation f(z,y,2) = 0 is
called the stability law of the universe F(N?).

Example 1: Let f, . : N> — N be a function of three variables such that

(xaya Z) L fn,m,k($7y7z) - l,n + ym - Zk'

In this case,
Fnami(N?) = {(x,y, 2) € N?: f(x,y,2) = 0} = {(m,y,z) e N3 g 4y = zk}
Fermat’s Last Theorem allows us to say that F,,,(N*) = {}, with n > 3.
Example 2: The universe

Fooa(N®) = {(z,9,2) € N*: 2?44 = 2}

has an infinite number of elements. The set F22(N?) is called the universe
of Pythagorean triples.

Mouanda’s recent work on finding matrix solutions of Diophantine equations
shows that the universe

Fnamk(Mymi(N)?) = {(X,Y,Z) € Myme(N)? : X" 4 Y™ = Zk}

is not empty at all for every triple (n, m, k) of positive integers. Assume that
n =3 and m = k = 6. Let us construct subsets of the universe

Fao6(Mg(N)?) = {(X,Y,Z) € Msg(N)* : X? +Y°® = Z°}.

Definition 2.1. [7] A matrix B € M,(N) is a construction structure of
matrixz solutions of Diophantine equations if there exist two positive integers
m, 3 such that B™ — 3 x I,, = 0.

Denote by

London Journal of Research in Science: Natural & Formal

Du(N) = {B € M,(N): B™ — 8 x I, = 0,m, 3 € N}

the set of all construction structures of matrix solutions of Diophantine equa-
tions from M,(N). A matrix Diophantine equation can admit several con-
struction structures. Let a be a positive integer. Let

010000
0010O0O0
000100
Ao = 0 00O0T10
0 00O0O0OT1
a 00000
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be a Rare matrix of order 6 and index 1 [6]. The matrix A, allows us to
construct an infinite number of matrix solutions of the Diophantine equation
X3+ Y%= Z5 Indeed, let us notice that AS = o x I. This implies that

A2 = o x I

Af = x I

Ab = (a+B) x Is

(A2 + A = (a+B) x Is = A%, 5,Ya, B € N.

Therefore, the matrix triples (A2, Ag, An4s), @, 8 € N, are solutions of the
Diophantine equation X? + Y% = Z6 1In other words, for o, 3 € N, the
matrix triples

0 01000 01 0000 0 10000
000100 001000 0 01000
000010 000100 0 00100
0 000O0OT1T |’ O0OO0O0O0OT1O0|’ 0 00010
a 0 0000 0 00O0O0T1 0 00001
0O a 0000 g 00 0 00 a+p8 00 0 00

are planets of the universe F366(Mg(N)?). In fact,

Faoduda = {(A3, Ag, As15) : 6,8 € N} C Fz66(Mg(N)?).

The matrix A, is called a construction structure of matrix solutions of the
Diophantine equation X3 + Y% = Z6 and the triple (Aq, Aq, Ao) is called a
construction structure triple of matrix solutions of the Diophantine equation
X3 +Y% = Z5 The matrix A, is not only the unique construction structure
of matrix solutions of the Diophantine equation X3 + Y® = Z¢ The matrix
transpose of the matrix A, noted by A7 is also a construction structure of
matrix solutions of this equation. Therefore, the triples

(Aay Aas Aa)s (Aa, Aay AT, (Aas A, Aa), (Aas Ags AL, (AR Aas Ad),

<A£7 Aav AZ)? (Agv Agv Aa)’ (A§7 Ag7 Ag)

are 8 construction structures of matrix solutions of the Diophantine equation
X3+Y% = Z5 Every construction structure triple of matrix solutions allows
the construction of an infinite universe of matrix solutions of the Diophantine
equation X? + Y% = Z% For example, the construction structure triple
(An, AL ATY allows the construction of the infinite universe

Fapazar = { (A5, Af, Aj,5) 1 0.8 € N}

We can see that the matrix A, generates 8 infinite universes.
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2.2 Construction Structures Set of Matrix Solutions of the Diophantine Equation
XC+yb=7

In this section, we show that the matrix Diophantine equation X3+ Y% = Z6
admits matrix solutions in M3(N) and Mgy (N), & € N. In the case where
the matrix solutions are elements of the set M3(N), we can choose the matrix

Ay =

S oo
o O
o~ o

to generate construction structures associated to this equation. The set of
matrix triples

0 10 010 0 1 0
‘FAoqumAa: 0 01 , 0 01 , 0 0 1 :5,5€N
208462 0 0 5 0 0 o+58 0 0

are solutions of the equation X? + Y% = Z¢ Let us consider the matrices

Aa1:

)

o o o

10 0 a 0 0
01 |, Aga=]00 1], 405=1[0
00 100 1

o O =
o L O

The construction structures set C'S(Aa1) = {Aad-, AaT,j 15 =12, 3} is non-
commutative. The set C'S(A,1) is called the construction structures set of
matrix solutions of the Diophantine equation X2 + Y% = Z6 associated to
the matrix A,;. We can now construct the set

{FPQ,QQ,HQ . POmQOmHOc S OS(Aa,l)}

London Journal of Research in Science: Natural & Formal

of universes of matrix triple solutions of the Diophantine equation
X3 4+Y°® =26

Assume that the matrix solutions are elements of the set Mg(N), in this case,
we can consider the matrices

S ocoocooco o
DO OO O~
Do OO~ O
oo~ OO
oo RO OO
o~ oo oo
==l e i e i e Wi )
co oo o
oo O~ O
oo~ OO
oo RO OO
o~ oo oo
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010 00O 010 00O
00 a0O00O0 001000
Aus — 000100 Aoy = 000 a 00
“ 000O0T1O0]|"™ 000O0T1O0]"’
000 O0O01 000 O0O01
10 0000 100 000
01000 O 010000
001O0O0O 001000
Aus = 000100 Aug = 000100
@ 0000w 0] "™ 000O0T1020
000O0O01 00000 «
1000 00 100000

The set C'S(An1) = {AQJ,AZJ j=1,2, ...,5,6} is non-commutative. The
set C'S(Aa1) is another construction structures set of matrix solutions of the
Diophantine equation X3 + Y% = Z5 associated to the matrix A, ;.

2.3 Construction Structures Set of Matrix Solutions of Diophantine Equations
Let a be a positive integer. Assume that A, ; € M, (N) is a square matrix of

order n and let introduce the associated construction structures set of matrix
solutions. Let

01 00 0000
0010 0000
0 001 0000
0 00O 0000
Apr = Do Do
0 00O 01 00
0 000 0010
0 000 0001
a 0 0 0 0000

be a Rare matrix of order n and index 1. Denote by

0 a 00 0000 01 0O 0000
0010 0000 00 a0 0000
0 0 01 0000 0001 0000
0 000 0000 0000 0000
Asp=1| ¢+ oo s Aes = 0 A
0 000 0100 0000 0100
0 0 0O 0010 00 0O 0010
00 00 0001 0000 0001
1 00 0 0000 10 00 0000
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0100 0000 0100 0000
0010 0000 0010 0000
000 «a 0000 0001 0000
0000 ...0000 0000 0000

Aga= | + v 0 v o n Ay = A
0000 0100 0000 0 a 00
0000 0010 0000 0010
000 0 0001 0000 0001
100 0 0000 1 000 0000
0100 0000 0100 0000
0010 0000 0010 0000
0001 0000 0001 0000
000O0...000TD 0000 0000

Agpa= + v 0 A= P Ponon
0000 0100 0000 0100
0000 00 a0 0000 0010
0000 0001 0000 000 a
1000 0000 1000 0000

The set C'S(An1) = {Aa,j, Ag;j i=12,...,n—1, n} is called the construc-
tion structures set of matrix solutions of Diophantine equations. In this case,
the set C'S(A,,1) contains exactly 2n matrices.

2.4 Multiverses Associated to the Construction Struc-tures Sets of Matrix Solutions of the
Diophantine Equation X3 +Y°® =2

The Diophantine equation X3+ Y% = Z6 has an infinite number of construc-
tion structures sets of different sizes. In particular, matrices from the sets
Me(N), k € N are matrix solutions of this Diophantine equation.

Definition 2.2. A multiverse (or parallel universes) is the collection of al-
ternate universes that share a universal hierarchy.

Let CS(Aa1) = {Aa,j,AZ;j cj= 1,2,...,5,6} be a construction struc-
tures set of matrix solution of the Diophantine equation X3 +Y% = Z6 The
set

M = {-FPQ,QO“HQ : Pcw Qaa Ha S CS(AOIJ)}

is called the multiverse of matrix triple solutions of the Diophantine equation
X3 +Y® = Z5 The set M is finite. We can now show that every multiverse
of matrix triple solutions of the Diophantine equation X3+ Y°® = Z6 is finite.
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Proof of Theorem 1.1
We need to construct multiverses of matrix solutions elements of the set

e Assume that k = 1. In this case, the matrix solutions are elements of the
set Mg(N), we can consider the matrix

010000
001000
000100

Ao = 000O0T10
000001
a 00000

and the construction structures set
CSl(AaJ) = {Aa,ijZ,j : ] = 1, 2, cery 5, 6}

has 12 matrices. The universe

Fpootia = {(P5,Qp, Hsyp) : 6,8 € N}, Po, Qu, Hy € CS1(Aqy)
is an infinite set. The set
M, = {FPa,Qa,Ha 1 Py, Qa, Hy € CSl<Aa,1>}

is called the first multiverse of matrix solutions of the equation
X3 +Y% = Z5 This multiverse has exactly 12 x 12 x 12 = 1, 728 universes.
e Assume that k = 2. Let

ol e M e M e N es M e B an e M an B s M e B )
OO0 O R OO0 DO O
DO O R OO OO0
DO OO OO0
DO OO0
=N e Il o Ml e Bl e S e Wi o B e Bl e il e Wi )

SO DD DD DO DD OO o0 O
(el eloleoloNBeoNeoNoNel e
[l elNolNoeloNBoNoBol o]
S OO DD DO DO OO OO Oo
S OO OO oo+ OO oo
OO DD DO O OO O oo
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be a Rare matrix of order 12 and index 1. The construction structures set
CSy(Aar) = {Aaj ALy j=1,2,...,11,12}
has 24 matrices. The universe

]:Pa,Qa,Ha = {(Pé,Q%,H§+rB> . 5,ﬂ - N} ,Pa,Qa,Ha c CSQ(AQJ)

is an infinite set. The set
Mo ={Fp, 0uba : Pa,QasHo € CS2(Ann)}

is called the second multiverse of matrix solutions of the equation

X3 4+Y% = Z8 This multiverse has exactly 24 x 24 x 24 = 13, 824 universes.
e Let k be a positive integer and let

01 00 00 00O
0 010 00 00
0 0 01 00 00
0000 ....00O00O0
Aga=| ¢+ v s | € Ma(N),a #0,
0000 0100
0O 0 0O 0O 010
0 0 0O 0 0 01
a 0 0 0 00 00

be a Rare matrix of order 6k and index 1. Denote by

London Journal of Research in Science: Natural & Formal

0 a 00 0000 01 00 0000
0 010 0000 00 a0 0000
0 0 01 0000 00 01 0000
0 0 00 0000 0000 0000
Asp=1| ¢+ oo A= A
0 000 0100 0000 0100
00 0O 0010 00 0O 0010
00 0O 00 01 00 0O 0001
1 000 0000 10 00 0000
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0100 0 0 0O 01 00 00 0O
0010 0 0 0O 0 010 0O 0 0O
0 00 « 0 0 0O 0 0 01 0O 0 0O
00 0 0 0 00O 0 00O 00 0O
Apa= | v v 0 v o L Agere = 8 F TR
00 0 O 01 00 00 0O 0O aa 00
00 0 O 0 010 0 0 0O 0 0 10
00 0O 0 0 01 0 0 0O 0 0 0 1
1 000 0 0 0O 1 0 0 0 0O 0 0O
01 00 00 0 0 01 00 000 O
0010 00 0 O 0 010 00 0 O
00 01 0 0 0 O 0 0 01 00 0 O
00 0O 0 0 0 O 0 0 0O 0 0 0 O
An k-1 = S R R S S S s Aaek = R SR
00 0O 01 0 0 0 0 0O 01 0 O
00 00 0 0 o O 0 00O 0010
00 0O 0 0 0 1 00 0O 0 0 0 «
1 000 0 0 0 O 1 000 0 0 0 O

It is well known that Ag’fj =a x Ig,j=1,...,6k [5]. The set

CSi(Aan) = {Aaj, AL, 15 =1,2,...,6k} C Mg(N)

is the k" construction structures set of the matrix solutions of the
Diophantine equation X? + Y% = Z® The Diophantine equation

Xk 4 y Ok — 76k
allows us to deduce that
(XY 1 (YF)S = (Z%)5,
Therefore,

(425 + (45,)° = (A" = 1.2 Bk 0, fE N,

The matrix triples (A?l’fj, A’[g,j, A§+5,j>’ a, B € N, satisfy the Diophantine

equation X3 + Y% = Z° The universe
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10.

11
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FPQ,QQ,HQ - {(PZka an H§+5) : 5a6 € N} 7Pa7QaaHa S OSk(Aa,l) C Mﬁk(N)v

is an infinite set. The set

Mk = {]:PQ,QQ,HQ : Pa,QonHa € CSk(Aoc,l)}

is called the k' multiverse of matrix solutions of the Diophantine equation
X3 4+Y% = Z5. The multiverse M, has

12k x 12k x 12k = 1,728 x k?

universes of matrix solutions. This yields us the desired result. 0
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