Abstract

Some Properties of Hyperbolic

k-Narayana Octonions ACULTY OF SCENCE

CHIANG MAI UNIVERSITY

This iIndependent study focuses on the Iintroduction and investigation of hyperbolic k-Narayana octonions. First, the definition and algebraic

structure of hyperbolic k-Narayana octonions are established. Fundamental properties of these octonions are then examined. In particular, closed-

form expressions Iin the form of Binet-type formulas are derived. Adc

analyzed. The results provide a foundational understanding of hyperbo
number sequences within higher-dimensional non-associative algebras.

Introduction

Hamilton invented quaternions in 1843. It can be used to show
rotations in three dimensional space, and have applications in
computer graphics, robotics, and aerospace engineering.
Quaternions are also used in many areas of mathematics, such
as differential geometry and number theory [1].

On the other hand, octonions are generalization of quaternions.
In this work, we are interested in hyperbolic

k-Narayana octonions, which are structures that generalize k-
Narayana numbers. Chapter 2 will contain preliminaries while
main results will be shown in Chapter 3. Finally, Chapter 4 offers
conclusion.
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The Narayana numbers : In the 14th century, Tadepalli Venkata Narayana
Introduced them as follows

N,=N, {4+ N, 3,n>3

with 0,1,1,1 initial condition. That is, the Narayana sequence is
{0,1,1,1,2,3,4,6,9,1319, 28, 41, 60, ...}.
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itionally, conjugation properties and summation formulas are obtained anc

Ic k-Narayana octonions and contribute to the broader study of generalizec

Objective

1. To study the definition and structure of hyperbolic k-Narayana
octonions.

2. To prove some basic properties of hyperbolic k-Narayana
octonions, such as the

Binet's formulas,conjugate, and summation formulas.

Preliminaries

k-Narayana number: The k-Narayana numbers were introduce
In 2015 by Ramirez and Sirvent

Nk,n — ka,n—l - Nk,n—San >3

Result

k-Narayana octonion : For non-zero integers number k, and let n > 0
be an integer.The hyperbolic k-Narayana octonions HONj,
Is defined by

HONyn = Niy + Nint1%1 + Niptata + Nini3ts
+Ng pyata + Ngpists + Nentele + Nenirir,

Some basic properties of hyperbolic k-Narayana octonions :

1. HONk,n -+ HONk,n = 2Nk,n-

2. HONy,HON,,,, = 2HON},,, — 2N} .
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3. HON,,HONy,, =3 N2, — Y N2,
1=0 1=4

The Binet's formulas of hyperbolic k-Narayana octonion
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The summation for the hyperbolic k-Narayana octonion

& R Nin + Nigpnt1 + Nepnr2 — ENgp1 + 1+ 11 +1a +13 + 14 + 15 + 16 + 17
E kkm — —
! k
m=0
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