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Abstract: 

This paper explores the application of the Lifting The Exponent (LTE) theorem to 

uncover recursive patterns in prime divisibility within polynomial sequences of the 

form 𝑎2 + 𝑏2and 𝑎2 − 𝑏2, where a, b, and n are integers and p is a prime. The LTE 

theorem provides a systematic method for calculating p-adic valuations, revealing 

predictable patterns in divisibility by powers of p as n increases. By applying LTE, we 

derive concise recursive relations that describe the highest powers of p dividing each 

term in these sequences, without direct computation of large powers. We present case 

studies illustrating LTE’s utility in establishing prime power divisibility across 

exponential terms, enabling efficient analysis of factorization and periodicity in integer 

sequences. This work highlights LTE’s role in advancing number-theoretic methods for 

modular arithmetic, cryptography, and the classification of prime-divisibility properties 

in polynomial expressions, underscoring its value as a foundational tool in modern 

mathematical analysis. 
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1. Introduction 

Prime divisibility within sequences generated by integer powers is a cornerstone of number 

theory, offering insights into patterns and structures that underpin a wide range of mathematical 

and applied fields. The divisibility of polynomial sequences by prime powers, particularly in 

forms like 𝑎𝑛 + 𝑏𝑛and 𝑎𝑛 − 𝑏𝑛, reveals essential properties of these sequences, including their 

factorization behaviors, periodic patterns, and modular relationships. Traditional approaches 

to studying divisibility in exponential sequences, however, can be computationally 

challenging, especially as exponents grow large. In such cases, calculating the highest power 

of a prime p that divides these expressions, termed the p-adic valuation, becomes crucial yet 

complex. The Lifting The Exponent (LTE) theorem addresses this need by providing an elegant 

method to evaluate prime power divisibility within these sequences, significantly reducing 

computational effort. 
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IV. Conclusion 

The Lifting The Exponent (LTE) theorem provides a powerful approach to analyzing prime 

power divisibility in polynomial sequences, offering unique insights into the recursive patterns 

that underlie expressions of the form 𝑎𝑛 + 𝑏𝑛and 𝑎𝑛 − 𝑏𝑛. By enabling the precise calculation 

of p-adic valuations, LTE simplifies the complex task of determining prime divisibility across 

sequences with large exponents, allowing mathematicians to identify predictable, recursive 

structures without directly computing high powers. This paper demonstrates how LTE not only 

streamlines the process of assessing divisibility by prime powers but also reveals fundamental 

patterns within polynomial sequences, shedding light on factors and periodicities that are pivotal 

in number theory. 

The practical applications of these findings extend beyond theoretical mathematics. In modular 

arithmetic, the ability to determine prime divisibility within polynomial sequences supports 

efficient factorization and simplification methods, which are valuable in simplifying equations 

and understanding modular structures. Furthermore, in cryptography, the knowledge of prime 

divisibility patterns and periodic structures in exponential sequences plays a critical role in 

constructing algorithms based on prime factorization, contributing to the security and 

performance of cryptographic protocols. 

Through detailed examples and case studies, we illustrate the LTE theorem’s versatility and 

effectiveness, establishing it as a foundational tool in exploring and understanding divisibility 

patterns in number theory. By examining both theoretical implications and practical applications, 

this study positions LTE as an indispensable resource for mathematicians working with modular 

systems, polynomial sequences, and cryptographic algorithms. Future research can build on these 

findings to explore further applications of LTE in other fields of mathematics and computer 

science, potentially uncovering new patterns in divisibility that enrich our understanding of 

exponential and polynomial sequences. Ultimately, the insights provided by LTE deepen our 

grasp of prime power divisibility, contributing both to the field of number theory and to applied 

domains reliant on the structural properties of integers. 
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