
examples of amicable numbers

examples of amicable numbers are a fascinating topic in number theory,
capturing the interest of mathematicians for centuries. These pairs of
numbers are unique because each number is the sum of the proper divisors of
the other, creating a special relationship that distinguishes them from other
number pairs. This article explores a variety of examples of amicable
numbers, their historical significance, mathematical properties, and methods
to identify or generate such pairs. By understanding these examples, readers
can gain deeper insight into the nature of amicable numbers and their place
within the broader context of mathematics. Additionally, the article
addresses the relevance of amicable numbers in modern computational
mathematics and their intriguing patterns. Following this introduction, a
structured overview of the key sections will guide the exploration of
amicable number examples and related concepts.
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Understanding Amicable Numbers

Amicable numbers are defined as two distinct positive integers where each
number is equal to the sum of the proper divisors of the other. Proper
divisors of a number are those divisors excluding the number itself. This
unique reciprocal relationship makes amicable numbers a special subset of
number pairs in mathematics. The concept dates back to ancient times and has
intrigued scholars due to its rarity and the elegant symmetry it represents.

Definition and Basic Concept

Formally, a pair of numbers (a, b) are amicable if the sum of the proper
divisors of a equals b, and the sum of the proper divisors of b equals a.
This can be expressed as:

σ(a) - a = b

σ(b) - b = a

where σ(n) denotes the sum of all divisors of n, including n itself. This
definition highlights the mutual divisor-sum property that characterizes
amicable pairs.



Historical Background

The earliest known amicable numbers were discovered by the mathematician
Pythagoras around 500 BC, who attributed mystical properties to these pairs.
The pair (220, 284) is the most famous and was known to the ancient Greeks.
Over centuries, mathematicians such as Thābit ibn Qurra and Euler expanded
the list of known amicable pairs and developed formulas to generate them,
marking significant advances in number theory.

Famous Examples of Amicable Numbers

The realm of amicable numbers includes several well-documented pairs that
showcase the unique properties of these number sets. Below are some of the
most notable examples of amicable numbers, illustrating the diversity and
complexity of these pairs.

The Pair (220, 284)

The pair (220, 284) is the smallest and most famous example of amicable
numbers. It was first studied by the ancient Greeks and remains a classic
illustration of amicable pairs.

Proper divisors of 220: 1, 2, 4, 5, 10, 11, 20, 22, 44, 55, 110

Sum of these divisors: 284

Proper divisors of 284: 1, 2, 4, 71, 142

Sum of these divisors: 220

This confirms the amicable relationship between 220 and 284.

The Pair (1184, 1210)

Another classic example is the pair (1184, 1210), discovered by the
mathematician Thābit ibn Qurra. This pair further demonstrates the properties
of amicable numbers beyond the smallest known pair.

Proper divisors of 1184: 1, 2, 4, 8, 16, 32, 37, 74, 148, 296, 592

Sum of these divisors: 1210

Proper divisors of 1210: 1, 2, 5, 10, 11, 22, 55, 110, 121, 242, 605

Sum of these divisors: 1184

Other Notable Examples

Beyond these well-known pairs, many other amicable numbers have been
identified, often through computational methods. Some additional pairs



include:

(2620, 2924)1.

(5020, 5564)2.

(6232, 6368)3.

(10744, 10856)4.

Each of these pairs satisfies the amicable condition, where the sum of the
proper divisors of one equals the other.

Mathematical Properties of Amicable Numbers

The study of amicable numbers reveals several interesting mathematical
properties and patterns. These properties contribute to the theoretical
understanding and classification of amicable pairs.

Divisor Functions and Relationships

Amicable numbers are closely related to divisor functions, particularly the
sum-of-divisors function σ(n). The mutual sum-of-proper-divisors condition
defines the amicable relationship, linking these pairs through their divisor
structure. This connection places amicable numbers within the broader context
of perfect and sociable numbers, which also involve divisor sums.

Rarity and Distribution

Amicable numbers are relatively rare compared to other integer pairs. Despite
extensive computational searches, the distribution of amicable pairs remains
sparse and irregular. However, infinitely many amicable numbers are
conjectured to exist, though this remains an open problem in number theory.

Classification and Types

Amicable numbers can be classified in several ways, including primitive and
non-primitive pairs. Primitive amicable pairs share no common divisors other
than 1, while non-primitive pairs are multiples of smaller amicable pairs.
This classification aids in understanding the structure and origin of these
numbers.

Methods to Find Amicable Numbers

Finding amicable numbers has historically been a challenging task, requiring
advanced mathematical techniques and computational power. Various methods
have been developed to identify or generate amicable pairs effectively.



Algebraic Formulas

One of the earliest approaches to finding amicable numbers involved algebraic
formulas derived by mathematicians like Thābit ibn Qurra. These formulas
generate amicable pairs under specific conditions and are based on prime
numbers and their relationships.

Computational Algorithms

Modern discovery of amicable numbers relies heavily on computational
algorithms and programming. Efficient algorithms calculate the sum of proper
divisors and check pairs systematically, enabling the identification of very
large amicable pairs that were previously unknown.

Use of Factorization and Divisor Sums

Factorization techniques are essential in finding amicable numbers, as
understanding the prime factorization of numbers allows for quick calculation
of divisor sums. This method streamlines the search process and helps verify
candidate pairs.

Applications and Significance of Amicable
Numbers

While amicable numbers are primarily of theoretical interest, they have
implications and applications in various areas of mathematics and related
fields.

Role in Number Theory

Amicable numbers contribute to the study of divisor functions and integer
relationships, influencing research in perfect numbers, sociable numbers, and
other divisor-related concepts. Their unique properties inspire mathematical
curiosity and problem-solving.

Cryptography and Computational Mathematics

Although not directly applied in cryptography, the techniques developed to
find amicable numbers, such as efficient factorization and divisor
calculations, have parallels in cryptographic algorithms and computational
number theory.

Mathematical Recreation and Education

Amicable numbers serve as examples in mathematical education, illustrating
concepts of divisors, sums, and integer relationships. Their intriguing
nature makes them valuable for recreational mathematics and promoting
interest in number theory.



Frequently Asked Questions

What are amicable numbers?

Amicable numbers are two different numbers so related that the sum of the
proper divisors of each is equal to the other number.

Can you give an example of amicable numbers?

A classic example of amicable numbers is 220 and 284. The sum of the proper
divisors of 220 is 284, and the sum of the proper divisors of 284 is 220.

Are 1184 and 1210 examples of amicable numbers?

Yes, 1184 and 1210 are amicable numbers because the sum of the proper
divisors of 1184 equals 1210, and the sum of the proper divisors of 1210
equals 1184.

How do you verify if 220 and 284 are amicable
numbers?

To verify, calculate the sum of proper divisors of 220 (which is
1+2+4+5+10+11+20+22+44+55+110=284) and the sum of proper divisors of 284
(which is 1+2+4+71+142=220). Since each sum equals the other number, they are
amicable.

Are 2620 and 2924 amicable numbers?

Yes, 2620 and 2924 form an amicable pair because the sum of proper divisors
of 2620 is 2924 and vice versa.

What is a lesser-known example of amicable numbers?

A lesser-known example is the pair 5020 and 5564, which also satisfy the
condition of amicable numbers.

Are amicable numbers always two-digit or three-digit
numbers?

No, amicable numbers can be of any size. For example, 1184 and 1210 are four-
digit numbers, and there are amicable pairs with much larger values.

Can you provide an example of large amicable numbers?

One example of large amicable numbers is 17296 and 18416, which form an
amicable pair.

Are perfect numbers related to amicable numbers?

Perfect numbers are related in that they are equal to the sum of their own
proper divisors, but amicable numbers are pairs where each number's proper
divisors sum to the other number, not itself.



Where can I find a list of amicable number examples?

Lists of amicable numbers can be found in mathematical databases, number
theory textbooks, or online resources like the OEIS (Online Encyclopedia of
Integer Sequences).

Additional Resources
1. Amicable Numbers and Their Mysteries
This book delves into the fascinating world of amicable numbers, exploring
their history and significance in number theory. It provides numerous
examples and explains the mathematical properties that define these unique
pairs. Readers will also find insights into how amicable numbers have
intrigued mathematicians from ancient times to the modern era.

2. The Beauty of Amicable Numbers: Exploring Number Pairs
Focusing on the elegance and patterns of amicable numbers, this book offers
detailed examples and proofs related to these special pairs. It discusses
various methods used to discover new amicable numbers and the challenges
involved in these searches. The book is accessible to both amateur
mathematicians and seasoned researchers.

3. Amicable Numbers: A Journey Through Number Theory
This comprehensive text covers the theory behind amicable numbers, including
their algebraic and computational aspects. It presents historical anecdotes
and famous examples, helping readers understand why these numbers are
considered "friendly." The book also examines the role of amicable numbers in
modern mathematical research.

4. Pairs in Harmony: The Story of Amicable Numbers
Highlighting the harmonious relationship between amicable numbers, this book
traces their discovery and mathematical significance. It features numerous
examples from classical mathematics and recent findings. The narrative style
makes complex concepts approachable, making it ideal for students and
enthusiasts alike.

5. Discovering Amicable Numbers: From Euclid to Modern Algorithms
This work chronicles the evolution of amicable number theory, starting with
Euclid’s early findings and extending to contemporary computational
techniques. It includes step-by-step examples demonstrating how amicable
pairs are identified and verified. Readers gain a historical perspective
alongside practical mathematical tools.

6. Amicable Numbers and Perfect Friends: Mathematical Explorations
Exploring the connection between amicable and perfect numbers, this book
illustrates how these numerical relationships have puzzled mathematicians. It
provides detailed examples and exercises to deepen understanding. The text
emphasizes the beauty and complexity of these special number sets.

7. The Quest for Amicable Numbers: Historical and Modern Perspectives
This book offers a rich historical background on the pursuit of amicable
numbers, highlighting key mathematicians and their discoveries. It covers
famous amicable pairs and the latest advances in identifying new ones.
Readers will appreciate the blend of history, theory, and practical examples.

8. Number Friendships: Understanding Amicable Pairs
Aimed at readers new to number theory, this book introduces amicable numbers
with clear explanations and numerous examples. It explains the significance



of these pairs and their unique properties in an accessible manner. The book
also includes puzzles and problems to engage the reader actively.

9. Amicable Numbers Unveiled: Patterns and Properties
This book focuses on uncovering patterns and mathematical properties within
amicable numbers. Through detailed examples and proofs, it reveals the
underlying structures that govern these number pairs. It is a valuable
resource for those interested in deepening their knowledge of number theory
and amicable numbers.
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