From Simple Rules to Chaos: The Collatz Conjecture
and Its Implications for Aviation

Introduction

Can a set of simple mathematical rules create patterns that are impossible to predict? At first
glance, it seems unlikely. However, the Collatz Conjecture challenges this idea by showing
how even the simplest processes can lead to unexpected complexity. Although it is easy to
understand, it remains unsolved. Its behaviour reflects the unpredictability found in
real-world systems such as weather and aviation. This raises an important question: if
mathematics can be unpredictable, what does this mean for the systems that engineers and
pilots rely on every day?

The Collatz Conjecture Explained

The Collatz Conjecture follows two simple rules that can be applied to any positive integer. If
the integer is even, it is divided by two. If the integer is odd, it is multiplied by three and then
one is added. This process is then repeated.

For example, starting with the number 6:
6-3-10-5-16-8-4-2-1

Whatever number is selected, it seems inevitable that the sequence will eventually reach 1.
This has been verified for extraordinarily large numbers with the aid of computers.
Nevertheless, although the process is relatively straightforward, no one has yet succeeded
in proving this phenomenon mathematically. As such, the Collatz Conjecture is considered
one of the most intriguing unsolved problems in mathematics.

Where Does Chaos Enter?

Despite the seemingly simple process involved, there is no predictability in the behaviour of
the sequence. Some numbers rapidly converge to 1, whereas others rise to extreme values
before eventually decreasing. There is no clear formula or pattern that can be used to predict
how long a number will take to reach 1, nor how high it will rise during the process.




Impact on Aviation and Engineering

This idea of unpredictability does not apply only to mathematics. Many systems in aviation
and engineering display similar behaviour. Weather, for example, is difficult to predict
accurately due to the many small factors that influence it. This directly affects flight planning,
as turbulence and changing conditions can impact both safety and efficiency.

Engineers must ensure that systems remain stable under unpredictable conditions. If
something as simple as a mathematical rule can lead to unpredictable behaviour, then
real-world systems, which are far more complex, are even harder to model. This emphasises
the importance of safety margins, testing, and careful design in aviation. Pilots and
engineers, like mathematicians faced with unsolved problems, must be prepared to deal with
uncertainty.

Individual Analysis

To explore this further, | tested several starting numbers, including 6, 11, and 27. The
number 6 reached 1 quickly, whereas 11 took longer and followed a less direct path. The
most surprising result came from 27, which rose significantly before eventually decreasing to
1. This demonstrates how unpredictable the sequence can be, even when following simple
rules. It was unexpected to observe such different behaviour from relatively small starting
numbers.

Why Hasn’t It Been Solved Yet?

Although computers have been used to test the conjecture extensively, it remains unproven.
This is because testing individual cases, even very large ones, does not guarantee that the
pattern holds for all numbers. A general proof is required, and none has been found so far.
This highlights the limitations of mathematics and shows that even simple problems can be
extremely difficult to solve.

Final Thoughts

The Collatz Conjecture shows that simple rules do not always lead to simple outcomes.
Instead, they can produce behaviour that is difficult to predict and understand. This idea is
especially relevant to aviation and engineering, where systems must be designed to handle
uncertainty and variability. By exploring this problem, it becomes clear that mathematics is
not only about finding answers, but also about understanding its limits. In both mathematics
and aviation, dealing with uncertainty is a fundamental challenge.
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