TITLE:   Mathematics, Codes, and Poznań: The Polish Contribution to Breaking the Enigma Cipher

1. Introduction: Why talk about codes in a mathematics course? (2 min)
· Coding, encryption, and cryptology are excellent real-world applications of mathematics.
· Links to linear algebra: permutations, transformations, and structured operations on sets.
· Why this topic is relevant for international students in Poznań: the city played a major role in the early stages of deciphering Enigma.

2. Poznań — the starting point of the Enigma breakthrough (2–3 min)
· The University of Poznań as an early centre of mathematical research.
· In 1929 the Polish Cipher Bureau organized a special cryptology course for top mathematics students.
· The group of young mathematicians who later broke Enigma were trained in Poznań — an important local historical fact for visiting students.

3. What was the Enigma machine and how did it work? (3–4 min)
Explain the mechanism in simple, accessible terms:
· What a rotor-based encryption machine is.
· Structure of Enigma: keyboard, rotors, reflector, plugboard (cables).
· Core idea: a sequence of permutations applied to each letter — analogous to compositions of transformations in algebra.
· Every keypress triggered a new configuration, producing extremely large numbers of possible settings.

4. Classical ciphers — background for understanding Enigma (2 min)
Briefly introduce traditional ciphers to give context:
· Caesar cipher (alphabet shifts).
· Vigenère cipher (periodic keys).
· Frequency analysis as an early mathematical method in cryptology.
This helps explain why Enigma appeared unbreakable compared to earlier systems.

5. The Polish mathematicians who broke Enigma (4 min)
Marian Rejewski
· Studied mathematics at the University of Poznań.
· Applied permutation theory, cycle structures, and algebraic methods to reconstruct Enigma’s internal wiring.
· Demonstrated that mathematical reasoning—not espionage—was the key to breaking the cipher.
Jerzy Różycki
· Another Poznań-trained mathematician.
· Developed techniques for reducing the number of configuration possibilities, including the “clock method.”
Henryk Zygalski
· Created the “Zygalski sheets” — perforated sheets used to identify machine settings.
· Combined combinatorics, logic, and manual computation.
Why it matters
· The Polish team broke Enigma in 1932, years before British work at Bletchley Park.
· Their methods significantly accelerated the Allied cryptanalysis effort and likely shortened World War II by 2–3 years.

6. Algebraic perspective: how mathematics was used to break Enigma (3–4 min)
• Permutations
Each rotor and plugboard setting can be viewed as a permutation of 26 elements.
• Composition of transformations
The path of a letter through the machine is a composition of multiple permutations, similar in structure to repeated matrix transformations.
• Cycle structures (Rejewski’s discovery)
Rejewski observed that the length and pattern of permutation cycles contained information about Enigma’s daily key.
• Symmetry and pattern detection
Mathematical structure allowed the team to reduce huge search spaces to manageable ones — a powerful demonstration of applied algebra.

7. Why it matters today: modern applications (2 min)
· Modern cryptography (RSA, AES, ECC) is deeply mathematical.
· Secure communication is essential in fields such as environmental monitoring, land management, GIS data exchange, and remote sensing.
· The Enigma story shows how mathematical thinking can influence global history, technology, and security.

8. Conclusion (1 min)
· Poznań played a crucial role in the earliest phase of breaking Enigma.
· Even basic mathematical concepts taught in Linear Algebra can underpin powerful analytical tools.
· Understanding encryption and mathematical structure is valuable for many scientific and technical disciplines.
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