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“[Codebreaking] did not really need mathematics but … mathematicians tended to be good at 

the job.” 

Gordon Welchman [to Joan Murray]¨ 

 

 

 

 

 

 
 

                                                
§ Dedicated to my lifelong friend, Muthu, who – over the years – gently reminded me of the Polish 
contribution to the breaking of the Enigma code; his knowledge was based on what his late Polish 

plumber had told him, in the early ‘90s. I like to think Arthur Scherbius chose the name ENIGMA for 

his electro-mechanical cipher machine on the basis of the Ancient Greek for ‘riddle’ or 

‘puzzle’(although I suspect it was from Latin, because the popular German word is Das Rätsel); this is 

ironical because Dilwyn ‘Dilly’ Knox, who broke the Abwehr Enigma Machine on 28 October, 1941 

(and much else to do with the Enigma as a ‘secret writing machine’, well before 1941) was a Greek 
scholar of impeccable reputation (cf., Batey, 2017  especially p. 138). My own choice of this 

particular title was based on Batey (op. cit., p. xvii), the title of Hamer (et. al., 20??) and Copeland 

(2004, ed., p. 220), but also of course, fascination with Elgar’s composition of the Enigma Variations 
(I listen to the Bridgewater Hall recording by the Hallé Orchestra). This is a review article (RA) of X, 
Y & Z: The Real Story of How Enigma was Broken by Dermot Turing, with a Foreword by 

Arkady Regocki, Ambassador of The Republic of Poland to the UK, The History Press, UK (£20.00). 

My own view is that there are no ‘real’ or ‘complete’ (Budiansky, 2000) stories; there can only be more-or-less 

plausible stories – unless one is writing a mathematical treatise, without philosophical undertones. 
¨ Erskine, et.al., 2017, p. 253. 
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§1. An Inadequate Preamble 
“…. [If] one allows for the inevitable inadequacy of language as a mode of description and 

communication.” 

Brouwer (in Van Dalen, ed., 1981), p. 5; italics added 

 

In extolling the virtues of DT’s new book - and there are many virtues to extoll - the President 

of the Republic of Poland1, in a letter to DT of September 11th 2018, from Warsaw 

(downloaded from the Internet in January, 2019), states: 

“In December 1932, three members of [the Polish School of Mathematics], namely Rejewski, 

Różycki and Zygalski, first deciphered the German Enigma machine, thereby laying 

foundations for British readings of Enigma codes.” 

 

None of the three, nor their mathematics professors2 and not even (the then) University of 

Poznań, were a part of the great Polish School of Mathematics of the interwar years. 

Kuratowski, a leading light of the founding and sustenance of the interwar movement called 

the Polish School of Mathematics3, had a pointed description of its focus: 

“[T]he domain[s] of the Polish School of Mathematics before [WW II] …. were: topology, 

functional analysis, the foundations of mathematics together with set theory, and descriptive 
set theory.” 
Kuratowski, 1980, p. 696 & p. 701; italics added. 

 

Moreover, the Foreword to X,Y,Z4, written by the Polish Ambassador to the UK, is also 

inaccurate – ‘it’ was never ‘the story of a relay race’ and it is not clear that it is a story of the 

Poles ‘selflessly handing over their secret knowledge to Britain and France’; in addition, the 

Ambassador may well be correct that ‘in Poland… the story is about the triumph of 

                                                
1
 Prezydent, Rzeczypospolitej Polsskiej. 

2
In Rejewski’s own modest words (op. cit., p. 8; italics added): 

“There seems a to be a lot of fuss around our breaking of the Enigma. Yet, we did not do 

anything but applied the knowledge which as first year students, we had learned from 

Krygowski and Abramowicz.’  

Neither Krygowski, nor Abramowicz, were members of the Polish School of Mathematics; 

incidentally, DT refers to the 2011 edition of this book – whereas my copy is of the 2018 edition (both 

are of the ‘second revised edition’ of Wspomniennia, DT, 2018,  p. 317) 
3
 Contrary to the claim on p. 59 of DT, 2018 (italics added), ‘Göttingen was’ not necessarily ‘the place 

to go: it was’ not ‘where the masters of twentieth-century mathematics and physics all were …’. Just 

‘for starters’, there was the Paris of the Bourbakists, Brouwer’s Amsterdam, Hardy’s Cambridge, 

Kolmogorov’s Moscow and, of course, the many-splendoured US - there were many other centres of 

mathematics and physics (Mittag-Leffler’s Stockholm, Raman’s Madras, Einstein’s Zurich, etc). 
4
 As the author explains (p. 20, in Turing, 2018, referred to, henceforth, as DT, 2018): 

“For the greater security of the joint enterprise, the code-breakers labelled themselves X, Y 

and Z for the French, English and Polish centres respectively.”  

See also Rejewski ([1967]; 2018), p. 95. 
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mathematicians’, but it is certainly not about the triumph of mathematics5’(cf., Rejewski, 

op.cit., note 96, p. 151) 

 

This review article of X,Y,Z is structured as follows. In the next section an overview of the 

book is outlined, with an emphasis on the import of its subtitle: The Real Story of How 

Enigma Was Broken. §3 is on Marian Rejewski and Alan Turing, with especial reference to 

their work in the breaking of the Enigma Machine code. In the concluding §4, some 

extensions, extra developments in breaking codes, on incompressibility and randomness, and 

a non-deterministic finite automaton, accepting regular languages, interpretation of the 

Enigma machine is considered. 

 

Four years ago, DT published an excellent biography of his illustrious paternal uncle, Alan 

Turing (Dermot Turing, 2015). He was naturally endowed with some comparative advantages 

– to be terribly economic about it – and it was a pleasure to read the way DT wrote the story 

of Alan Turing Decoded. Chapters 6 and 7 of the earlier book gave the reader a fascinating 

glimpse of the world of espionage, secret codes, enciphering machines and much else of a 

related character, and the important role played in its effectiveness in combating the actions of 

enemy agents of every sort and many nationalities, by Alan Turing (and a few others), 

especially from the base at Bletchley Park.  

 

Almost simultaneously with the book being reviewed here, DT wrote The Story of 

Computing6, the authorship of which shows no sign of any comparative advantage. In spite 

of mentioning – that is all it does – the roles of government, differential analyzers, computing 

with steam, logic and Jevons’s logic piano, there is no mention of Irving Fisher’s hydro-

                                                
5
 Italics, in both cases, added. As Stengers points out (2004, pp. 451-2): 

‘But the Poles cheated.  … [T]he Poles did not tell [Bertrand] that as early as January 1933 

they had reached their goal in their ‘studies’. … Bertrand was told of the Polish success only 

in July 1939, and he was led to believe at that time that it was only a quite recent success.” 

But the ‘cheating’ was not by Rejewski, Różycki and Zygalski, who lived and worked on a ‘need to 
know’ basis; they never, so far as I know, complained about this unfortunate status. The reference in X, 
Y, Z to Stengers is on p. 138 and note 10 on pp. 296-7, in an entirely different sense. As for the 

Ambassador’s use of the word ‘relay’, it is not in either the ordinary track & field sense, or in the sense of the 

relay circuits or multipliers (Hodges, 1983, ch. 4).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
6
 Dermot Turing (2018a), a book of 208 pages, profusely illustrated (there are, at least, a picture, a 

graph or a table, on each page). The blurb on the dust jacket of this book states that the author is ‘the 

nephew of Alan Turing’, whereas the one of the book being reviewed refers to ‘his uncle, Alan 

Turing’- neither refers to the fact that DT was born many years after his illustrious uncle’s tragic death 

at a (relatively) young age! 
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mechanical machine for computing utilities, or A.W.H. Phillips’s Keynesian Macroeconomic 

hydro-electro-mechanical machine for calculating policy options or even Jevons’s attempt at 

the mechanizing logical inference. Neither double-entry bookkeeping, its origins and use in 

accounting at all levels, and therefore Piero della Francesca, nor Leonardo of Pisa (Fibonacci) 

are even mentioned in this unsatisfactory book7. 

 

Today, as he has been for a number of years, DT  is a Trustee of Bletchley Park, a respected 

historical, but also living institution, preserving and fostering the interests of those who, 

among other things, worked anonymously, in breaking various codes; the same Bletchley 

Park honoured the Polish codebreakers, with a plaque, more than a decade ago.  More 

importantly, DT spoke8 at the IFIP9 World Computer Congress, held in Poznań, in 

September, 2018 – just before DT, 2018, was published; the congress was held in that Polish 

city as a tribute to the three Polish mathematicians who were instrumental in breaking the 

Enigma code – as well as to Bletchley Park codebreakers.  

 

So, one would expect a convincing story of ‘how Enigma was broken’ and, in particular the 

role played in the breaking by the Poles, in general, and Rejewski, Różycki and Zygalski, in 

particular. Of course, DT would be the first to recognize that many played important roles at 

Bletchley Park, during WW II; but the undisputed dramatis personae, of the story of the 

breaking of the Enigma Machine’s code, are Marian Rejewski and Alan Turing. Although 

they were trained mathematicians and mathematical logicians, especially the latter (but not 

necessarily the former who was, simply, an undergraduate student of mathematics) they did 

not rely on mathematics alone to understand the workings of machine coding. They – both of 

them – harnessed, effectively, also the psychology of fallible human beings, using language, 

and making human mistakes. 

§ 2. X, Y, Z – The Real Story10 of How Enigma was Broken: A ‘Tour’ 
 

“The universe is made of stories, 

not of atoms.” 

Muriel Rukeyser, The Speed of Darkness 
                                                
7
 Fisher and Phillips develop analogue computing machines; Jevons, on the other hand, is necessarily 

a digital mechanization of logical inference; by the way, Jevons also considers the abacus and a 

wooden slide rule, independent of Napier’s work on logarithms. Of course, no one book can try to be 

complete in its coverage of any topic. In Patinkin, 1956, both ‘utility computer’ (p.11) and market 

computer (p.36), computer is referred to as in DT, 2018a, p.7; Patinkin refers to analogue computing. 
8
 The title of his talk was: Did Alan Turing see an Enigma machine at Bletchley Park? 

9 IFIP – International Federation of Information Processing. 
10

 Italics added. 
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DT, 2018, is divided into 11 numbered chapters, in addition to an Introduction, an Epilogue & 

an Appendix (of five parts)11.  

 

DT, a trained historian, asks us, the readers, in the Introduction itself, to ‘imagine a 

counterfactual history’, where the outcome of WW II is ‘frightening’, as a preface to a better 

understanding of the ‘Polish contribution to the reading of the Enigma-coded 

communications.’ I am not a trained historian, but I can also ‘imagine a counterfactual 

history,’ where “a ‘Mrs B.B’ (it has not been possible to identify her) ‘had seriously 

contemplated’ that the [Enigma rotor] wiring was indeed an identity’ – and was taken 

seriously by ‘Dilly’ Knox, who ‘understood her hypothesis about [the Enigma] wiring’, would 

we not, then, with Knox, ‘be reaching them [the Poles]’ (Erskine, 2011, p. 45)? 

 

There are many counterfactual histories - in fact, at least a countable infinity of them - that 

can be imagined, none of them12 can be a basis for any kind of real story of how enigma was 

broken; nor can a Whig history narrate, convincingly, the role of the Polish contribution to the 

reading and breaking of the Enigma code. 

 

DT, ibid, p. 20, (italics added) states: 

“The July 1939 meeting near Warsaw is itself a major mystery: why did the Poles suddenly 

hand over all their priceless secrets?’ 

Surely, it is no ‘major mystery’ for careful readers of Erskine (2006) or Singh, (199913, pp. 

156-160)? 

 

The declassification, and hence availability of, Gustave Bertrand’s archives, ‘in mid 2016’ (p. 

22) must lend colour and veracity to any narrative, especially to a ‘real story’ of the 

interaction between X, Y, Z and, as DT’s claims, ‘looking at documents’, in general, ‘is part of 

the process of discovery’. But whether this particular ‘process’ makes this particular ‘story’ 

original, or persuasive, given the almost 50 years of ‘stories’ of this nature. I am not sure! 

 

                                                
11

 The additional material before the Introduction and after the Appendix are, perhaps, useful – but not 

as ‘real stories’ of anything. Although the Timeline table(s) of pp. 12-17 is useful, it is incomplete 

(inevitably, but regrettably) in detail – for example ‘Dilly’ Knox’s successes in the Mediterranean – 

‘The Battle of Matapan’ - or against the Abwehr, both in 1941, are not mentioned (cf., Batey, 2017, 

chapters 9 & 10). On the whole, I prefer the Chronology table of Appendix A, in Budiansky (2000) 
12

 Or all of them – subject to the constructive law of absurdity or the formalist law of consistency! 
13

 In spite of the excellently detailed critical review by Reeds (2000). 



 5 

Chapter 1, Nulle Part, attempts – and succeeds - in summarizing the tragic situation Poland 

was facing just before and after WW1, sandwiched as it was, between Germany, Austria and 

Russia – and the struggle for independence. One meets, in pages of this brief chapter, Polish 

independence stalwarts, Piłsudski, CIężki and even the world renowned  musician, 

Paderewski; but, from the point of view of the theme of this book, the most important person 

who we meet in this chapter, is Jam Kowalewski who, as DT writes (p. 35), ‘was redesigning 

the profession of cryptology’. DT also states14, earlier in the same paragraph (italics added), 

that: 

“By putting Kowalewski in charge of Polish decryption [who did so? General Rozwadowski!] 

a crucial step was taken that would lead to Poland becoming world leaders in the art of code-
breaking.’ 

 

Unfortunately, he ‘spoils’ these possible scenarios with the succeeding incorrect assertion(s) 

that (italics added): 

 

“Before Kowalevsky, code-breakers were supposed to be linguists and psychologists.” 

 

Linguists, without, any knowledge of letter or word frequencies of a language, were useless 

code-breakers – this is historically easy to substantiate (cf., Singh, ibid.) – which means, of 

course, some technical knowledge of probability theory and (theoretical and applied) 

statistics. 

 

In DT, 2018, p. 70 (italics added), we are told: 

“Professor Krygowski had taught a module at Poznań on Group Theory, of which 

permutations is an amusing subcategory.” 

 

This claim by DT is not substantiated in any way and I am at a loss to understand what is 

‘amusing’ about a ‘subcategory’ called ‘permutations’. Moreover, ‘permutations are’ 

definitely not ‘like eggs’(especially in the case of enciphering with finite, or at most, 

countably infinite, alphabets, whether numerically coded, or not); nor are matrix 

multiplications commutative, as Born ‘taught’ Heisenberg, in Göttingen! In addition, the 

Appendix on Cycles, with five sub-sections, are technically opaque, add nothing – especially 

to the many and detailed explanations and discussions in Rejewski ([1967]; 2018) – to the 

numerous studies (obviously in Polish, but also in English and German), even from the point 

                                                
14

 This must be read with some caution, in view of Welchman (1997; [2018]), p. 8; italics added), 

observing that: 

“Between the wars, Denniston, seeing the strategic value of what he and his group were doing, had kept 
the Room 40 activity alive.” 

The implications for cryptological work, in the UK, before WW I, are very clear.  
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of view of the Polish contribution to the breaking of the Enigma machine code, analytically 

and descriptively.  

 

These technical infelicities in DT, 2018, are compounded by implicit assertions about the 

origins of the Polish exercises in Enigma code-breaking and their explicit dependence on 

mathematics (and, in particular, that of the Polish School of Mathematics – see, above, § 1), 

in DT, 2018, p.44. Rejewski (ibid, p, 17; italics added) claims: 

“[I]t seems that earlier independent attempts by Polish cryptographers to solve the cipher did 
not yield positive results. That at least could be surmised from the words of one of the 

lecturers, who mentioned in passing during the [Poznań University course on cryptography] 

that it was a Warsaw University professor of mathematics (later I learnt that it was Prof. 

Mazurkiewicz), upon being asked to help, declared that the cipher was unbreakable.’ 

 

This is not consistent with the Wikipedia15 entry on the Biuro Szyfrów, which, among other 

interesting observations, claims:  
“During the Polish–Soviet War (1919–1921), some one hundred Russian ciphers were broken 

by a sizable cadre of Polish cryptologists who included army Lieutenant Jan Kowalewski and 

three world-famous professors of mathematics — Stefan Mazurkiewicz, Wacław 

Sierpiński and Stanisław Leśniewski. 

 
Wikipedia claims as a source for this assertion about Kowalewski, Mazurkiewicz, 

Sierpiński and Leśniewski16 pp. 24-5, of material of 2004 by Grzegorz Nowik17. Moreover, I 

am surprised that a mathematician of the caliber of Stefan Mazurkiewicz could say, 

categorically, that any cipher was unbreakable18. 

 

This kind of carelessness in DT, 2018, makes the noble claim of the process of discovery hard 

to accept. The book is replete with expressions that do not belong in a ‘real story of how 

Enigma was broken’. The author’s imaginative use of, for example, the word ‘roaring’ (p. 

146), or the picturesque language which he uses to describe Rex enlisting Hans-Thilo Schmidt 

(pp. 56-58), or the relevance of the Epilogue for the real story, remains unclear to this 

                                                
15

 I am well aware of the unreliability of any Wikipedia entry!  
16

See Kuratowski, 1980, in general, and, p. 692, in particular; Mazurkiewicz, 

Sierpiński and Leśniewski were members of the interwar Polish School of Mathematics. 
17

 Who is thanked by the Editor (p. 12) of Rejewski, op.cit; I wrote to Professor Grzegorz Nowik, on 

22
nd

 February, 2019, requesting some kind of verification of this claim in Wikipedia – but have, to 

date, not received any response from him. Incidentally, Bauer (2007, p. 87, footnote 3, claims that Dr. 

Werner Kunze ‘was, presumably, the first professional mathematician to serve in a modern 

cryptanalytic bureau’; quite apart from the questionable assertion about the ‘first professional 

mathematician’, it is just as well that he qualifies his claim with the word ‘presumable’! 
18

 Imagine, referring to §4, if Professor Beurling had reacted the same way to the request by FRA? 
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reviewer.  Above all, I do not see any evidence of the opening of Gustave Bertrand’s archives, 

in mid 2016, in ‘looking at documents’, being a ‘part of the process of discovery.’ 

Most importantly, DT does not at all refer to anything by Asa Briggs, Chris Christensen, Jack 

Copeland19, Ralph Erskine, Jack Good, Andrew Hodges20, Jean Stengers, Gordon 

Welchman21, F. W. Winterbotham (‘warts & all’), any reasonable book on elementary – or 

even ‘less-than-elementary – group theory, permutation theory (without the ‘scaffolding’ of 

group theory), any kind of algebra, circuit theory (linear or non-linear) or cryptography and 

cryptanalysis, etc., especially in connection with the breaking of the Enigma code; and none 

of the many articles, chapters in books, theses, etc., which deal handsomely with one or 

another aspect of the Polish contribution to the breaking of the Enigma code. Since all of the 

books, articles, collected essays, theses, etc., are written, or are the results of research, well 

before 2018 (but after 1974), I cannot imagine a real story of the breaking of the Enigma 

code, especially the Polish role in this endeavor, can be written with this kind of lacunae.  

 

Let me give some examples, – which, I think, are representative – of the infelicities that are 

prone to arise in a so-called ‘real story’22, when one neglects these homages – however faulty 

and incomplete - to the role of the priority of the Poles in breaking the Enigma code. DT does 

refer to Władisław Kozaczuk’s two books (DT, 2018, pp. 279-281; see also footnote, 20, 

below) and quite uncritically, too! One of these is related to Gordon Welchman’s carefully 

skeptical narrative (in Wechman, 2018 – which contains Welchman, 1986 as An Addendum), 

whereas Kozaczuc - and his editor/translator – are happily categorical. For example, in 

Appendix F of Kozaczuk (1984), Kasparek & Woytak write (p. 292): 

“It is disconcerting to find such a cock and bull story repeated with approval in Welchman’s 

otherwise sober and valuable book when so much documentation regarding Polish mastery of 

Enigma has been published in English.” 

 

Welchman’s response, (ibid, p. 23; italics added) was: 

“What seems to me ‘disconcerting’ is that Kasparek and Woytak, who should have been 

familiar with ‘documentation’, arrived at such a misconception.” 

 

                                                
19 In spite of the fact that DT does have a contribution in a book edited by Copeland (Turing, 2017). 
20

 I am not thinking of only Hodges, 1983 – to which DT pays handsome tribute in Turing, 2015; but 

also of Hodges, 2008 and Cooper & Hodges, 2016 (at least for Maurer’s chapter 4, in it). 
21 DT does refer to Welchman in connection with the diagonal method and Joan Clarke, but, in particular not to 

Welchman (1986), which is important in casting various doubts on the assertions in Kozaczuk (1984). 
22

 See also the last sentence in the footnote on the title page. 



 8 

The other relates to the editor/translator of Kozaczuk (1984), and the reference to Robert 

Jungk (1958)23, without checking the veracity of (at least some) of the assertions (cf., 

Reischauer, 1986, p. 101 & McMillan (2005)24 on Teller, and even von Neumann, especially 

that ‘he worked in mathematics at Göttingen’). Kozaczuk’s comments about Group Theory 

(ibid, p. 13) is as uninformed as in DT (see footnote 14)25.             

 

§ 3. Marian Rejewski & Alan Turing 
“[I] was not a mathematician – merely an undergraduate student of mathematics…. .” 

Hilton, 2000, p. 4; italics added. 

 

Turing was – became - a mathematician, metamathematician and a Mathematical Logician, 

but he was, according to many (Max Newman, Jack Copeland, Jack Good, Peter Hilton and 

other respected pure and applied mathematicians) also ‘an authentic genius’ (Hilton, op.cit., 

p.7). As characterized by Hodges (2008, p.4; italics added): 

“As Newman (1955, [p. 255]) put it, Turing was ‘at heart more an applied than a pure 

mathematician’. It might be more true to say that Turing had resisted this Cambridge 
classification from the outset. He attacked every kind of problem—from arguing with 

Wittgenstein, to the characteristics of electronic components, to the petals of a daisy. 

He did so on the basis of immense confidence in the power of mathematical analysis, 

in whatever field he chose. But Newman’s comment gives a correct impression that 

Turing began (and ended) with the physical world.  

 

Copeland, et. al., (2017, p. 109) are unstinting in their praise of Marian Rejewski26, who they 

describe as: 

“[Poland’s] intellectual leader was the legendary Marian Rejewski, one of twentieth century’s 

greatest codebreakers.” 

 

Stengers (2004), particularly pp. 452-3, on Rejewski, should be ‘complementary’ to the above 

(and many others, especially Erskine, 1985, Welchman, 1986, part V and even Kozaczuk, 

                                                
23

 I presume the editor/translator is referring to this edition of Robert Jungk’s book. 
24

 Of course, McMillan’s book was published over twenty years after Kozaczuk’s, but the facts 

relating to Reischauer, Teller, von Neumann (and many others mentioned in Jungk’s 1
st
 edition) were 

known well before 1984. 
25

 Another hilarious ‘mistake’ was to refer to Commander Humphrey Sandwith as  

‘Professor Sandwich from Oxford’ (Garliński, 1979, pp- 42-3, italics added) a mistake, alas, Rejewski 

was also guilty of (Kozaczuk, ibid, p236) – which calls into question the veracity of his – Rejewski’s – 

memory! 
26 Marian Rejewski, like Herman Neumann, the father of Max Newman, was born in the Prussian – i.e., German 

– city of Bromberg, which is now the called Bydgoszcz, in Poland. He, thus, qualifies at least on one aspect of 

the qualification that the ‘interview board’ in Oxford, in November, 1941, that Hilton (op.cit., p. 2) faced: ‘a 

mathematician with a knowledge of modern European languages’; however, he was not a mathematician, but 

‘merely an undergraduate student of mathematics’. 
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1984, and its appendices by Rejewski). However, in regard to f.n., 18, it may well be 

interesting that Kahn (1996, p. 53), noted (italics added): 

“[Rejewski had no close friends at the university, but he tagged along on the long walks that 

one of the Polish mathematicians, Henry Schaerf, liked to take. Rejewski’s political views, in 

particular his opinion that the Jews should be expelled from Poland, seemed derived from 
newspaper articles on the program of the National Democratic Party. But he was not so rigid 

as not to listen to contrary positions. Schaerf thought him relatively immature in his 
mathematical work and saw in him no extraordinary ability, no flashes of brilliance.  

 

However, in the reaction of Henry Schaerf, in a letter of 16 September 1982, reported by 

Kasparek, in Kozaczuk (1984), p. 7, note 8, the last sentence is absent27!  

 

Rejewski, unlike Turing, was not a genius; but he was blessed with a comprehensive 

knowledge of classical permutation theory, a very good knowledge of the German language, 

tenacity and, above all, luck – but inspired guesses, may not be all (or even predominantly) 

‘luck’28. The dividing line between ‘inspired guesses’ and trained intuition – based on, for 

example a mastery of the German language and the frequency analysis of classical 

permutation theory – is hard to define. In 1967 Rejewski pointed out ([1967]; 2018], p. 39; 

italics added) that: 

“One of the areas of Higher algebra is the theory of groups
29

 in which, besides abstract groups, 

one has also permutation groups. Properties of permutations – and that is the only thing we are 
here interested in – are given little space in contemporary algebra textbooks. More on the 

subject [i.e., permutations] – can be found in older textbooks, but they rather inaccessible. 

That is why I consider it appropriate to present here those properties of permutations which 

are necessary to understand further discussions related to breaking the Enigma ciphering 
machine.” 

 

Of course, Rejewski was wrong in 1967 and even more incorrect now, on both counts – i.e., 

on permutation theory being ‘given little space in contemporary algebra textbooks; and the 

‘inaccessibility of older textbooks.’ But he is absolutely correct on the use of ‘properties of 

permutations’ in (the Polish) priority in ‘breaking the Enigma ciphering machine’. Everything 

the Polish graduates of mathematics from Poznań University did, to break the Enigma 

                                                
27

 Given the unreliability – for example, p.97 of Kozaczuk, op. cit., about Turing having worked with 

von Neumann before WW II, about Sara Turing having written to Zygalski ‘following Alan Turing’s 

premature death in 1954’, errors repeated by Rakus-Andersson, 2004, p.436 – of Kasparek/Kozaczuk, 

I prefer to believe David Kahn (cf., also Welchman, 1986, p. 203, on Kozaczuk’s amusing use of the 

phrase ‘a cock-and-bull-story’ and p. 187 for  Welchman’s explanation of the likely origin of the 

phrase).  
28

 Cf., Welchman, op.cit., pp. 207-8, especially the quote by Stengers. 
29

 DT, 2018 mentions group theory on p. 70, both absurdly and we are not told when “Professor 

Krygowski had taught a module at Poznań on Group Theory ..” (see above) - whether it was when 

Rejewski was an undergraduate student of mathematics at Poznań University, and that he took ‘the 

module’!  
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machine code was due to a mastery of permutation theory, supplemented by a thorough 

knowledge of the grammatical structure of the German language and the frequency with 

which its letters and words appear in a sentence; in addition, they were endowed with tenacity 

and imagination to interpret human – in particular German ‘professional’ peculiarities from an 

intelligent psychological point of view. 

 
Figure 1: A little bench (designed by Michał Kubiak) on which a seated statue of Marian Rejewski 

with an Enigma Machine, is depicted, in Bydgoszcz (from my Notebook). 

 

 

Figure 2: Stephen Kettle's 2007 statue of Alan Turing using an Enigma Machine, at Bletchley Park (donated 

by the Sidney E. Frank Foundation, unveiled by Abel Hadden on 19th June 2007)30.  

 

Turing was always interested in group theory – even before his Newman-inspired forays into 

Mathematical Logic, Hilbert’s Entsheidunsgsproblem and the pioneering essay on 

computability. As Whitty & Wilson (2017, p. 394; italics added), point out: 

“[T]he theory of groups was mainstream fare for British mathematicians of the 1930s. ….  

…. 

                                                
30

 Downloaded from the Internet, on 4
th
 February, 2019. 
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[Burnside’s] text on the theory of groups had a major influence on a near contemporary of 

Turing’s at King’s College. 

…. 

So by the 1930s group theory was making an impact in Cambridge, and at King’s College in 

particular31
.” 

 

In Turing, 2017, DT writes (pp.22-23; italics added): 

“Until the mid-1970s the family had little knowledge about what Alan [Turing] had done at 

Bletchley Park. Although we knew there had been a codebreaking effort and that Alan 

[Turing] had been part of it, we had no idea about its successes, its strategic or operational 

impact, or the significance of his own role.” 

 

Almost similarly, in Rejewski ([1967]; 2018, p. 131-2; italics added)32, the author of Marian 

Rejewski – biography outline, states: 

“In April 1967 [Rejewski] … for the first time … revealed his cryptological past to his 

immediate family.  

… 

In 1973. … Gustave Bertrand … revealed (in Bertrand, 1973) the role of the Polish 

cryptologists in the breaking of the Enigma … .” 

 

In the public domain, as Ralph Erskine (1985, p. 316; italics added) pointed out in a brilliant 

review of Kozaczuk’s Enigma33: 
“Dr. Wladyslaw Kozaczuk was the first author to make public, in 1967, the fact that the Poles 

had successfully attacked the military version of the German Enigma cipher machine. 

Unfortunately, no information about his revelations was published in English for a very long 

time, which led various writers to publish nonsense about the Polish success ….  .” 

 

It is, therefore, quite understandable that it is replete with inaccuracies and exaggerations 

(particularly of the role of the Poles in cracking the Enigma code). However, the fact remains 

that Rejewski, Rozycki and Zygalski concentrated, for almost a decade, on understanding the 

human underpinned changing of, and evolutionary character, of the structure of the Enigma.  

 

Turing, on the other hand, came in, formally, to the Bletchley Park (BP) scene on the day 

after Britain declared war on Hitler’s Germany – although, of course, as a private citizen with 

enormous curiosity of anything mechanically unusual, logically challenging and 

                                                
31Permutation theory in general, and the theory of circular permutations, in particular, can be a part of 

Group Theory, but need not be (see Graham, et. al., 1998). 
32

 In an e-mail to me, of 20 March, 2019, an employee of AMU – i.e., Poznań University – wrote me: 

“U know, Rejewski's daughter, Janina Sylwestrzak, learned the truth about her father when she was 

adult.” 

The spelling and grammar as in the original. 

 
33

 See also DT, 2018, p. 279. Winterbotham (1974), in the first English story of the ‘internal’ activities 

at Bletchley Park, does not mention Turing, nor Rejewski – but does mention the role of the Poles in 

cracking the Enigma code, although incompletely and inaccurately. 
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mathematically seemingly insoluble, he had dabbled on what can only be called cryptanalysis 

and cryptography (Hodges, op.cit., in particular chapter 4, referring to Turing’s time, prior to 

his BP years). 

 

Rejewski, Różycki and Zygalski, with (a thorough?) first-year undergraduate, mathematical 

knowledge imparted by their teachers34, were able to use this in exploiting the errors made by 

the German encrypting agents, human or machine – partly due to ‘laziness’ by the former35, 

but mainly because pure randomness is not easy to define or generate, even by sophisticated 

machines (see the concluding section). There is no record of any of them – particularly 

Rejewski – having interested themselves in any other field of mathematics, mathematical 

logic, probability theory, the theory of statistical inference, foundations and the philosophy of 

mathematics or, indeed, having any knowledge of an understanding of the many fields which 

circumscribed the Polish School of Mathematics. The whole credo is beautifully expressed by 

Rejewski, [2016]; 2018, p. 100, when he, with disarming honesty, ‘confessed’ that: 

“[A]fter all we are not after the mathematical precision but after the cryptological utility.” 

 

Thus, concentrating on breaking the Enigma code, they invented, discovered and developed36 

grilles (Rejewski), clocks (Różycki), cyclometers (Rejewski), grid systems or perforated 

sheets (Zygalski) and bomby (Rejewski), during almost the whole of the 1930s37 - not only – 

not even - by the methods of mathematics (see for example, note 96, p. 151, in Rejewski, 

op.cit.).  

 

It has to be remembered, however, that Rejewski does develop, and use, four theorems in 

Appendices D & E, in Kozaczuk (1984), although the proofs are not satisfactory38 (nor, not 

surprisingly, constructive). They are added evidence for Henry Schaerf’s views on Rejewski 

as a mathematician!  

                                                
34

 See the Foreword by the Rector of AMU to Rejewski ([1967]; 2018). 
35

 As Rejewski told Woytak (Kozaczuk, 1984, p. 235): 

“ [W]henever there is arbitrariness, there is also a certain regularity. There is no avoiding it.”            
36

 The differences between, especially, a discovery and an invention, is never made clear, in the 

technical literature of encryption, decryption, codes, etc. 
37

 There is, as pointed out above, in §2, almost an embarrassment of riches on explanatory and 

descriptive articles on these devices and there is no need to add to this largely excellent literature (of 

which Rejewski, [1967]; 2018, is a prime example). 
38

 Rejewski also uses what Kahn (1996, p. 300, note to page 64), identifies as the theorem on p. 135 of 

Birkhoff & Mac Lane (1965). That this theorem ‘won World War II’ (Cipher A. Devours’s view, cf. 

Kozaczuk, ibid, p. 24, note 14) is an exaggeration; no ‘theorem’, mathematical, probabilistic, 

statistical, or whatever, won any war (even if some of them helped shorten a war). Much of this is 

carefully explained in Christensen (2013), especially, p. 171 & Christensen (2007), pp. 271-2.     
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In the voluminous literature on the changing and evolutionary structure of the Enigma, I have 

not found any indication that the human designers and constructors of the Enigma machine 

knew, or understood, any deep principles of group theory – either as permutation groups or 

simple permutation theory (or any kind of algebra or mathematical logic). My conjecture is 

that the designers and constructors were, at best, competent engineers, with knowledge of, or 

expertise in, (informal) linguistics. There is no evidence that the designers or constructors of 

the Enigma machine, from its purely commercial stage to its evolved army, naval and air 

force incarnation, ever employed, or harnessed, professional linguists – professionally trained 

mathematicians of any sort. All they did, from Scherbius onwards, in designing an armed 

forces employable Enigma machine, was to make the encryption by it as statistically 

unlearnable – unscramblable – from a (linguistic) pattern distribution point of view, as 

possible; their – no doubt sincere – assertions of the unbreakability of the Enigma machine’s 

encryption facilities was entirely from this point of view.  

 

Surely, Turing would have known that any code is breakable – after all, this is one of the 

implications of his famous result on the Halting Problem for Turing Machines (and also of his 

concept of Oracle Computations)! 

 

This is why, I conjecture, that Rejewski, Różycki and Zygalski, succeeded in breaking the 

Enigma code (before Turing entered the scene), even as it was progressively made more 

complicated with structural modifications to the number of rotors, plugboard connections, 

changes to the setting of the key more frequently, and so on. But the Poles faced the 

unavoidable limitations of economic resources, and – as a consequence – decided to (in the 

form of Langer and fellow ‘superiors’ ordering Rejewski, Różycki and Zygalski) disclose 

their methods for breaking the Enigma machine’s code, in July, 1939 (note, again, that it was 

before Turing entered the scene, officially). 

 

Copeland (2011, p. 161) does correctly identify Turing’s ‘three fundamental contributions .. 

to the defeat of Nazi Germany’ - but for mnemonic convenience I shall refer to them as the 

Bombe, Bamburism and Turingery - BBT39. In my opinion, they were related developments by 

                                                
39

 Rejewski’s bomba which was ‘a more primitive form of [Turing’s] Bombe’; both of them 

‘employed guided search’ – the Bomba, in effect, used the heuristic, in its search, ‘Ignore the Stecker’ 

i.e., the plugboard. See, Copeland & Proudfoot, 2005, p. 142, note 78. This has the (subsequent, but 

independent) flavor of Herbert Simon’s machine models of problem solving! 



 14 

Turing, on the basis of his relative mastery of many tracts of mathematical logic, 

mathematics, physics, plus a firm grounding in the physical basis of the ‘real’ world. This is 

why, Hodges (2008, p.4): 

“It was typical for him … to seek to outdo Bell Telephone Laboratories with his single brain, 

and to build a better system with his own hands.’  

 

In passing, it must be mentioned that Wald’s sequential analysis40, (mathematical) 

consistency and contradiction(s)41, and the contributions to the development of computers 

with stored memories, were all outcomes of Turing’s work at BP (specifically in 

implementing the hand-methods of BBT, towards mechanizing by computers). 

 

Finally, let me end this section with the following trivial observation(s). On p. 26 of Rejewski 

(op.cit.; italics added), he refers to the ‘Indian port of Trinkomalee’, which is ‘corrected’ in 

note 18, p.138 (ibid, italics added) as ‘Trinkomali is situated in Ceylon (Sri Lanka). But both 

are incorrect on the spelling – it is (in English), Trincomalee42. This is analogous to the 

‘mistake’ on p. 171 of Winterbotham (1974; italics added), where ‘the botanical gardens of 

Peridriniya’, is referred to; it is, of course, Peradeniya (in English)43, that Winterbotham 

refers to!  

§ 4. Concluding Skeptical Notes 
 

“The accomplishment of a scholar, is illuminative in all its aspects, only in assembly of 

learned critics.”
44

 

Thirukkural, #717, 

                                                
40

 One of the trio of foundations of Newclassical – or Recursive – Macroeconomics; the other two 

being (Kalman) filtering and (Bellman’s) dynamic programming. 
41

 Turing gave the same course – at least in name – as Newman’s, which he [Turing] followed some 

years earlier (and led to his famous paper(s) on computability of 1936-7), as part of the mathematical 

tripos, in Cambridge, just before he joined BP; it was advertised for the Lent term in 1940, but – 

naturally – was not given. Meanwhile, he had been introduced by Alister Watson to Wittgenstein and 

followed – with disapproved absences – the philosophy-based course on the foundations of 
mathematics – the same name as the ones given by Newman and Turing, but for the mathematics 

faculty - by the great Austro-Cambridge philosopher. In Wittgenstein’s classes, Turing debated, I feel 

on an equal footing, on the mathematical meaning of consistency and contradiction – Wittgenstein 

countered with philosophical objections. This led to the famous Bridge construction example and the 

role of contradictions in the physical world (cf, Diamond, 1976, XXII, pp. 216-220 & Rota, 1986, pp. 

2-3). 
42

 Derives from the Tamil word, ‘Thirukonamalai’ (தி#ேகாணமைல). 
43

 The Singhalese word is: ෙ"රාෙද&ය. 
44

 My translation; Thirukkural, #717, in the original Tamil is: 
க+றறி-தா. க/வ1 வ1ள345 கசடற8 
ெசா+ெற;த/ <=ன. இ@A4 
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DT, 2018, is endowed with many virtues – but also infelicities are numerous, some of which 

have been pointed out, in this RA, earlier. In these concluding notes I take up three of these 

implicit infelicities: the role of courses in cryptology, especially to mathematicians (and, 

concomitantly, rotor machines – more advanced than the Enigma machines – used as 

encryption scramblers); the role of randomness in the scrambling process intrinsic to 

encryption; the constructive mathematical method (especially in its Brouwerian versions, as in 

Van Dalen, 1981, ed.). I end this section with a proposition that the Enigma, as a machine 

with many rotors (and a plugboard) is a Nondeterministic Finite Automaton, capable of 

accepting regular languages, going beyond any kind of (standard) probabilistic or statistical 

analysis (which is, of course, related  to the second of the above ‘infelicities’, in DT, ibid). 

 

Bauer, 2007, at the very outset (p. 2, in fact) has pictures of four persons, as the key (sic!) 

cryptologists of the battle against Hitler’s Germany: William Friedman of the US, Marian 

Rejewski of Poland, Alan Turing of the UK and Arne Beurling of Sweden. I have dealt with 

Rejewski and Turing in the previous section; from many points of view – available resources, 

the kind of enmity they felt and the role of neutrality (as against ‘non-involvement’), and so 

on – of cryptology, the US was an ‘outlier’; that leaves Sweden. 

 

As pointed out by Ulfving & Weierud, 2000, pp. 62: 

“At the beginning of 1941 Sweden was in a situation that had drastically deteriorated during 

the previous year.” 

 

The end of the Winter War, between Russia (the Soviet Union) and Finland and the peace 

treaty signed between the two countries on 13 March, 1940 (thus preserving a semblance of 

independence for Finland) and the successful (and ‘surprising’) German attack on Denmark 

and Norway, threatened Swedish neutrality. As Stephen Budiansky (2000, p. 400, note 313; 

italics added) states: 

“The Swedish government, with the aid of the brilliant mathematician Arne Beurling, also 

achieved a break in the German teleprinter traffic using hand methods. On the morning after 

the German invasion of Denmark and Norway on April 9, 1940, the German government 

demanded Swedish permission to use the Swedish West Coast cable for communications 

between Berlin and Oslo. Stockholm hemmed and hawed so as not to arouse suspicions, then 

gave its seemingly reluctant approval on April 14. A few days later Swedish telephone 

technicians tapped into the line and Beurling, exploiting the depth of messages that had been 

sent in the same key, broke the first traffic only a few weeks later. From then until 1944, when 

the messages began to defy hand methods of cryptanalysis, the Swedes read three hundred 

thousand German teletype messages.” 
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The full story of the Swedish success with hand-methods requires some details, most of which 

can be found in Beckman (1999), Kjellberg (1993), Hallberg (2006) and Ulfving & Weierud 

(2000). However, some points, relevant to this RA, should be highlighted: 

I. The hand-methods are similar to those developed by Turing as part of the Turingery; 

II. The Germans used the Geheimschreiber, jointly with a teleprinter45, to replace the 

now outmoded Enigma; 

III. Naval Cryptography Courses were organized (at least) in 1930-31, 1932-33 & 1933-4 

with signals intelligence activities, from naval coastal stations, carried out from 

October, 1929; 

IV. The cryptography courses were directed towards active and reserve officers, and 

conscripted – selected - students (from, for example, the University of Uppsala);  

V. Arne Beurling, who had become a Docent in 1933, and then, a Professor in 1937, at 

Uppsala University, had been a ‘student’ in one of these cryptology courses46; 

VI. Beurling’s breaking of the Geheimschreiber code took only two weeks, but he was 

reluctant to divulge his methods, which were ‘reconstructed’ by Kjellberg (op.cit, 
pp.30-31) and Carl-Gösta Borelius (of the FRA - Försvarets radioanstalt); 

 

Clearly, courses were not exclusively organized for the students of Mathematics at Poznań 

University and not only in Poland. Sweden, partly due to the breaking of the Geheimschreiber 

code, was able to maintain its neutrality and stay out of the war; Poland lost its independence 

and was dragged into war. Of course, Poland was more vulnerable to German demands before 

WW II and Soviet behavior (during and) after it. The ‘need to know’ philosophy of BP was 

applied to Rejewski, Różycki and Zygalski, by their Polish superiors; I don’t think FRA 

worked this into a working hypothesis. Finally, FRA, together with the Swedish navy did not 

actively pursue the ‘need to know’ or hierarchical philosophy, operated respectively by BP or 

the Poles47. 

 

As de Leeuw & Bergstra (2007, p. 13, italics added) observe: 

“A truly
48

 unbreakable cipher would have the characteristics of randomness and 
incompressibility, as may be the case with a one-time pad”

49
 

 

                                                
45

 The radio equipment, used with the teleprinters, was called Sägefisch in German; hence BP’s ‘fish’ 

links (see Tutte, 2006, p. 355)!  
46

 I have not, as yet, been able to determine which of the three courses Arne Beurling attended. 
47

 So far as I know, all the decryption is done after an encryption and, then, a radio transmission, 

which need not be uncontaminated – and, above, all, need not have to be based on linearity of 

anything. The Radio Research Board of the Department of Scientific and Industrial Research (of the 

UK) wrote, in January, 1938, to the London Mathematical Society – like the Swedish FRA turning to 

the mathematician Arne Beurling – asking for help from Pure Mathematicians in understanding 

solutions of non-linear differential equations and understanding non-linear oscillation (Temple, 1981, 

p. 203). To the best of my knowledge no one at BP knew anything about this. Was it a case of ‘need to 

know’, and hence no one bothered with this kind of request? 
48 Surely, this word is superfluous! 
49

 See Li & Vitanyi (1993), chapter 2. 
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Any rotor machine – particularly the Enigma in any of its various forms – is breakable. But a 

characterization of any enciphering machine (not only rotor machine, of which the Enigma is 

just one), without incompressibility, makes it breakable (at least theoretically)! All the 

increasing ‘sophistication’ that were progressively introduced in the structure of the Enigma 

machine, were a means to ensure randomness50 – not incompressibility. Therefore, the 

following proposition holds: 

 

Proposition 1: 

Any enciphering machine which is characterized by randomness and incompressibility is 
unbreakable. 
 

Proposition 2:  

Every Enigma machine is a Non-deterministic Finite Automaton and, therefore, accepts 
Regular Languages. 
 

Remark 1: 
 
The proofs of both of these propositions are ‘easy’, but at the moment I know only non-
constructive proofs. 
 

Finally, no one person, with the possible exceptions of Jack Copeland, Peter Hilton and 

Andrew Hodges, other than the late ‘Jack’ Good, has given prominence to the originality of 

Alan Turing in his work on Enigma Variations. Good (1993), p. 164 & fig, 19.1 is the only 

reference to the Brouwerian constructive set theoretic approach to chess, taken by Euwe 

(1929)51 – apart from Van Dalen’s magisterial biography of Brouwer (Van Dalen, 2005, p. 

616).  

 

Turing’s pathway to his pioneering computability contribution were helped by Newman’s 

Cambridge lectures on the Foundations of Mathematics, which included a part of Brouwer’s 

constructive mathematics (cf. Grattan-Guiness, 2017, esp. P. 439). That Good is incorrect52 in 

                                                
50

 No coin-tossing can generate a random sequence (or just randomness), as, for example, Diaconis, et. 

al., (2007) have shown convincingly. 
51

 Euwe used the Thue-Morse sequence to show that the official rules of chess, then prevailing, i.e., in 

1929, did not preclude (Brouwerian) infinite games. It is this concept of infinity that Turing used, at 

least from the time he wrote the famous computability paper. For example, something seemingly 

trivial as the supply of paper for (what came to be known as) the Turing Machine, was indefinitely 

suppliable, rather than a finished infinity that was available. 
52

 Fortunately, Good invokes Euwe (ibid) in terms of a ‘weak analogy’, whatever the phrase means, 

(see Good, ibid, p. 164). 
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his interpretation of the mathematics of Euwe is unimportant. The notion of contradiction and 

consistency, used by Turing in his development of the British Bombes (and also Banburies), 

contrary to Hodges (1983, esp., p. 181), is mathematically constructive in spirit. Rejewski, on 

the other hand, knew nothing of the intricacies or varieties of logic, mathematics or 

metamathematics; but he was endowed with impeccable honesty, a narrow background in the 

mathematics of permutation theory, patience and tenacity. Both Rejewski and Turing, in my 

opinion, extolled the virtues of intuionistic logic, even without explicitly acknowledging it53.  

 

DT, 2018 has nothing really – whether as a story or not – to say (or write), that has not been 

said or written in earlier, by a host of writers of articles, reviews, theses, single- and multi- 

authored books and single or jointly edited books, from the early 1970s to now (i.e., before 

the book being reviewed here was published) 
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