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DI–DI–DI–DA H—E NIGM A C A L L ING

 The letters that appeared at the lampboard made up the  ciphertext , the 
enciphered form of the message. As the letters of the ciphertext lit up 
one by one, the operator’s assistant painstakingly noted them down. 
Various items were then added as an unencoded ‘preamble’ to the 

    Figure 7.  How the Enigma machine encrypts a letter     

  Credit: Dustin Barrett and Jack Copeland – All rights reserved  



OUP CORRECTED PROOF – FINAL, 10/22/2012, SPi

43

DI–DI–DI–DA H—E NIGM A C A L L ING

 The earliest successes against German military Enigma were by the 
Polish Cipher Bureau or Biuro Szyfrów, located in the city of Warsaw. 
Around the end of 1932, Polish codebreaker Marian Rejewski, a small, 
pensive man with owl-like circular spectacles, managed to deduce the 

    Figure 8.  How Enigma decrypts     

  Credit: Dustin Barrett and Jack Copeland – All rights reserved  



OUP CORRECTED PROOF – FINAL, 10/22/2012, SPi

93

1942: BACK TO A ME R IC A + HI T L E R’S NE W CODE

alongside Britain’s other great war heroes. There should be a statue of 
Turing too.’   

 It was after Tutte denuded the machine that Turing entered the Tunny 
picture. Knowing how the machine worked was one thing; being able to 
read the daily messages was quite another. Turing shifted over from Hut 8 
to tackle the problem, and within a few weeks he had come up with a 
paper, pencil, and eraser method for breaking the daily messages. In the 

    Figure 17.   How the Tunny machine encrypts a letter      

   Credit: Dustin Barrett and Jack Copeland – All rights reserved   
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    Figure 31.   The Manchester computer playing draughts (checkers). This is probably the fi rst 

time a computer screen was used for gaming. Strachey’s hand-drawn diagram explains the 

symbols on the screen. The computer is Black.    

   Credit: With kind permission of the Bodleian Library, Oxford   
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COL D POR R IDGE

would be to say ‘No’ in response to ‘Are you a computer?’ and to follow a 
request to multiply one huge number by another with a long pause and 
an incorrect answer (but not one that is  too  incorrect). In order to fend off 
awkward questioning, the machine might even claim to be from a differ-
ent culture to the judge.   14    The other human participant—the ‘foil’—must 
assist the judge to make a correct identifi cation. 

 The test is repeated a number of different times with a range of people 
serving as the judge and the foil. From time to time the foil and judge 
might be from different cultures. If the judges’ rate of success at spotting 

    Figure 34.   The Turing test      

   Credit: Dustin Barrett and Jack Copeland – All rights reserved   
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A SIMPL E T U R ING M ACHINE

Because Turing machines are abstractions—notional machines—hav-
ing access to an  unlimited  tape or workspace, they are capable of com-
pleting computations that no physical computer could in practice 
complete. 

 Turing machines are also capable of performing  unending  computa-
tions, as is illustrated by the machine that endlessly prints 0 1 0 1. Another 
example of a Turing machine whose computations never cease is one 
that calculates each successive decimal fi gure of an ‘endless’ real number 
such as π. An endless number has no fi nal fi gure after its decimal point. 
The number π, which is defi ned as the ratio of the circumference of a  circle 
to its diameter, is 3.14159265 . . . Turing described π as a ‘computable 
number’, meaning simply that a Turing machine is able to spit out each of 
the unending decimal fi gures of π, one after another. Turing also showed 
that, in contrast to π, some endless numbers are  uncomputable . 

 In his exposition in ‘On Computable Numbers’, Turing went on to show 
that the instruction table itself could be stored on the Turing machine’s 
memory tape. The instruction table in  Fig.  38     may be written down lin-
early as follows, using a semi-colon (;) to separate each  instruction from 
its neighbours, and putting ‘—’ in place of ‘blank’: i—P0Rii; ii—Riii; 

State Scanned square Operations Next state

i blank P0, R ii

ii blank R iii

iii blank P1, R iv

iv blank R i

    Figure 38.  A simple program for a Turing machine. A machine acting in accordance with 

this table of instructions toils on endlessly, printing the desired sequence of numbers and 

leaving alternate squares blank       


