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Secret wartime projects in code-breaking, radar and 
ballistics produced a wealth of ideas and technologies 
that kick-started the development of digital computers.  
By 1955 computers produced by companies such as 
Ferranti, English Electric, Elliott Brothers and the British 
Tabulating Machine Co. had begun to appear in the 
market-place. The Information Age was dawning and 
Alan Turing and his contemporaries held centre stage. 
Their influence is still discernible deep down within 
today’s hardware and software. This is a tribute not only 
to stars such as Tom Kilburn, Alan Turing and Maurice 
Wilkes but to the many other scientists and engineers 
who made significant contributions to early computing 
during the period 1945 – 1955.

•	Fascinating	story	told	by	top	historians
•	Tales	of	electronic	wizardry	and	notable	British	firsts
•	Marks	the	centenary	of	Alan	Turing’s	birth	
•	How	Alan	Turing	turned	his	fertile	mind	to	many	
subjects	during	his	tragically	short	life	
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There can be no doubt 
that Alan Turing was a 
brilliant man who changed 
the course of history in 
countless ways, but there 
were many other brilliant 
minds involved in bringing 
computer science to life 
and ultimately into our 
homes. This fascinating 
book reminds us of the 
importance of their 
contribution. A fitting 
tribute to those who gave 
the world so much.
Kate Russell, technology reporter 
for BBC Click

Fantastic! This is an 
excellent romp through 
Britain’s early computer 
history, placing Alan 
Turing’s work in a broader 
context and introducing 
the reader to some of the 
significant machines and 
personalities that created 
our digital world.
Dr Tilly Blyth, Curator of Computing 
and Information, Science Museum
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PREFACE 

The years 1945–55 saw the emergence of a radically new kind of device: the  high-speed 
stored-program digital computer. Secret wartime projects in areas such as code-
breaking, radar and ballistics had produced a wealth of ideas and technologies that 
kick-started this first decade of the Information Age. The brilliant mathematician and 
code-breaker Alan Turing was just one of several British pioneers whose prototype 
machines led the way.

Turning theory into practice proved tricky, but by 1948 five UK research groups 
had begun to build practical stored-program computers. This book tells the story of 
the people and projects that flourished during the post-war period at a time when, 
in spite of economic austerity and gloom, British ingenuity came up with some  
notable successes. By 1955 the computers produced by companies such as Ferranti, 
English  Electric, Elliott Brothers and the British Tabulating Machine Co. had begun 
to appear in the marketplace. The Information Age had arrived.

To mark the centenary of Alan Turing’s birth, the Computer Conservation 
 Society has sponsored this book to celebrate the efforts of the people who produced 
the world’s first stored-program computer (1948), the first fully functional comput-
ing service (1950), the first application to business data processing (1951) and the 
first delivery of a production machine to a customer (1951). Our book is a tribute 
not only to stars such as Tom Kilburn, Alan Turing and Maurice Wilkes but to 
the many other scientists and engineers who made significant contributions to the 
whole story.

Chapter 1 sets the background to these events, explaining how, and where, the basic 
ideas originated. Chapters 2–6 describe how teams at five UK locations then built a 
number of prototype computers based on these ideas. Chapter 7 explains how these 
prototypes were re-engineered for the market place, leading to end-user applications 
in science, industry and commerce. The relative influence of Alan Turing in all of this, 
through his contributions both to the theory and the practice of computing, is sum-
marised in Chapter 8. The book concludes with a technical appendix that gives the  
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specifications and comparative performance of the principal computers introduced in 
the main text.

Simon Lavington
25 September 2011

lavis@essex.ac.uk
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1 
THE IDEAS MEN

Simon Lavington

SCIENCE AT WAR

The momentous events of the Second World War saw countless acts 
of bravery and sacrifice on the part of those caught up in the conflict. 
Rather less perilously, large numbers of mathematicians, scientists and 
engineers found themselves drafted to government research establish-
ments where they worked on secret projects that also contributed to 
the Allied war effort. This book is about the people who took the ideas 
and challenges of wartime research and applied them to the new and 
exciting field of electronic digital computer design. It is a complex story, 
since the modern computer did not spring from the efforts of one sin-
gle inventor or one single laboratory. In this chapter we give an over-
all sense of the people involved and the places in Britain and America 
where, by 1945, ideas for new forms of computing were beginning to 
emerge.

In Britain the secret wartime establishment that is now the most 
famous was the Government Code and Cipher School at Bletchley Park 
in Buckinghamshire. Bletchley Park together with its present-day suc-
cessor organisation, the Government Communications Headquarters 
(GCHQ), may be well known now but in the 1940s – and indeed right 
up to the 1970s – very few people were aware of the code-breaking 
activity that had gone on there during the war. The mathematician 
Alan Turing was perhaps the most brilliant of the team of very clever 
people recruited to work there. In the spirit of the time, let us keep the 
story of Bletchley Park hidden for the moment. We shall return to it 
after introducing examples of other scientific work that went on in Brit-
ain and America during the war.

In both countries research into radar featured prominently. The chal-
lenge was to improve the accuracy and range of detection of targets, 
for which vacuum tube (formerly called ‘thermionic valve’) technology  
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Alan Turing and his contemporaries

Bletchley Park and Colossus This country mansion 
in Buckinghamshire was taken over by the Government 
Code and Cipher School (GCCS) in 1938 and was soon 
to become the centre for top-secret code-breaking 
during the war. When activity there was at its height the 
mansion and numerous temporary outbuildings housed 
a staff of about 9,000, of whom 80 per cent were women. 

Up to 4,000 German messages that had been encrypted 
by Enigma machines were being deciphered every day. 
Bletchley Park developed electromechanical machines 
called Bombes to help decode Enigma messages. 
From mid 1942 the Germans introduced the formidable 
Lorenz 5-bit teleprinter encryption machine for High 
Command messages.

To analyse and decipher the Lorenz messages, 
mathematicians at Bletchley Park and engineers 
from the Post Office’s Research Station at Dollis 
Hill developed the Colossus series of high-speed 
electronic digital machines. Operational from 
December 1943, these Colossus machines were of 
crucial importance to the Allied war effort. However, 

their design had little impact upon early general-
purpose computers for two reasons: firstly, their 
very existence was not made public until the 1970s; 
secondly, they were special-purpose machines with 
very little internal storage.

You can visit Bletchley Park today and see working 
replicas of a Bombe and a Colossus.

2
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Professor Douglas Hartree 
is shown here in about 1935 
operating a Brunsviga mechanical 
desk calculating machine. Hartree 
(1897–1958) was a mathematical 
physicist who specialised in 
numerical computation and 
organised computing resources 
during the Second World War. 
After the war he took the lead in 
encouraging the design and use 
of the new prototype universal 
stored-program computers for 
science and engineering.

and electronic pulse techniques were stretched to the  
limit. The Telecommunications Research Establishment 
(TRE) at Malvern, Worcestershire, became a world-class 
centre for electronics excellence, especially as applied 
to airborne radar. Research for ship-borne naval radar 
was carried out at the Admiralty Signals Establishment 
(ASE) at Haslemere and Witley in Surrey.

In 1945, as hostilities ended, senior people from 
the various British and American research establish-
ments visited each other’s organisations and exchanged 
ideas. Amongst the subjects often discussed was the 
task of carrying out the many kinds of calculations 
and simulations necessary for weapons development 
and the production of military hardware. During the 
war scientific calculations had been done on a range of  
digital and analogue machines, both large and small. 
The great majority of these calculators were mechanical 
or electromechanical. In Britain the mathematician and 
physicist Douglas Hartree had masterminded many of 
the more important wartime computations required by 
government research establishments. In America one 
particular research group had decided to overcome the 
shortcomings of the slow electromechanical calculators 
by introducing high-speed electronic techniques. It was 
thus that in 1945, in Pennsylvania, the age of electronic 
digital computing was dawning.

THE MOORE SCHOOL: THE CRADLE OF ELECTRONIC 
COMPUTING

A huge electronic calculator called ENIAC (Electronic 
Numerical Integrator and Computer) was developed 
under a US government contract at the Moore School 
of Electrical Engineering at the University of Pennsyl-
vania. The spur for ENIAC had been the need to speed 
up the process of preparing ballistic firing tables for 
artillery. Leading the development team were two aca-
demics: the electrical engineer Presper Eckert and the 
physicist John Mauchley. As the work of building the 
huge machine progressed a renowned mathematician 
from Princeton University, John von Neumann, was 
also drawn into the project. Von Neumann subsequently  
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ENIAC Construction of ENIAC (Electronic Numerical 
Integrator and Computer) started in secret in 1943 at 
the University of Pennsylvania. It was first demonstrated 
to the public in February 1946. ENIAC was a magnificent 
beast. It contained 17,468 vacuum tubes, 7,200 
semiconductor diodes and 1,500 relays, weighed nearly 
30 tons and consumed 150 kW of power. It could carry 
out 5,000 simple additions or 385 multiplications per 
second – a speed improvement of about a thousand 
times on the existing mechanical methods.
Plug-boards were used for setting up a problem. The 
ENIAC could be programmed to perform complex 
sequences of operations, which could include loops, 
branches and subroutines, but the task of taking 
a problem and mapping it on to the machine was 
complex and usually took weeks. Although primarily 
designed to compute ballistics tables for artillery, 
ENIAC could be applied to a wide range of practical 
computational tasks. It was not, however, a universal 
stored-program machine that we would now recognise  
as truly general purpose.

(in about 1948) used ENIAC for calculations associated with the devel-
opment of the hydrogen bomb.

Even before ENIAC itself had been completed the team working on 
it was producing ideas for a successor computer, to be called EDVAC, 
the Electronic Discrete Variable Automatic Computer. The team’s ideas 
addressed a challenge: how to make ENIAC more general purpose, so 
that its benefits could be more easily applied to a much wider range of 
computational tasks. The ideas were written up by John von Neumann 
in June 1945 in a 101-page document entitled First draft of a report on 
the EDVAC. By 1946 copies of this report were being distributed widely 
and were read with interest on both sides of the Atlantic. A project to 
build EDVAC was launched in 1946, but due to organisational prob-
lems the machine did not become operational until 1951.

Most importantly, however, the EDVAC Report of 1945 contained the 
first widely available account of what we would now recognise as a gen-
eral-purpose stored-program electronic digital computer. EDVAC has 
become formally known as a ‘stored-program’ computer because a sin-
gle memory was used to store both the program instructions and the 
numbers on which the program operated. The stored-program concept 
is the basis of almost all computers today. Machines that conform to the 
EDVAC pattern are also sometimes called ‘von Neumann’ computers, 
to acknowledge the influence of the report’s author.

The June 1945 EDVAC document was in fact a paper study, more 
or less complete in principle but lacking engineering detail. Once hos-
tilities in the Pacific had ceased there was an understandable desire  
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to consolidate the Moore School’s wartime ideas and to  
explain the details to a wider American audience. 
Accordingly, the US government funded an eight-week 
course of lectures in July–August 1946 on the ‘Theory 
and Techniques for Design of Electronic Digital Com-
puters’. Twenty-eight scientists and engineers were 
invited to attend. Amongst these were just three Eng-
lishmen: David Rees, Maurice Wilkes and Douglas 
Hartree. David Rees had worked at Bletchley Park and 
then, when the war ended, had joined the Mathematics 
Department at Manchester University. Maurice Wilkes 
had worked at TRE during the war and had returned to 
Cambridge University to resume his leading role at the 
Mathematical Laboratory (later to become the Computer 
Laboratory). Douglas Hartree, at that time Professor of 
Physics at Manchester University but soon to move to 
Cambridge, was invited to give a lecture on ‘Solution of 
problems in applied mathematics’.

The EDVAC Report and the Moore School lectures 
were the inspiration for several groups worldwide to 
consider designing their own general-purpose electronic 
computers. Certainly Maurice Wilkes’s pioneering com-
puter design activity at Cambridge University, described 
in Chapter 3, grew out of the Moore School ideas. The 
Moore School’s activities were also of considerable 
interest to Rees’s Head of Department at Manchester  
University, Professor Max Newman, who had been 
at Bletchley Park during the war. What happened at  
Manchester after 1946 is explained in Chapter 4.

Although the ideas promoted by the Moore School 
were of equal interest to Alan Turing, they were to  
produce a different kind of effect upon his thinking.

THE UNIVERSAL TURING MACHINE

Alan Turing was a most remarkable man. A great  
original, quite unmoved by authority, convention or 
bureaucracy, he turned his fertile mind to many sub-
jects during his tragically short life. Though classed 
in the Scientific Hall of Fame as a mathematician 
and logician, he explored areas as diverse as artificial  
intelligence (AI) and morphogenesis (the growth and 
form of living things).

Professor Max Newman (1897–
1984) was a Cambridge 
mathematician who joined 
Bletchley Park in 1942 to work on 
cryptanalysis. He specified the 
logical design of the Colossus 
code-cracking machine. In 1945 
Newman moved to Manchester 
University, where he encouraged 
the start of a computer design 
project and promoted its use for 
investigating logical problems in 
mathematics.

5
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Alan Turing This photograph shows Alan Turing in 1946, the year 
in which he was appointed OBE (Order of the British Empire) for his 
wartime code-breaking efforts at Bletchley Park. By 1946 he was working 
at the National Physical Laboratory (NPL) on the design of the ACE 
computer. Turing’s involvement with computers is explained in more 
detail in Chapter 2 and Appendix B. Here is a summary of his brief but 
extraordinary life.
1912 Born at Paddington, London, on 23 June
1926–31 Sherborne School, Dorset
1931–4 Mathematics undergraduate at King’s College, Cambridge 

University
1934–5 Research student studying quantum mechanics, probability and 

logic
1935 Elected Fellow of King’s College, Cambridge
1936–7 Publishes seminal paper ‘On Computable Numbers’, with the 

idea of the Universal Turing Machine
1936–8 Princeton University – PhD in logic, algebra and number theory, 

supervised by Alonzo Church
1938–9 Returns to Cambridge; then joins Bletchley Park in September 

1939
1939–40 Specifies the Bombe, a machine for Enigma decryption
1939–42 Makes key contributions to the breaking of U-boat Enigma 

messages
1943–5 A principal cryptanalysis consultant; electronic work at Hanslope 

Park on speech encryption
1945 Joins National Physical Laboratory, London; works on the ACE 

computer design
1946 Appointed OBE for war services
1948 Joins Manchester University in October; works on early 

programming systems
1950 Suggests the Turing Test for machine intelligence
1951 Elected Fellow of the Royal Society; works on the non-linear theory 

of biological growth (morphogenesis)
1953–4 Unfinished work in biology and physics
1954 Death (suicide) by cyanide poisoning on 7 June

Why was the young Alan Turing, just back from completing a doctorate 
in America, one of the first mathematicians to be recruited to help with 
code-cracking at Bletchley Park in 1939? The answer probably lies in 
a theoretical paper that he had written back in 1935–6, whilst a post-
graduate at King’s College, Cambridge.

Turing’s paper was called ‘On Computable Numbers, with an appli-
cation to the Entscheidungsproblem’. In plain English, it was Turing’s 
attempt to tackle one of the important philosophical and logical prob-
lems of the time: Is mathematics decidable? This question had been 
posed by scholars who were interested in finding out what could, and 
what could not, be proved by a given mathematical theory. In order to 
reason about this so-called Entscheidungsproblem, Turing had the idea 
of using a conceptual automatic calculating device. The ‘device’ was a 
step-by-step process – more a thought-experiment, really – that manip-
ulated symbols according to a small list of very basic instructions.  
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The working storage and the input–output medium for the process was 
imagined to be an infinitely long paper tape that could be moved back-
wards and forwards past a sensing device.

It is now tempting to see Turing’s mechanical process as a simple 
description of a modern computer. Whilst that is partly true, Turing’s 
Universal Machine was much more than this: it was a logical tool for 
proving the decidability, or undecidability, of mathematical problems. 
As such, Turing’s Universal Machine continues to be used as a concep-
tual reference by theoretical computer scientists to this day. Certainly 
it embodies the idea of a stored program, making it clear that instruc-
tions are just a type of data and can be stored and manipulated in the 
same way. (If all this seems confusing, don’t worry! It is not crucial to 
an understanding of the rest of this book.)

In the light of his theoretical work and his interest in ciphers, Alan 
Turing was sent to Bletchley Park on 4 September 1939. He was imme-
diately put to work cracking the German Naval Enigma codes. He 
succeeded. It has been said that as Bletchley Park grew in size and 
importance Turing’s great contribution was to encourage the other 
code-breakers in the teams to think in terms of probabilities and the 
quantification of weight of evidence. Because of this and other insights, 
Turing quickly became the person to whom all the other Bletchley Park 
mathematicians turned when they encountered a particularly tricky 
decryption problem.

On the strength of his earlier theoretical work Alan Turing was 
recruited by the National Physical Laboratory (NPL) at Teddington in 
October 1945, as described in Chapter 2. Senior staff at NPL had heard 
about ENIAC and EDVAC and wished to build a general-purpose digi-
tal computer of their own. Turing, they felt, was the man for the job. 
It is very likely that at NPL Turing saw an opportunity to devise a 
physical embodiment of the theoretical principles first described in his 
‘On Computable Numbers’ paper. Although he was well aware of the 
developments at the Moore School and knew John von Neumann per-
sonally, Turing was not usually inclined to follow anyone else’s plans. 
Within three months he had sketched out the complete design for his 
own general-purpose stored-program computer – which, however, did 
adopt the notation and terminology used in the EDVAC Report. For rea-
sons described in Chapter 2, Turing’s paper design for what was called 
ACE, the Automatic Computing Engine, remained a paper design for 
some years.
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Alan Turing and his contemporaries

PRACTICAL PROBLEMS, 1945–7

To some extent the problems that beset Turing at NPL also dogged other 
pioneering computer design groups in the immediate post-war years. The 
main problem was computer storage. Central to the idea of a universal 
automatic computer was the assumption that a suitable storage system 
or ‘memory’ could be built. The EDVAC Report was very clear about this, 
stating that the implementation of a general-purpose computer depended 
‘most critically’ on the engineers being able to devise a suitable store.

Many ideas for storage were tried by the engineers of the time; 
few proved reliable and cost-effective. The trials and tribulations of  
the principal early British computer design groups are recounted in 
Chapters 2 to 6. These groups were in the end successful, and indeed 
in a couple of cases they outpaced the contemporary American groups  
in building working computers. It is tempting to believe that progress 
was helped by a continuation of the spirit of inventiveness that the 
designers had experienced during their wartime service in government 
research establishments.

All of the designers of early computers were entering unknown ter-
ritory. They were struggling to build practical devices based on a novel 
abstract principle – a universal computing machine. It is no wonder 
that different groups came up with machines of different shapes and 
sizes, having different architectures and instruction sets and often 
being rather less than user-friendly.

THE RICH TAPESTRY OF PROJECTS, 1948–54

To set the scene for the rest of this book, the diagram opposite gives 
a picture of the many British computer projects that bridged the gap 
between wartime know-how and the marketplace. At the top of the dia-
gram we can imagine the people and ideas flowing out of government 
secret establishments in 1945. At the bottom are the practical produc-
tion computers that were available commercially in the UK by 1955. 
In between the arrows show how ideas and technologies fed through 
universities and research centres into industry and then out into the 
marketplace. The left-hand box shows that, at the same time, there 
were a number of classified government projects that remained secret. 
Surprisingly, Alan Turing’s own attempt at practical computer design 
at NPL, the Pilot ACE, did not bear fruit until 1950.

Of course, Britain was not the only country actively working on high-
speed electronic digital computers in the late 1940s. There were at 
least a dozen pioneering projects in America. Amongst the earliest of  
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The ideas men

Wartime know-how developed at UK and US radar,
communications and cryptanalysis research establishments

(including the Moore School, University of Pennsylvania)

1945

People People

UK universities and research
centres.

UK Industry

Elliott

Ferranti
Manchester

Cambridge

NPL

1950

Lyons

DefenceModified
Colossus

SSEM

Mark I EDSAC

Birkbeck

English
Electric

Other rapid
analytical
machines

TREAC

Nicholas

401

Mark I

Mark I*

LEO

APE(R)C

OEDIPUS
MOSAIC

Elliott 153

Etc. etc.

BTM

1200

1955

402 DEUCE

The computer market-place  

UK government
projects at

GCHQ, TRE, etc.

Code
breaking

Elliott 403

Pilot ACE
Elliott 152

British computer projects The flow of ideas and the marketplace as commercially available British 
techniques that came from government wartime computers is shown here. The projects mentioned in 
research via pioneering prototype projects and into the diagram are described in detail in Chapters 2 to 6.

these to become operational were machines called SEAC (May 1950), 
SWAC (August 1950), ERA 1101 (December 1950), UNIVAC (March 
1951), WHIRLWIND (March 1951), IAS (summer 1951) and EDVAC 
(late 1951). In Germany Konrad Zuse designed a series of ingenious 
electromechanical computers between 1938 and 1945, but these were 
sequence-controlled and not stored-program machines. In Austra-
lia the CSIRAC electronic stored-program computer first worked in  
November 1949. Its designer, Trevor Pearcey, had graduated in Physics 
from Imperial College, London University in 1940 and spent the rest of 
the war working on radar at the Air Defence Experimental Establish-
ment (ADEE). He moved to Australia in late 1945.

In the next chapter we continue the story of Alan Turing’s progres-
sion from Bletchley Park to NPL and from thence to Manchester. This 
represents but one strand of post-war British computing activity. Many 
other people, as we have already seen, began to be involved in the late 
1940s at various places and at various times. It is an intriguing tale.
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Secret wartime projects in code-breaking, radar and 
ballistics produced a wealth of ideas and technologies 
that kick-started the development of digital computers.  
By 1955 computers produced by companies such as 
Ferranti, English Electric, Elliott Brothers and the British 
Tabulating Machine Co. had begun to appear in the 
market-place. The Information Age was dawning and 
Alan Turing and his contemporaries held centre stage. 
Their influence is still discernible deep down within 
today’s hardware and software. This is a tribute not only 
to stars such as Tom Kilburn, Alan Turing and Maurice 
Wilkes but to the many other scientists and engineers 
who made significant contributions to early computing 
during the period 1945 – 1955.

•	Fascinating	story	told	by	top	historians
•	Tales	of	electronic	wizardry	and	notable	British	firsts
•	Marks	the	centenary	of	Alan	Turing’s	birth	
•	How	Alan	Turing	turned	his	fertile	mind	to	many	
subjects	during	his	tragically	short	life	
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There can be no doubt 
that Alan Turing was a 
brilliant man who changed 
the course of history in 
countless ways, but there 
were many other brilliant 
minds involved in bringing 
computer science to life 
and ultimately into our 
homes. This fascinating 
book reminds us of the 
importance of their 
contribution. A fitting 
tribute to those who gave 
the world so much.
Kate Russell, technology reporter 
for BBC Click

Fantastic! This is an 
excellent romp through 
Britain’s early computer 
history, placing Alan 
Turing’s work in a broader 
context and introducing 
the reader to some of the 
significant machines and 
personalities that created 
our digital world.
Dr Tilly Blyth, Curator of Computing 
and Information, Science Museum
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