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Inauguration of the TNMOC club  

T 
he National Museum of 
Computingôs (TNMOC) new 
club for computer enthusiasts 

and supporters held its inaugural 
Membersô Open Day and Annual 
General Meeting on Saturday 28th 
March 2015. New club members had 
an opportunity to meet other 
members of the TNMOC Club 
committee and also Museum staff, 
followed by an in-depth talk on the 
EDSAC project progress. 

Anyone with an interest in computing 
history can join the new club at 
TNMOC to develop their passion 
and support the ongoing 
development of one of the great 
computing museums of the world. 

John Linford, who was elected 
chairman of the TNMOC club at the 
meeting, said: ñThe TNMOC Club 
aims to support the important work 
of the museum and provide an 
engaging programme for people of 
all ages who are interested in 
computer history. The club will 
arrange technical and social events 
for members as well as offering on-
line facilities, which are essential as 
we have members all over the world. 

Margaret Sale (pictured above 
addressing the meeting), has agreed 
to become the Clubôs first president 
providing a link from the past to the 
present. She has an extraordinary 

computer heritage background as a 
TNMOC trustee, founder member 
of the Save Bletchley Park 
Campaign of the 1990s and wife of 
the late Tony Sale who led the 
Colossus Rebuild team. 

John added ñWe are delighted that 
Margaret Sale has agreed to 
become our first President. 
Margaret has been involved with 
the Museum since its inception. 
Her knowledge of the early days of 
computing and enthusiasm are 
infectious.ò 

Margaret said: ñItôs a great honour 
to be asked to be the first President 
of the TNMOC Club. I plan to be 
very active in its support as I fully 
understand just how important the 
role of committed supporters has 
and will be in helping the Museum 
to continue to grow.ò 

Tim Reynolds, Chairman of 
TNMOC, said: ñThe Trustees really 
appreciate this initiative and are 
happy to support this Club. Itôs 
been a revelation to watch the 
growing interest in computing 
heritage while I have been 
associated with the Museum and I 
have no doubt that this community 
initiative will be a very important 
facet of our fast-developing 
Museum.ò 

The members were then treated to 
an update on the EDSAC project by 
Dr Nigel Benn®e which included, the 
challenges in recreating the 
technology and future educational 
plans for the computer. Anyone 
interested in having a go at 
programming the EDSAC can try 
their hand on the EDSAC simulator 
hosted at the University of Warwick: 
http://www.dcs.warwick.ac.uk/
~edsac/ 

As an additional anecdote, Dr 
Benn®e mentioned that part of the 
EDSAC reconstruction was used in 
the award-winning film The Imitation 
Game starring Benedict 
Cumberbatch as Alan Turing. The 
EDSAC frame was painted yellow 
and was used by the film makers to 
represent one of the post-war 
computers Turing was working on 
and they wanted something that 
looked like the computer technology 
of the time to act as a film prop. 

Dr Benn®e is pictured below with 
one of the EDSAC racks shown at 
the membersô meeting. 

Member benefits include a season 
ticket to the Museum, a regular 
newsletter InSync, a Yahoo Group to 
contact other members, shop, 
lecture and room booking discounts. 

All existing TNMOC members will 
automatically become members of 
the new club which is a separate 
entity to the TNMOC Volunteersô 
Association. 

If you would like to join or find out 
more about the Club, please go to 
http://www.tnmoc.org/support/
become-member or email 
membership@tnmoc.org 

http://www.dcs.warwick.ac.uk/~edsac/
http://www.dcs.warwick.ac.uk/~edsac/
http://www.tnmoc.org/support/become-member
http://www.tnmoc.org/support/become-member
mailto:membership@tnmoc.org
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T 
hinking of becoming a 
volunteer? Our volunteer 
community comes from far and 

wide. They bring their talent, ideas 
and enthusiasm to a vibrant 
community. The Museum is growing. 
We have new challenges and new 
opportunities to offer. Everyone is 
welcome to apply (although a 
minimum age applies). 

Right now we are seeking 

Stewards and Guides. 

Stewards 
No previous experience or 
computing knowledge is necessary 
to become a Steward. An interest in 
some aspects of computing would 
obviously be helpful together with a 
willingness to learn, an outgoing 
personality and the ability to engage 
with the growing number of visitors 
who come to see one of the world's 
top computing museums. 

Our visitors come from all over the 
world and some could use your help 
to find their way around our 
Museum. You can be the one 
answering their questions, offering 
directions and helping them have a 
great time. All you have to bring is 
your friendly, helpful self, a 
willingness to learn about our 
displays and to be able to commit to 
certain dates and times. 

Guides 
TNMOC provides regular tours to 
groups of all kinds. If you want a 

chance to bring the story of 
computing to the public, there's no 
better way than taking visitor 
groups on a tour of our Museum. 
You'll need to be able to tell a 
ripping yarn, operate whizzy bits of 
kit and engage with your audience. 
All we ask is for a regular, 
scheduled commitment. 

New displays 
Do you have a flair for presentation 
and design? Maybe you have 
passion for a subject and you think 
you can tell a story from computing 
past or present. How about helping 
us talk about supercomputing, 
analogue and pre-computing 
devices or new technologies? 

Collection Coordination 
Do you have a passion for a 
particular area of computing? 
Perhaps you really want to work 
with Data General computers, or 
perhaps you fancy Orics? To 
handle our large collection we 
assign coordinators to different sub
-collections. We need people with 
your passion and knowledge to 
help catalogue conserve, maintain, 
handle, store and display objects. 

Restorations 
TNMOC is special. We preserve 
the experience of computing as 
much as artefacts. Every day we 
have people working on restoration 
and maintenance projects. If you're 
an electronics wiz or just eager to 
learn, we have projects needing 

your help. 

Fundraising 
Like all charities, TNMOC needs to 
make its case for public support. 
You could help us ensure the 
Museum's future. We need people 
who can speak for us, write for us 
and help keep in contact with our 
supporters. Whether you're ready to 
stuff envelopes or have a Rolodex 
full of potential donors, we'd love to 
talk to you. 

Researchers 
Do you enjoy research?  Still 
reading books made of real trees? 
Perhaps you would like to help us 
out in the library and research room. 
We have a variety of roles that you 
could work on from simple 
librarianship to providing research 
services. Come get lost in TNMOC's 
L-Space! 

Archivists 
The Museum has extensive 
archives, but we need your help 
making them more accessible for 
the public. Our archivists are 
cataloguing, scanning, storing and 
handling material including 
correspondence, manuals, papers 
and storage media. We are building 
what will be a world class capability 
for researchers everywhere. This is 
a unique chance to handle and care 
for primary source material about 
the computing revolution. 

Find out about Sheridan Williamôs 
experience of being a volunteer, by 
visiting: http://www.tnmoc.org/news/
notes-museum/volunteer-tnmoc 

If any of these opportunities sound 
intriguing to you, we would love to 
hear from you. Send us an email - 
volunteering@tnmoc.org. 

Alternatively, download and 
complete the Volunteer Application 
Form: 

MS Word format: http://
www.tnmoc.org/sites/default/files/
TNMOCVAF.doc 

PDF format: http://www.tnmoc.org/
sites/default/files/
TNMOCVAFpdf.pdf 

Be a part of TNMOC  

http://www.tnmoc.org/news/notes-museum/volunteer-tnmoc
http://www.tnmoc.org/news/notes-museum/volunteer-tnmoc
mailto:volunteering@tnmoc.org
http://www.tnmoc.org/sites/default/files/TNMOCVAF.doc
http://www.tnmoc.org/sites/default/files/TNMOCVAF.doc
http://www.tnmoc.org/sites/default/files/TNMOCVAF.doc
http://www.tnmoc.org/sites/default/files/TNMOCVAFpdf.pdf
http://www.tnmoc.org/sites/default/files/TNMOCVAFpdf.pdf
http://www.tnmoc.org/sites/default/files/TNMOCVAFpdf.pdf
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News desk  

O 
n 17th April 2015, aspiring 
young cyber security 
professionals competed in 

the 2015 final of the CyberCenturion 
competition at TNMOC in Block H, 
home of Colossus, where the most 
secret enemy messages of World 
War II were routinely deciphered, 

CyberCenturion is a UK national 
competition run by Cyber Security 
Challenge UK and Northrop 
Grumman, that aims to inspire 
students to take up careers in cyber 
security by giving them the 
opportunity to experience the 
scenarios and challenges faced 
daily by existing professionals in the 
field. 

Teams of four to six young people 
aged 12-18, representing schools 
and clubs, competed in the event. 
Tough preliminary rounds of the 
competition required them to 
download a virtual computer full of 
vulnerabilities that could present 
opportunities for a cyber-criminal 
and then to patch the systems to 
keep them running securely. The 
final, saw a special challenge 
revealed on the day to a total of 40 
students working in teams. Some 
competitors had arrived from as far 

schools programme for secondary 
schools and the main Challenge 
competition programme. It is 
modelled on the US CyberPatriot 
programme organised by the (US) 
Air Force Association, in partnership 
with Northrop Grumman Foundation. 

ñPromoting education in STEM is a 
core focus for Northrop Grumman 
and CyberCenturion. It has enabled 
young people interested in the world 
of cyber security to get their first real 
experience of the scenarios and 
challenges that existing 
professionals have to grapple with 
on a daily basis. This competition 
has provided a fantastic opportunity 
for us to demonstrate how we can 
apply our industry-leading 
knowledge and experience in cyber 
to help address the skills gap and 
build the UK talent pool in cyber 
security,ò said Andrew Tyler, chief 
executive Europe, Northrop 
Grumman. ñWe offer our 
congratulations to the winners from 
KEGS and look forward to 
continuing our partnership with 
Cyber Security Challenge UK to 
make CyberCenturion as successful 
in the UK as CyberPatriot has been 
in the US in cultivating the cyber 
professionals of the future.ò 

ñPartnering with Northrop Grumman 
provides an opportunity to draw on 
the companyôs invaluable expertise 
and experience in delivering cyber 
skills education across the US,ò said 
Stephanie Daman, CEO at Cyber 
Security Challenge UK. ñPeople 
begin thinking about their future 
careers at an increasingly young 
age and it is vital that we find ways 
to get children interested in STEM 
early on, in order to curb the skills 
gap we are experiencing now.ò 

Tim Reynolds, Chairman of 
TNMOC, said: ñThere was a great 
buzz of enthusiasm and endeavour 
as the competitors faced the 
challenges of cybersecurity today in 
Block H where their 1940ôs 
predecessors broke the most 
complex encryption of the Second 
World War using the worldôs first 
electronic computer. On Friday 
competitors were forbidden to use 

and wide as Essex, Chester and 
even Gibraltar. 

Eight teams competed in the final, 
each taking on the role of cyber-
experts at a fictional video games 
company under attack by rival 
businesses trying to steal valuable 
industry information. Their task was 
to protect sensitive customer data 
and valuable intellectual property 
against theft by malicious hackers. 
Contestants battled it out under the 
watchful eyes of world-leading 
cyber experts from CyberPatriot, 
Northrop Grumman, Fujitsu, 
TNMOC and the National 
Commissioner for the US Air Force 
Associationôs Cyber Patriot 
programme. 

The winning team was from the 
KEGS Young Engineering Club at 
King Edward VI Grammar School in 
Chelmsford (pictured at the end of 
this article). 

The competition has been so 
successful that sponsor Northrop 
Grumman Corporation has 
announced it will continue to seek 
out the UKôs best young cyber 
talent by running the 
CyberCenturion competition for a 
second year in 2016. Registration 
for 2016 is now open and team 
leaders can register their interest 
here. 

CyberCenturion sits between the 
existing Cyber Security Challenge 

http://cybersecuritychallenge.org.uk/competitors/cybercenturion/
http://www.northropgrumman.com/Pages/default.aspx
http://www.northropgrumman.com/Pages/default.aspx
https://cybersecuritychallenge.org.uk/cybercenturion-registration/
https://cybersecuritychallenge.org.uk/cybercenturion-registration/
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their pocket-sized smartphones 
during the competition, but many 
told us they were overawed by the 
room-sized Colossus Rebuild as it 
whirred into action on their Museum 
tour. Who could have imagined 
seven decades ago that Block H, 
which then housed six Colossus 
computers, would in 2015 be the 
venue for a competition about 
something called cyber security? 
The Colossus computers were an 
incredibly innovative way of helping 
to secure the nation in the 1940s. 
Today our safety depends so much 
on computer security specialists. We 
are privileged to host such an 
important competition which 
complements our Museumôs aim to 
inspire future generations of 
computer scientists and engineers.ò 

CyberCenturion is the UK version of 
the proven CyberPatriot competition, 
part of a major U.S. national youth 
cyber STEM education programme 
presented by the Northrop 
Grumman Foundation and created 
by the Air Force Association. It is 
part of the companyôs commitment 
to promoting science, technology, 
engineering and mathematics 
(STEM) education. The CyberPatriot 
competition has already engaged 
more than 250,000 children, 
educating them on the opportunities 
in cyber security across the US. 
Eighty percent of those who have 
taken part in CyberPatriot now plan 
to pursue a higher education course 
in a STEM subject. 

The Cyber Security Challenge UK 
with the backing of founding 
sponsors like the SANS Institute, 
started out in 2010 to create a series 
of virtual and face-to-face 
competitions that would identify 
talented people for the cyber 
security industry. Now entering its 
6th year, the Challenge is backed by 
over 50 of the UKôs most prestigious 
public, private and academic 
organisations. It hosts a wide 
programme of activities designed to 
spread the word about why cyber 
security is such a fulfilling and varied 
career and help talented people get 
their first cyber security jobs. 

TNMOC has also hosted the Milton 
Keynes tournament of the Secret 
Rotary Club Challenge in March 
that brought 60 students from 
schools across Milton Keynes 
together to demonstrate their 
creativity and ingenuity The 
challenge was part of a UK network 
of Rotary Technology 
Tournaments. 

Working in teams of four, the 
students were set a secret 
challenge. They were provided with 
a set of tools and asked to design 
and implement a solution to a 
challenge revealed to them on the 
day. A team of judges selected the 
winners in three age categories. 
The students needed good 

communication abilities, team skills 
and organisation. They had to show 
the development of their solution in a 
design portfolio and produce a 
working model to a real-world 
problem ï all in the course of one 
day. 

The winning teams of boys and girls 
in the three age categories 
represented were: 

¶ Basic Level Challenge 
Ousedale School 

¶ Intermediate Challenge The 

Hazeley Academy 

¶ Advanced Challenge St Paulôs 

Catholic School 

Upper photo: Winners of the MK Rotary Club Challenge 

Lower photo: Winners of the CyberCenturion Challenge 

http://www.rotary1260.org.uk/for-rotarians/district-service/youth-service/technology-tourament/1315-rotarytechnology-tournament-receives-national-recognition
http://www.rotary1260.org.uk/for-rotarians/district-service/youth-service/technology-tourament/1315-rotarytechnology-tournament-receives-national-recognition
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New NATS Gallery Opens 

A 
n air traffic control gallery 
has opened at TNMOC 
featuring interactive exhibits 

highlighting the past, present and 
future of air traffic control. 

Sponsored by NATS, the UKôs 
leading air traffic management 
company, the setting of the gallery 
has particular historic resonance 
because Bletchley Park, where the 
Museum is located, was previously 
home to the companyôs engineering 
training college. 

The new gallery offers insights into 
the behind-the-scenes world that 
supports everyday air travel. It 
highlights the pervasiveness of 
computing in the modern world and 
how much progress has been made 
in a few decades. It will have a 
particular role in TNMOCôs Learning 
Programme by giving a glimpse of 
the variety of opportunities that 
careers in computer science and 
engineering can offer. 

The centre-piece of the gallery is a 
high-fidelity Air Traffic Control 
Simulator that gives visitors a real 
sense of what it is like to be an air 
traffic controller at a NATS control 
centre or major airport today. In 
replay mode, visitors can observe 
aircraft movements on a panoramic 
three-screen virtual airport or a 
Control Centre radar display and 
listen to radio transmissions 
between the controllers and pilots. In 
interactive mode, visitors can take 
up position at the simulators and 
experience, hands-on, being a 
controller while a member of the 
Museum team acts as a pilot, flying 

the simulated aircraft in response to 
commands from the visitors. 

The gallery also features an historic 
green-screen, circular IRIS radar 
display (an investigative radar 
recording system) with working 
1970ôs PDP-11 hardware that has 
been restored to working order by 
TNMOC volunteers. This eye-
catching console and screen 
operated behind closed doors at 
NATS Control Centre in West 
Drayton for 25 years until it was 
decommissioned in 2008. 

Also featured in the exhibition is a 
representation of NATS history 
interspersed with video footage, as 
well as artefacts such as the first 
National Airspace System (NAS) 
logbook and the final flight strip for 
Concorde. 

Gary Gibson, Engineering General 
Manager NATS, said: ñNATS has 
historic ties with Bletchley and so 
we were delighted to continue our 
association with this new exhibition. 
The NATS Engineering Training 
section was at Bletchley Park from 
1947 to 1993 and I personally 
worked at the Park from 1983 to 
1993. The NATS gallery is an ideal 
addition to TNMOCôs displays. Air 
traffic control is a fascinating 
subject and one which weôre sure 

the public will enjoy learning about 
and interacting with. In keeping 
with the training link, the new 
gallery was designed, built and 
installed by the current NATS 
Apprentices and Graduates as part 
of their development programme ï 
theyôve done a fantastic job.ò 

Tim Reynolds, Chairman of 
TNMOC, said: ñThis new gallery 
shows a specific computing 
application area and how far it has 
developed in such a short time. The 
behind-the-scenes look and hands-
on opportunities will certainly appeal 
to visitors and will advance our aims 
in inspiring and enthusing the next 
generation of engineers and 
computer scientists.ò 

NATS is a leading air navigation 
services specialist, handling 2.3 
million flights in 2014/15, covering 
the UK and eastern North Atlantic. 
NATS provides air traffic control 
from centres at Swanwick, 
Hampshire and Prestwick, Ayrshire. 
NATS also provides air traffic control 
services at 14 UK airports including 
Heathrow, Gatwick, Stansted, 
Manchester, Edinburgh and 
Glasgow; at Gibraltar Airport and, in 
a joint venture with Ferrovial, at a 
number of airport towers in Spain. 

There is more information on the 
NATS website at www.nats.aero 

Pictures. Top: the Air Traffic Control 
Simulator and gallery. Centre: a still 
from the video of one dayôs flight 
paths arriving from North America 

at 7am 

http://www.nats.aero/
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tasked with the design of a Schmitt 
trigger or the logic networks of an 
ALU. 

I suggest that there is no shortage 
of either fundamental theory level 
training, nor end-product 
application experience. Where the 
gap can be found is in the 
intermediate complexity area that 
links the two and which is vitally 
necessary for a genuine 
understanding of the eventual, 
target design. 

It may be argued that, in an era of 
highly integrated digital (or 
analogue) chips, there really is no 
reason to study old fashioned 
ódiscrete componentô design 
methods anymore, but in my 
experience you cannot understand 
the behaviour of more complex 
systems without familiarity with the 
simpler sub-systems from which 
they are made up. 

For example, when a multi-stage 
RF power amplifier starts 
misbehaving on the bench neither 
textbook single stage parameter 
analysis, nor familiarity with any 
number of IC data sheets will help. 
It is necessary to understand how 
the basic circuit is configured and 
what it will do and how the various 
parts of it inter-relate and interact. 
The only way to gain that 
experience is to have designed and 
built such circuitry up from the 
individual parts and tested it. 

The Middle: the place that fails to join the ends  

Additionally, there are still many 
instances where the cunning use of 
a hand-full of discrete components 
will do the work of a expensive (and, 
in these days of long lead-times and 
frequent product withdrawals, often 
hard-to-source) integrated circuits or 
where the discrete component 
approach out performs on-chip 
equivalents (frequently the case in 
high performance RF designs, but 
also seen in high-end audio circuits). 

I am not arguing for a Luddite 
rejection of our current state of the 
art and neither am I favouring 
nostalgia over rational modern 
design decisions, but when we use 
these complex, integrated solutions 
we also must not lose track of what 
they are made up of. 

It is not difficult to research the 
discrete circuitry methods of the past 
few decades (the internet is a 
fabulous resource for this, as are 
public libraries with their inevitably 
slightly out of date engineering 
sections) and hang together a few 
dozen parts into something that is 
both functional and understandable. 
Construct a bench power supply, an 
AM radio or even something as 
trivial as a doorbell. It fills in the gap 
between the theory taught at school 
and university and the often 
abstracted nature of our current 
state of the art. 

Itôs fun too. 

TNMOC volunteer, Tony Frazer, 
makes a plea for us to get back to 
basics. Tony helps to keep the 
Harwell Dekatron aka óWITCHô 
computer working. It can be seen in 
operation most days at the Museum 
with the spinning orange glow of the 
dekatrons as it runs a program 
making for a mesmerising display. 

A 
n awful lot gets spoken (or 
rather, preached) about 
technical education and its 

many failings. Depressingly few of 
these sermons fail to spend much of 
their word count talking about óthe 
basicsô and the supposed absence 
of tuition (or ability) in them. Usually, 
this nebulous categorisation of 
knowledge stretches from basic 
English and mathematics to 
fundamental engineering principles 
such as Ohms law, basic Newtonian 
mechanics or Boolean algebra. 
Occasionally the critic will wax 
lyrically about the value of higher 
mathematics, calculus or Eigen 
vectors. 

I cannot agree. In a couple of 
decades in the RF industry it is not a 
lack of basic knowledge that I have 
seen inconveniencing either 
interviewees or customers (all that I 
have encountered are literate and 
numerate and possessed of an 
appropriate level of engineering 
education). It is an absence of 
information and experience in the 
ómiddleô. 

To explain: I know many software 
engineers with highly advanced 
programming skills in abstracted 
languages (such as Java or Python) 
who are unaware of the basic 
machine architecture and who would 
be lost if presented with an 
assembler or a binary core-dump. I 
have worked with óRFô engineers 
who can adroitly assemble 
integrated building blocks (or utilise 
ócomplete system on chipô products) 
but who could not design a mixer, an 
AGC amp or a Blumlein switch out of 
discrete parts. I have sold radio 
modules to hardware engineers who 
routinely assemble mixed signal 
designs using op-amps and micro-
controllers but who would be adrift if 

If you feel inspired by Tonyôs article to pickup a soldering iron, then pay a 
visit to the TNMOC shop which has several of the óTechnology will save 
usô kits on sale to help you develop or refresh your soldering skills. 
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A light-hearted statistical tribute  

plates in this country could be 
26x26x26 which is 17,576. However, 
the letters óIô and óQô are not used, to 
avoid confusion with figures. So this 
means there are potentially only 
24x24x24=13,824. But in the 
Teleprinter addition table no two 
letters in the set of three can be 
identical so that the total number of 
óeligibleô three-letter arrangements is 
24x23x22 which is 12,144. However, 
the Driving Vehicle Licensing 
Authority (DVLA) retains a further 
882

1
 combinations at the present 

time and there are a further 45 
removed for various reasons (There 
is a slight conceptual problem in this, 
ignored here.) There are also 49 
issued for use only in the Isle of 
Man; however, I have not excluded 
them as they might be seen in 
England, Wales and Scotland. So 
we end up with a total of 11,217. 

In the world of Statistics such rare 
events as this were first brought to 
light in the analysis of the number of 
men killed by the kick of a horse in 
certain Prussian army corps in the 
20 years between 1875 and 1894. 
The analysis based on what is 
known as the Poisson distribution 
applied to a great variety of 

acknowledgement of the wartime 
achievements of Bletchley Park 
and all who met him were 
privileged to do so. He was 
awarded the MBE for this 
endeavour. 

He would tell the story of when he 
was in his 80s of how, if he was 
taken on car journeys, he could 
amuse himself by observing the 
final three letters on the number 
plate of cars they passed. He could 
recall whether the addition of the 
first two letters would produce the 
third according to that Teleprinter 
addition table. So long after the war 
and at his age, that is quite a 
considerable feat! There are two 
considerations here: firstly the 
number of such letter combinations 
on car number plates, secondly the 
number that can appear in the 
Teleprinter addition table. 

The occurrence of this feature, of 
the two letters giving the third, is a 
fairly rare event as can be 
appreciated from the fact that the 
Teleprinter table contains 536 
entries for three alphabetic letters 
while the number of possible sets 
of three letters on car number 

John Gallehawk recalls and tests an 
anecdote from Testery codebreaker 
Captain Jerry Roberts MBE. 

C 
aptain Jerry Roberts MBE was 
an extraordinary person in an 
extraordinary group of people 

brought together at Bletchley Park 
during the Second World War to 
attempt to break German secret 
codes and ciphers and they 
succeeded magnificently. 

He was one of many but he 
possessed very special skills for the 
task. He was a supremely good 
linguist and came to work in what 
was known as ñThe Testeryò under 
Major Tester. The task was to break 
German Teleprinter ciphers. 

The story is told that an early if not 
the first task that new recruits were 
given was to commit the Teleprinter 
code addition Table to memory. A 
slightly simplified version of this 
table is a 26 x26 square table that 
gives the result of adding any letter 
of the alphabet to any other letter of 
the alphabet. The table is 
symmetrical about a diagonal from 
top left to bottom right, but even so it 
is no mean feat to learn 338 results 
by heart! This addition process is 
illustrated below with the results 
table on the right. 

Jerry Roberts joined Bletchley when 
he was 20 years of age, but what is 
so remarkable and the point of this 
note is that the table was so 
imprinted on his mind that he 
remembered it throughout his life. 
He died at the age of 93 in early 
2014. 

In his later retirement he was an 
indefatigable campaigner for the 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

A / G F R lf C B Q S cr N Z ltr K flg Y H D I W sp X T V P L

B G / Q T O H A F ltr L P J S Y E K C W M D V U R sp N cr

C F Q / U K A H G cr S E M L lf P O B sp J V D T X W fig ltr

D R T U / cr sp W X K lf I fig Y S Z ltr V A N B C Q G H M O

E lf O K cr / N fig Y U R C W X F B Q P J sp Z I ltr L M H T

F C H A sp N / Q B J I lf ltr Z E Y fig G U cr X R W V T O M

G B A H W fig Q / C M Z Y cr I P lf N F T ltr R X sp D U K J

H Q R G X Y B C / L ltr fig I cr O N lf A V Z sp W R U D E S

I S lf cr K U J M L / F D H G R V T Z N A P E O Y fig W Q

J cr L S lf R I Z ltr F / sp B Q U W X M E C fig N Y O P V G

K N P E I C lf Y fig D G / X W A Q B O S R ltr cr Z M L G V

L Z J M fig W ltr cr I H B X / C V R sp S O Q lf Y N E K U A

M ltr S L Y X Z I cr G Q W C / T sp R J P B N fig lf K E D F

N K Y lf S F E P O R U A V T / H G fig I D M J L ltr Z B X

O fig E P Z B Y lf N V W Q R G H / C K L X cr ltr I J S F D

P Y K O ltr Q fig N lf T X B sp R G C / E M W I Z cr S J A U

Q H C B V P G F A Z M O S J fig K E / X L U T D sp R lf I

R D W sp A J U T V N E S O P I L M X / K G F H B Q ltr fig

S I M J N sp cr ltr Z A C R Q B D X W L K / Y lf fig P O T H

T W D V B Z X R sp P fig ltr lf N M cr I U G Y / Q C A F S E

U sp V D cr I R X W E N cr Y fig J ltr Z T F cr Q / B H G L P

V X U T Q ltr W sp R O Y Z N lf L I cr D H fig C B / F A J K

W T R X G L V D U Y O M E K ltr J S sp B P A H F / C I lf

X V sp W H M Y V D fig P L K E Z S J R Q O F G A C / cr N

Y P N fig M H O K E W V G U D B F A lf ltr T S L J I cr / sp

Z L cr ltr O T M J S Q G V A F X D U I fog H E P K lf N sp /

compiled by Tony Carroll

The result of adding two letters between A and Z together

TELEPRINTER CODE
MODULO TWO ADDITION

Encode Decode But this also 
happens

A   11000 F   10110 F   10110

+ + +

C   01110 C   01110 A   11000

= = =

F   10110 A   11000 C   01110



TNMOC newsletter 
9 Q2 2015 

situations of this nature such as 
goals in football matches, floods and 
in biological and medical studies. 
Sometimes modifications are 
required to allow for the effects of 
other factors. 

It was thought to be interesting to 
investigate the association of the 
final three letters on car number 
plates with the Teleprinter addition 
table by looking at the number plates 
of cars visiting Bletchley Park. Thus, 
observations of samples of twenty 
cars at a time were made and 
recorded, either as a match or not, 
over a period of a few months. 
Twenty such samples were recorded 

giving results from 400 cars. The 
number of matches found on each 
day (sample) is shown below: 

However, when all had been 
collected it was seen that there were 
some duplicates so it was possible 
that the same car had been counted 
twice. It might have been the case 
that the cars came from different 
registration areas, but because only 
the three final (random) letters had 
been recorded and not the full 
registration, this could not be 
checked. It seemed best to discard 
those duplicate samples and obtain 
two replacement samples. 

The interest was to see whether the 
results would accord with what might 
be expected by that statistical 

observed results and the theoretical 
i.e. the Poisson was high. But for the 
ñtwo matchesò case we would 
probably have had such a percent 
figure. We cannot really conclude 
this for our experiment. However, it 
was an interesting study, prompted 
by a Jerry Robertsô anecdote. 

Edward Simpson (another Bletchley 
Park code breaker and statistician) 
was reminded by this note of a story 
about the Indian mathematician 
Ramanujan and the number 1729. I 
am sure that Jerry would have been 
equally entertained by this anecdote: 
ñThe number 1729 is known as the 
Hardy-Ramanujan number after a 
tale related by the famous British 
mathematician GH Hardy regarding 
a visit to the hospital to see 
Ramanujan. 

ñI remember once going to see him 
when he was ill at Putney. I had 
ridden in a taxi cab number 1729 
and remarked that the number 
seemed to me rather a dull one and 
that I hoped it was not an 
unfavourable omen. óNoô, he replied, 
óit is a very interesting number; it is 
the smallest number expressible as 
the sum of two cubes in two different 
waysô. 

The two different ways are: 

1729 = 1
3
 + 12

3
 =9

3
 + 10

3 

Generalisations of this idea have 
created the notion of ótaxicab 
numbersô.  

Coincidentally, the number 1729 is 
also a Carmichael number. 

1
This number is likely to vary from 
year to year but I use this figure here 
because in the context we cannot 
have a more specific figure. 

distribution. 

Since there were 17 (=7x1 + 5x2) 
recorded cases of such matches 
out of 400 results, the average is 
0.0425 or 4.25%. However, we are 
interested to see whether these 
results accord with what might be 
expected. The Teleprinter addition 
table will give 536 sets of three 
letters but we need to exclude 
Columns and Rows óIô and óQô 
which take out 44 and 42 
respectively and the Iôs and Qôs in 
the óreducedô body of the table 
remove a further 40, leaving a final 
figure of 410. The probability of 
finding one is thus 410 in 11,217 
which is 3.66%. So in a sample 
size of 20 one would expect to find 
0.73 on average. Using these 
figures, the órare eventô Poisson 
distribution would give the figures 
shown in the third column above.  

The agreement is reasonably close 
except for the case of two matches, 
but there is a statistical tool that 
enables a comparison to be made 
between óExpectedô and óObservedô 
in a situation such as this. This 
makes use of a calculated 
parameter known as Chi Square 
and there are tables that provide 
the probability of getting such a 
value as great as or greater than 
that calculated. 

In this particular exercise the value 
of Chi Square came out as 3.20 
and the probability of such a value 
or greater turns out to be 37%. In 
other words about one in three 
such trials would yield such a 
result. Had the probability been say 
95% we could have concluded that 
the agreement between the 

Matching 

cases

Number of times this 

occurred in twenty 

samples

Expectation 

for Poisson 

distribution

0 8 9.64

1 7 7.03

2 5 2.57

3 0 0.63

Teleprinter code
Indicates a marking element or a hole punched in tape.

Indicates position of a feed hole punched in the tape.

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z

- ? :
Who 

are 

you
3 % @ £ 8 Bell ( ) . , 9 0 1 4 ! 5 7 = 2 / 6 +

1

2

3

4

5

A
ll 

s
p
a

ce
 

n
o
t 

u
s
e
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Figures
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https://en.wikipedia.org/wiki/Carmichael_number
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They called them computers  

was the annoying kid looking too 
closely over his shoulder, intently 
staring at every gesture, listening 
raptly to every word. I'm sure I 
weirded him out. 

He would push the button/lights in 
the row marked address and mutter 
under his breath: "at address two-
zero-zero". I could see the octal 
0200 in the lights! I knew what he 
was saying! Egad! I understood! 

He would push the button/lights in 
the row marked Memory Buffer and 
mutter under his breath: "Store in 
two one five". The row of lights read 
150215. I saw the 0215 at the end 
and inferred that the '15' meant 
store. OH! Those numbers are 
instructions stored in the memory! 

Bit by bit, as I watched that man 
toggle in diagnostic programs and 
execute them, I picked up enough 
knowledge to formulate a working 
hypothesis about how this machine 
worked. When he left for the day, I 
leapt to the machine and toggled in 
some simple programs. And, by 
God, I got them to work! 

I cannot recall a moment in my life 
when I have felt quite so victorious 
as that moment when I first touched 
a real computer and got that real 
computer to do my bidding. I was 
going to be a programmer. At that 
moment I knew it in my bones. And 
from that moment on virtually every 
thought and every action in my 
young life was directed towards that 
goal. 

My exposure to that machine was 
short lived. A week later it was 
wheeled away and I never saw it 
again. But the course of my life had 
been set. 

Judy Allen 
I repeated that story so I could tell 
you this. 

A few months ago a man named 
Tom Polk wrote to me. His letter 
said: 

Hi, Bob, Tom Polk here. I Googled 
ECP-18 and found you. Below is a 
picture of a couple of my classmates 
in Big Spring, Texas around 1968 or 
so. You can see our school's ECP-
18 in it. I'm sorry I don't have a 
bigger picture, but you'll recognize 
this. I learned to program on this 
machine and I really enjoyed your 
comments. 

Tom and I struck up a conversation 
and from him I learned much more 
about that machine and the people 
behind it. One thing he said struck a 
special chord in me: 

If your sales tech was a small 
woman, it was probably the lady 
who wrote this. She mentions her 
40% interest in the company and 
selling it to a high profile educational 
company in Texas. 

No, the tech was male. I recall 
nothing more about him. My focus 
was on those lights and on his voice 
and on his fingers pushing those 
buttons. But I am absolutely certain 
he was male. 

Go read Judy Allen's story at the link 
Tom shared above. Read three or 
four of her short chapters, perhaps 
as far as "The Perkin's Pub Protest". 
It won't take you long. But I warn 
you, you won't want to stop; you'll 
almost certainly later return to her 
fascinating and inspiring story. 

Whoa! 
This woman was amazing! She 
wrote an awesome two-pass 
assembler, in binary machine 
language, in 1024 words, in a 
couple of months, using nothing but 
the front panel switches and a 10- 
character per second teletype with a 
paper tape reader/punch -- while 
taking care of a household, a 
husband and a gaggle of young 
kids. God Damn! I dare you to try 
that! 

This article has been reproduced by 
kind permission of Robert C Martin, 
aka, Uncle Bob. He has been a 
software professional for the last 40 
years. In 2001, he initiated the 
meeting of the group that created 
Agile Software Development from 
Extreme Programming techniques 
and served as the first chairman of 
the Agile Alliance. He is also a 
leading member of the Worldwide 
Software Craftsmanship Movement - 
Clean Code and has authored many 
books on Agile Programming, UML, 
Object-Oriented Programming and 
most recently Clean Coder. His blog 
can be found at: 

https://sites.google.com/site/
unclebobconsultingllc/ 

T 
he year was probably 1967. I 
was 15 years old and a 
Freshman in high-school. I was 

sitting in the lunch room watching a 
man roll in a machine that looked, to 
me, like the helm of the Starship 
Enterprise. 

The machine was called ECP-18. It 
was the size and shape of an office 
desk. Indeed, it was a desk. You 
could sit in front of it and it had a 
large flat writing surface. Protruding 
up from that surface was a console - 
a fascinating array of dozens and 
dozens of buttons and lights 
arranged in parallel rows. Indeed, 
the buttons were lights. I watched, 
enthralled, as the man pushed those 
buttons making them light up in a 
kaleidoscope of patterns. 

I was already a computer geek by 
this time. I had taught myself binary 
math and knew the binary 
representation of the octal digits by 
heart. I knew Boolean algebra and 
had been constructing logic circuits 
from old telephone relays in my 
basement. I had read book after 
book on computers and had an 
inkling of what a computer language, 
like Basic, was. But I had never 
touched a real computer until this 
day. 

I watched as the man toggled in the 
bootstrap loader. I didn't know it was 
the bootstrap loader at the time. He 
didn't tell me what he was doing. I 

https://lookingthroughwater.wordpress.com/2012/05/31/memoor-chapter-six-metamorphosis/
https://sites.google.com/site/unclebobconsultingllc/
https://sites.google.com/site/unclebobconsultingllc/


TNMOC newsletter 
11 Q2 2015 

The women were not allowed to 
touch the telescopes. That was 
Man's Work. But the women could 
do the drudgery of the computations. 
Computing was Women's Work. 
Indeed, they called the women: 
Computers. 

Those "computers" did fantastic 
work. It was the deeply insightful 
work of women like Annie Jump 
Cannon and Henrietta Levitt that 
allowed us to understand and 
measure nothing less than the scale 
and composition of the universe. 

Bletchley Park 
The tradition continued through the 
early part of the twentieth century 
and into the 1930s. At Bletchley 
Park, where Alan Turing and his 
team were breaking the German 
Enigma ciphers, there were perhaps 
10,000 people, two-thirds of whom 
were women. Teams of these 
women were gathered together to do 
the vital, but painstaking, work of 
listening, gathering and collating the 
German messages. They learned to 
operate and "program" the machines 
that Turing and his team had built. 

And she wasn't just a good/great/
radical programmer either. Did you 
read the part where she faced down 
the Union bullies? Did you read the 
part where she faced down the 
executive who couldn't imagine 
paying a man's salary to a woman? 
Did you read the Perkin's Pub 
Story? 

No, this was no ordinary woman. 
Judy Allen was a force to be 
reckoned with. 

But lest you think she was unique, 
lest you think she was a fluke, let me 
tell you about my early career. 

Almost 50-50 
I got my first job as a programmer in 
1970 when I was 18 years old. I was 
hired to help write a large on-line 
time-sharing union accounting 
system on a Varian 620i 
minicomputer. This was a 16 bit 
machine with 32K x 16 of Core and 
two 16 bit registers. Our team 
consisted of three teenage boys, two 
men and three women. That was a 
pretty typical ratio of men to women 
in this company. Just under half the 
programmers were women who 
were writing COBOL, BAL, PL/1 and 
minicomputer assembler. 

After that time, I watched the ratio of 
women to men in software plunge. 
By 1972 I was working for a large 
company and the ratio had already 
dropped to less than 10%. By 1977 
the ratio was virtually zero. The 
women had simply disappeared. 

Ironically, in the 1960s it was 
common for women to be 
programmers. Indeed, in the early 
'60s there could very well have been 
more female programmers than 
male programmers. And the reason 
for this was simple: To some extent 
programming was considered to be 
Women's Work. 

Women's Work 
Men were engineers. They 
conceived of machines and built 
them with their hands. They wielded 
the creative energies. The drudgery 
of tabulating and calculating was left 
to women. 

This is a tradition that goes all the 
way back to Charles Babbage and 
probably beyond. Ada Lovelace 
had been commissioned to 
translate into English the lecture 
notes written in French by an Italian 
student of Babbage. A drudgery if 
there ever was one. And yet, in so 
doing, she conceived of and 
documented the notion of 
programming Babbage's machine 
with algorithms that could deal with 
non-mathematical topics. She may 
have been the first person to 
realize that a computer manipulates 
symbols, not numbers. She may 
have been the first person to 
understand what that implies. 

In the 1880s, women were 
commonly recruited, but seldom 
paid, to do the painstaking 
measurements and calculations 
required by the male scientists of 
the day. This was especially true in 
Astronomy. Charles Pickering 
assembled a rather large squadron 
of such women (They were called: 
Pickering's Harem) to analyze the 
huge quantity of photographic 
plates being produced by the 
telescopes. 

'Pickering's Computers' standing in front of Building C at the Harvard 
College Observatory, 13t May 1913.  

https://www.google.com/culturalinstitute/exhibit/the-women-of-bletchley-park/QQZ2YSRa?hl=en&position=18%2C86
https://www.google.com/culturalinstitute/exhibit/the-women-of-bletchley-park/QQZ2YSRa?hl=en&position=18%2C86
https://en.wikipedia.org/wiki/Ada_Lovelace#First_computer_program
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what a computer really was. 

¶ Ada Lovelace had seen it. She 
had seen that Babbage's 
engine and engines like it were 
not merely calculators. Ada 
Lovelace saw that these 
machines could manipulate 
symbols. 

¶ Alan Turing certainly saw it. 
Indeed, he could be said to 
have given the notion its 

Grace Hopper 
After the second World War, this role 
for women continued. Grace 
Hopper, for example, worked in the 
Navy programming the Mark I 
computer. Later she was hired by 
EMCC to work on the software for 
the UNIVAC. In 1952 she conceived 
of and wrote the very first compiler 
and coined that term. She was the 
first Director of Automatic 
Programming at Remington Rand 
and was the visionary behind the 
development of COBOL. 

There were other women in software 
in those days. All these women did 
fantastic, ground-breaking work. And 
yet it was Women's Work. It was 
considered appropriate that Women 
should deal with the drudgery of 
programming. Men built the 
machines! 

The Revelation of Symbols 
When did it change? When did 
programming become Man's work? 
When did men invade this traditional 
role for women and drive the women 
out? 

I think there's a clue in one of Grace 
Hopper's statements. She had 
developed the very first compiler but 
she later said: 

"Nobody believed that I had a 
running compiler and nobody would 
touch it. They told me computers 
could only do arithmetic." 

Only arithmetic? They didn't 
understand, did they? They didn't 
see the implications. They didn't see 

mathematical foundation. 

¶ Grace Hopper saw it for sure. 
She implemented it by writing 
the very first compiler. 

¶ Judy Allen saw it. She wrote a 
symbolic assembler in binary. 

¶ Heinlein saw it. The Moon is a 
Harsh Mistress was as clear as 
a Clarion. 

¶ Arthur C Clarke and Stanley 

The Women of Bletchley Park 

Grace Murray Hopper at the UNIVAC keyboard, c1960 (Uploaded by Jan 
Arkesteijn) 

https://en.wikipedia.org/?title=Grace_Hopper
https://en.wikipedia.org/?title=Grace_Hopper
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At its peak of operations during WW2 there were over 6700 women 
(ócomputersô) employed in Bletchley Park controlling machines and breaking 
encrypted messages. TNMOC has an interactive gallery (photo below)
dedicated to women and their contribution to computing. 

Kubrick saw it. Boy, did they 
ever. 

¶ Gene Roddenberry saw it. And 
he popularized it in a way that 
nobody else ever had. 

¶ And I saw it, as I stared over that 
male technician's shoulder. 

These machines manipulated 
symbols. And if you can manipulate 
symbols, you can do anything! If you 
can manipulate symbols, you have 
power! 

Power. 

Power has a gender and that gender 
is Male. 

Judy? 
That's when it shifted. At least that's 
my hypothesis. In the late 1960s and 
early 1970s popular culture began to 
see computers as more than just 
calculators. On Star Trek, Captan 
Kirk could talk to the computer. In 
2001: a Space Odyssey, a computer 
was simultaneously sympathetic and 
malevolent. As a society we were 
beginning to see that computers had 
capabilities that were almost 
boundless. And it was becoming 
clear that it was the software, more 
than the hardware, from which those 
boundless possibilities arose. 

The change was in the perception of 
who had the power. And in the late 
1960s we were realizing that it was 
the programmers and not the 
hardware developers, who would 
wield the power. 

When programmers became 
powerful, programming became 
Man's Work. 

I felt that power. I knew it for what it 
was, while looking over that male 
technician's shoulder, watching him 
push those buttons. I felt that power 
and I knew that I would have that 
power. I absorbed the power from 
him as I watched and learned. 

It was a man whose shoulder I was 
looking over, wasn't it? It had to be! 
You couldn't absorb that kind of 
power from a woman, could you? It 
couldn't have been a woman, it 
couldn't have been -- Judy Allen -- 
could it? 


