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Track 1
Right, check I’ve got enough cable. Oh, do you mind if I just borrow your pen as
well?

Certainly, yeah.

Thanks, dropped mine somewhere on the train earlier. Right, so this is an interview
with Dai Edwards on February 26th, 2010. Dai, as I mentioned earlier I’d just like to
begin with some background questions really. I was wondering where were you
born?

I was born in March 1928 in a small village called Tonteg. I suppose the population
at that time was about a thousand. It’s in South Wales, it’s based on the top of a hill
called the Power Station Hill and, er, it’s really the preliminary slopes of the Garth
Mountain which lies between Tonteg and Cardiff if you like. I lived there for
seventeen and a half years till I went to university, and I was at university four years
doing my BSc and MSc and returned home really just for holidays. And after that
time I got a job at the university in fact as assistant lecturer and then only went back
to Tonteg really for occasional holidays. So I’ve never been back on a permanent
basis to Tonteg ever since.

What do you remember of it when you were growing up? Can you describe the town
for me?
It’s above the valley through which the River Taff runs and there’s an electric power
station down there, which I think was actually shut in 1972, but at the time I was there
it was really the main source of jobs in the area. And there was also a trading estate
which, when I was young, was in early days of development in the same valley and
also obviously increased the, you know, the amount of work that was available in the
area, so it started to expand as it were in my youth. It’s not really of note for anything
else accept there was an area called the Monkey Tump, known as locally and by the
children, and – but I understand that this was a twelfth century motte castle which is
apparently a huge mound of earth surrounded by a moat. I mean at the time I was
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there, there was still some water, [laughs] which we could get frog spawn and other
sort of activities, and of course it was covered in trees which we could use to climb
and so on. So it was another play area for the children really. Now whether it’s still
there, because obviously housing has proceeded at some pace and I suspect that it
might even have disappeared now, but I’ve not been back to look at it.

And you mentioned playing as a child there. What sort of entertainment did you
have?

Well, really it was a very good place to live as a child because there were plenty of
fields that you had access to. You could obviously walk, climb trees, dam streams,
cut pieces of the hedgerow to make bows and arrows. You could even cut slightly
bigger saplings to use as vaulting poles or all this sort of activity, and of course you
could light fires and even cook the odd vegetable and so on. So it was really widely
open to all children and you could move where you want to, and it was quite quiet, no
problems, a really very enjoyable area from that point of view.

Sounds like you had a very active outdoor childhood.

Er, active, in a few ways really. My dad was an obsessive gardener and beekeeper,
and really I had to do about an hour a day really involving gardening or helping him
on various things before I could go out to play with my friends. But I mean the
gardening involved anything from putting a concrete path [laughs] to, you know,
sowing vegetables or picking peas or beans. Or in the winter when you had potatoes
or carrots stored then you had to rub off any emerging growths on occasions and make
sure that they were keeping in good condition. So, yes, there was lots of activity like
that. And on the beekeeping side he used to be called out to fetch swarms and things
that occurred locally by the police. And also on occasions there were derelict hives
left in things like allotments in the area, in various villages, and these were gone
derelict because people had moved away or died or whatever and the bees were
affecting the local gardeners, so he got called in and I would help him to deliver new
hives to the area and transport the old combs and things from these old hives to the
new hives and leave them for a bit longer before transporting them back home. Well
of course this was quite a fiendish activity because the bees of course weren’t pleased
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but there was lots of honey around because you had to cut these combs often which
had grown while and fit them into new co – make them into frames and things, so you
could put them in the new hives and sort of secure them with wire or something at the
time. So there were clouds of bees around but fortunately they were really eating the
honey as well, so they got themselves fairly gorged after a bit. But it was quite a –
you know, quite an activity for a child to help him but I did enjoy it. And of course
we also had the usual problem then of extracting honey at the various times, and all I
can say is I’ve never eaten honey since [laughs]. I was saturated in honey [both
laugh].

[06:55]
What was your father’s job?

Well, he was a school teacher. He was a handicraft master, taught metalwork and
woodwork, and he actually spent most of his career in a village about eight miles from
where we lived, a village called Beddau. There was no school in Tonteg, no school,
no library, one pub [laughs].
Any shops or –?

Er, yes, there was the post office and certainly one shop and a garage, and that was
about it really.

So where did you go to school?

Well, I had to walk to school. It was about a mile away and in a place called Church
Village. And my mother originally was a primary school teacher in Church Village
but after my birth she really gave that up and concentrated on the old family life and
her interest in the chapel. She was treasurer of the local Wesleyan chapel for a time
and also, you know, involved in fundraising and in various events taking place in the
chapel. To my embarrassment, ‘cause I was very shy of public activities at that time,
she was a soloist, so she sang and she regularly sang in chapel. And so since my
father was the chapel superintendent for Sunday school as well, I was obviously fairly
© The British Library Board
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heavily involved in my early days in attending. So I was always a bit embarrassed by
her singing, I must say.

And so both your parents were very active in the chapel then.

They were, yes, yes. Not only parents, my grandfather lived next door. One of my
grandfathers on my mother’s side lived next door to the chapel and he, as part of his
activities, was a lay preacher and he also was a – conducted the choir. So when
various events took there like some sort of anniversary or other, you know, he used to
– he used to train the choir and bring them up to scratch for this purpose. So in a
sense, on my mother’s side things were quite musical.

Did you have a particularly religious upbringing then?

Well, I mean if you say we went to church, I went to church once a day and also to
Sunday school. Well, on Sunday I mean, right. But I managed to get out of the
second service on the Sunday. I mean it was normally homework or some other
activity called but, yes, my mum and dad were both really quite chapel oriented.

And was that a particular influence on you when you were a child?
… It had an influence. I wasn’t convinced that chapel people were as good as I
thought they ought to be [laughs] but I must admit that was just a – you know, a
youthful impression really.

[laughs] So could you explain that to me?
Well, I mean you say – when you know people you know whether they have a – you
know, they’re kind or sharp or critical or something, and I felt that quite a lot of the
chapel people were fairly critical of things that were going on, you know, and I felt
they should, you know, be more generous, if you like, in their outlook. So I think that
was – that was the general impression I got.

Were you particularly religious yourself then when you were growing up?
© The British Library Board
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I wouldn’t – I wouldn’t have said, no, not particularly, no.

[11:20]
Can we talk a bit more about your parents? ‘Cause your father was a teacher, where
was that?
Well, he was a teacher in Beddau which was a normal sort of – normal sort of state
school. He taught woodwork and metalwork and I used to have to attend from church
village – well, in my later years, I was ten or something, I had to attend the woodwork
class at Beddau so that was a bit – that got a bit embarrassing for me ‘cause my other
friends clearly used to my pull my leg at being taught by my father. So I received a
certain amount of comment from that. But as I said, he had, er, many hobbies as well.
He was interested in photography and had his own camera, did his own developing
and printing. And he was interested in wireless, he mended lots of neighbours’
wireless sets, so there was always a fair sample of those around the home. And he
even built wirelesses from scratch with, you know, vacuum valves and things in those
days. So, yes, he was quite airy [ph] in that. And again, from his experience he
obviously was interested in building furniture, which he did for the house. He did
build odd toys for me, things like, you know, large red engines, a castle, but the
interesting thing is on the days I was due to receive these, like Christmas Day or a
birthday they were never quite in a state ready to use, particularly if they involved the
use of varnish or paint, because his excuse was that good quality varnish or paint
always took a long time to dry, you couldn’t use anything which is short time and
therefore I couldn’t actually use them on the day. But apart from that they were
always really there and, you know, very exciting really.
And what was your father’s name?
William – William Kenfig Edwards.

Were you named for anybody in particular?
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Well, my grandfather on my father’s side was a miner. He worked forty years, mostly
nights, and always underground, and he was called David and I’m called David, but
he always referred to me as Davibach you see. And he actually lived in a place in the
valleys about thirty more miles away, a place called Cwmaman and he worked and
lived there but he used to come and visit us at, you know, odd occasions and at
Christmas in particular. I remember Christmas because he always had a chamois
leather bag with sovereigns and half sovereigns in, so I got quite a few half sovereigns
from him in this way. So it was very exciting, that.

Was your grandfather still a miner when you were growing up?

Yes, yes, and he smoked a pipe regularly all his life and he lived till he was eightyfive, so it obviously had no effect on him. Whereas my dad, who never smoked at all,
my mother never smoked and I’ve never smoked, my dad died at sixty-two in harness.
And it was a shame really because from about the age of sixty he’d been putting
things, you know, on one side, like special pieces of wood to make something, one
thing or another to do, you know, when he was retired, and he was just taken early
I’m afraid.

[15:30]

Sort of wondering a little bit more about this mining connection, you know, its an
important thing in South Wales. I was just wondering if you had any thoughts on that,
or is that –?

Well, Tonteg itself was not a mining area but Cwmaman, you know, was quite a big
local mine there and that’s where he worked. Erm, it’s a shame really, you know, in
my time to see all this mining activity disappear and the effect that it’s had on the
areas because, you know, many of them are terribly run down, shops shut and all this
sort of thing, and not particular economic depression but the general depression in the
area. So I think all I can say is that, you know, I just have a feeling that, you know,
that obviously wasn’t a good thing from the people in South Wales’ point of view.
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Right, no. But what did your parents want for you when you were growing up? Did
they have any sorts of hopes and aspirations for you in particular?
… They were very keen for me to go to university. Er, my dad always helped me
with homework. He was very good on the history and English and geography side,
and my grandfather on my mother’s side, who was the lay preacher and so on I
mentioned, he actually worked for an insurance company and his mathematics was
very good and he always had an interest in doing sort of odd tricks with mathematics.
And so in my early days he was a big help to me in my mathematics homework and
he was much more patient than my dad [laughs]. But when I got to – when I got
really to grammar school and things like that, particularly when I was in the sixth
form, there was really no – no further help. They encouraged me to work but there
was no – no help available for what I had to do.

[laughs] So you had your grandfather helped you with your maths homework then?
Yes, yes. So – yeah, but that was quite important for a time to me because he was
very patient with me. And my aunt, who was my father’s younger sister, and younger
by quite a bit like ten or twelve years, I can’t remember the precise time, but she was
a biology teacher. Now she started teaching in Horridge in Lancashire and then she
went to Caerphilly in South Wales and then she went to the National Museum of
Wales and it was there that she – you know, when she retired she was there. So she –
she had quite an interesting career and she was very helpful to me in – obviously in
the biology area.

It sounds like that there were quite a few teachers in your family.
Yes, yes, and we seemed to have – you know, we seemed to have followed in that
pattern because I taught obviously at university and I spent all my time at university.
I enjoyed it and – but there’s one of my children who has gone into teaching. She –
she qualified in physics and then went into teaching in Nottingham for a time and –
but then moved into IT, with in fact the ICL company, and worked there for a few
years, got married, and her husband worked in the Digital Equipment Corporation in
Reading. And they were later moved to the States on a three year sort of basis of
© The British Library Board
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moving to the head company so to speak, to learn what was going on there. But in the
process of course DEC ran into financial problems and when he was due to come back
all his – all the people he worked for over here had virtually disappeared so there was
no job for him here but they wanted to keep him on in the States, so – ‘cause he was
doing a good job there. And so they – they in fact stopped in the States and had two
children there. And, er, I mean I hear regularly from her, speak to her normally every
Sunday on the phone and we communicate by email. And in fact she was over – she’s
coming over this next summer for a time, so I’ll see her again, so – but she’s actually
teaching in the States now as well.

[20:30]

Right. Were there any other relatives who were important to you when you were
growing up?
… No, I honestly don’t think so. I think my aunt, who I’ve mentioned, was very
important. Very important on the helpful teaching side but also really she was a bit
like a much older sister. And you know as a child you always think, oh, I’d like that
present for Christmas but it’s a bit out of my – it’s a bit out of reach for everybody?
Well, with her I always got that sort of a present and so I just thought she was
fantastic. And in fact she did – she did a few interesting things, like she took me on
holiday to Paris in 1938, right. And previously that year or slightly earlier, she took
me to London for a week as well. So I had some very interesting trips with her.

Did you do much travelling as a child?
Er … in terms of what my children do, I do nothing, but – I did nothing. But I mean
we did have holidays, right. I have some relations in Pembrokeshire who are farmers
and we did visit them, you know, on holiday for a week or a fortnight. We went to a
seaside place called Newport, also in Pembrokeshire, and the Gower Peninsula.
Again, we tended to use private accommodation or – or farmhouses, sort of thing for
staying. Erm, and we had – I had – my mother’s sister – sister was married also to a
Wesleyan minister and they used to move to some interesting places about every five
years. And so there were places like the Shetlands, [laughs] which is a long way
© The British Library Board
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away, but Ashton in Makerfield which is quite local of course, but also Lincolnshire
and other places down south. So we generally visited them once a year as well to –
you know, on holiday. So – but that was the travelling I did except for the special
travelling with my aunt which, as I say, I departed to London and Paris which were
really fantastic. And of course, not having appreciated any French or contacted any
French at that stage, since I was only ten, you know, when the – when the sort of train
guard came in, you know, in the Paris station and gabbled away at me in French, you
know, I – I just fell about laughing I’m afraid. So it’s difficult, yes.

Can you tell me a bit more about your trip to France?
Well, I can’t – I can’t really tell you a lot about it but I – I remember that whilst my
aunt did speak some French it wasn’t fluent. And I remember going to lunch one time
and we decided to order something for lunch, we got a silver tray full of radish
[laughs] which was one odd thing. And the other odd thing I remember is going roller
skating and they were three wheeler skates. And there was a hill at the end of the rink
that you could come down, so that was a new experience as well. And the other
comment, which has been related to me time and again by my aunt ever since, is I –
we wandered round France and we went to some of the French street markets and
things and they had lots of cardboard cages with coloured birds in. And I kept going
around the streets shouting, ‘I want a oiseau’ [laughs], which I didn’t get of course
[both laugh].

Was that one of the coloured birds?
That’s right, yeah, yeah, yeah [laughs].
How different did France seem compared to South Wales? Just sort of –
Oh, totally different, ‘cause it was the first time I’d ever stopped in an hotel, right, and
there was a lift of course which was quite interesting ‘cause you had to make sure the
door shut [laughs] otherwise you stranded people on other floors and things which – it
was quite – quite a bit of fun out of that. And of course I was supposed to be put to
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bed early but my aunt was so exhausted with looking after me during the day that any
thought of her doing things otherwise at night had to go by the board I’m afraid, yes.

[25:30]

And you said she also took you to London as well.

Yes. The thing I remember there were the Disney cinemas. You know, there were
small – there were places which only just showed Disney films. I can’t remember but
there was a name given to them and I remember that’s what I spent most of my time
doing was actually, you know, spending a few hours in these – in different – seeing
different Disney films. It was – but that’s really all I remember. That and going into
Lyon’s tea shops and eating their currant buns, which were fantastic and I’ve never
ever seen buns like that since. But these – you know, sugar glazed currant buns were
absolutely unbelievable.
What was the Lyon’s tea shop like?

Yeah, well, I mean for me it was a new experience, you know, fantastically
extravagant.
Can you tell me a bit more about the tea shop? It’s obviously interesting because
there’s that computer connection later.

[Laughs].
I’m just wondering –
No, no, I’ve told you the things that I remember about it. There’s nothing else, you
know, of any real value. Remember that I was only nine or ten at the time [both
laugh].
I just think that it’s an interesting – there are quite a few bits I want to follow up here
actually. Let’s go back to school for a moment.
© The British Library Board
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Yeah.

What were your favourite subjects?
Well, at junior school I was – I was quite interested in mathematics, right. And I
think my grandfather helped stimulate that interest as well. You know, he was in
various schemes where he could show two is equal to one and various dodges, you
know, like this which – which were quite interesting to me. And so I did – I did
reasonably at – I did reasonably at junior school, obviously got to grammar school.
Now the grammar school itself was in Pontypridd which was the nearest town to
Tonteg, about six miles away. Er, I don’t know if you know anything about
Pontypridd but it has a bridge which was built in the 1700s which was the largest span
bridge, single span bridge, around at the time and is in fact still there, but it’s not used
as a – you know, except as a bridge to walk over, it’s been replaced by a modern
bridge, but that’s over the River Taff. There was a large chain works there in which
one of my friend’s fathers worked and this in itself was quite interesting because they
obviously moulded things there and he brought home a sort of moulding box and sand
and odd bits of lead and things, so this friend and I used to do things like make
moulds for aeroplanes and things like that and then pour in lead and make lead models
for it. Obviously a little bit dangerous but he brought home some special little tools as
well so that we could – we could do this all in a proper way. So I quite enjoyed that
sort of activity. Er, the only other thing of course is the gentleman who got cremation
legalised came from Pontypridd. Then of course now Tom Jones comes from – it’s
Treforest but it’s really next door to Pontypridd, right. So, you know, quite an
interesting place, quite a nice school.

[29:05]
Boys’ school only but in the sixth form, because of the war and things, we did have
some girls come in for sixth form lessons and things and also the sort of final exams
and things, particularly the practical exams, so this is a little bit of an innovation. And
the other thing that was an innovation is due to the war of course, we got lady
teachers, so we had sort of young Cambridge graduates came to actually teach us so,
© The British Library Board
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you know, in the boys’ school. So this was very exciting for the lads and of course
we had things brought in for the desks, like the desks were desks from then, right. So
they were just completely open underneath whereas if you had a lady there, right,
sitting down, you see, with legs exposed, we had to have modesty panels fitted. So
you had a – you see, a learning experience as well. But the subjects at school, my
main interest was chemistry, right. And I was a science – I was a science student
really. Physics, maths and chemistry were my subjects. French was not my subject
[laughs], so the master on occasions used to make me stand on a desk and recite what
marks I’d got in my other subjects and he’d say, ‘What did you get in French?’ and I
always had to confess a rather low mark [laughs].

And the master made you stand on the desk?
Yes, stand on the – you know, stand on the desk, yes, and re – he’d ask me then what
the marks were, so I was stood up, you see, on the desk seat to – to make these
comments so everybody could see me.

But why did you have to stand on the desk?
I don’t know, I just think – I just think so it was evident who was talking, you know.
It’d have been sufficient to be standing up really but we did have a number of quite
good teachers. The maths teacher had a nasty habit of pinching your cheek there, you
know, when you were not responding properly.
Was it a harshly disciplined school or …?

Fairly disciplined I should say, fair discipline. The head teacher was actually a
French graduate and all the sixth form science form had to read French books at a
lesson and he would come in and take it with us. So that was a little aberration, but it
was quite useful because when I did physics in Manchester we had to do – we had to
translate a French science, you know, piece so it was quite – and you had to pass that
to get your degree. So, you know, it was quite important really, so in the end it was
quite useful.
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[32:10]

And you mentioned that your favourite subject was chemistry. I was wondering what
the attraction was.

The attraction was the practical work. I found you could go in at lunch times and do
all sorts of experiments and make all sorts of different, you know, materials. So that’s
what really attracted me to it was the – was the experimental nature of it but towards
the end of the sixth form I really was thinking of doing chemical engineering as a
sixth – as a university subject. And in fact there was a four year course at Imperial
College at which you could get into the third year if you were sufficiently well
qualified, so I went down and took the exams for that. And this was in a huge hall in
Imperial College as I – I mean it looked huge to me at the time and all the people
looked terribly old. You know, I thought these must be lecturers or something but –
‘cause I was only obviously seventeen just about when I was taking it and this was the
intermediate exam or something for – and so I passed that, so I was available to do a
three year course in chemical engineering. But at the examination I was given a
Glamorgan county scholarship to do chemical engineering at Imperial and I got a state
science bursary, but in those days I was told to do physics at Manchester, right. So
the condition of getting the bursary was to do physics at Manchester, so I’d never ever
been to Manchester in my life, right, or been to the university. I didn’t know anything
about it at all but it was much more money, you see.

Oh, right.
Right. So I felt I didn’t want to be a liability on my parents and so I took that but I
must say that Glamorgan were really absolutely excellent because they said they
would hold over my Glamorgan county scholarship for me in case I needed it later,
right. And I in fact used it to do my MSc, so I felt incredibly privileged really for that
reason.

How did you actually go about getting a scholarship?
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I didn’t have to do anything, they were given on the results of the A level, on how
well you’d done in the A level results. It’s interesting you mention that because our
local coalman, who had a daughter doing the same exams as me at the time came
round, to see my father and said, ‘What did you have to do to get this scholarship that
David’s got?’ you see, and we said we didn’t do anything. So, you know, not only am
I saying it, it was reinforced by that. So, no, it was purely given directly on the A
level results.

[35:20]

And your other favourite subjects you mentioned in school were maths and physics.

Yeah.

Yeah. And again, what interested you about those?

Well, I think in maths it was sort of puzzles and things like that I got involved with.
Er, physics, I did like making models, I made lots of model aeroplanes, for example. I
had things like steam engines and electric trains, things like that so, you know, I liked
doing things like that, and – and a Meccano of course. I had Meccano so I used to
like building things with Meccano, but I really got interested also in wireless, making
crystal – you know, crystal wireless sets for myself and more – more extensive things
when I could steal things off my dad [laughs].

How does one build a crystal wireless set?
Well, you just got – I mean there were bits that you could get in sort of electrical
shops and things. I mean you could get the crystal in a holder and you could get the
prod, you know, which you could screw it and just adjust, you know, in various parts
of the crystal to make sure that it behaved and so on. And you could wind any coils
that were involved, so there instructions in things like the maga – the general
magazine at the time was the Wireless World, okay, and so there was – there were
obviously instructions for building things like wireless sets, so there was no problem
really.
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http://sounds.bl.uk

David (Dai) Edwards Page 15
C1379/11 Track 1

And you got a crystal set and then you built something more elaborate then?
That’s right, yes. So you’d wanted – well, a crystal set obviously just worked into a
set of headphones. Now you wanted then something which would make a noise. I
never actually persuaded my father to build things like, you know, a separate
amplifier or anything like that, it was – no, he stuck strictly to the conventional
wireless set, you know. But I mean you must remember in those days, you know,
wireless sets were mostly operated off batteries, you know, which you had to buy and
– and things weren’t very sophisticated at all, at least for the normal individuals. So
things like, you know, er, good quality sound and things were really – the fact that it
got any sound at all was really quite satisfying [both laugh].

[38:00]

What sort of man was your father?
… He was very good to me, he was a good dad. I mean he made things – he made me
do things like, as I say, making sure that I did some standard activities which helped
him and things, so you see it was quite good discipline like that, to teach you that, you
know, a work ethic if you like. He was helpful to me in things like homework when I
was having difficulties, er, but he did have – he did have some funny ideas which
really conveyed themselves quite strongly to me, and one of the things I remember – I
mean they were both school teachers, so in a sense they were, you know, not badly
off, they were – I mean compared with the general area, but we lived in a council
house and we lived in a council house all my life and they lived in the same council
house all their lives, right. Both of them died from there, right, so – there was talk of
buying a house, right. And certainly when I was, you know, in the later stages of
secondary school there was talk of this and of course a lot of their friends who were
teachers were buying houses. But my dad was very keen – he had a thing about not
getting into debt, okay. And in that sense he was helpful to me because he built up
some savings for me, you know, as a child, so when I came to university I had some
savings. I mean quite different from the present situation of people, you know, that
they’ve got nothing and they’ve got to go into debt, right. I had some savings and I
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had an ethic which says don’t get into debt. Now he took this – I think in the end he
didn’t buy a house ‘cause he didn’t want the mortgage, he didn’t want to be in debt to
that amount, so he would get great satisfaction in saying, look that house has just
come up for sale and it’s been sold for this and, do you know, three years ago I could
have bought it for this amount of money. Now that seemed to give him tremendous
satisfaction but he didn’t realise, or he didn’t seem to realise, that he was actually
doing himself an injustice like. So, for example, when I came to buy a house in
Manchester I took a positive decision not to involve him at all. And he was very good
about it, you know, I just said, ‘Dad, I have bought a house.’ And he was extremely
helpful to me, he was extremely practical and extremely helpful to me. You know, he
came, and he was a woodwork teacher so, you know, he helped with various jobs
around the house and I mean not only was he a woodwork teacher I mean he was
helpful in – I mean he knew how to mix concrete and he could do building work as
well. So, for example, we both pointed the back of the house, right? So, you know,
he was ex – he was extremely good like that, he could turn his hand to almost
anything and he could – and he was very helpful to me.

You mentioned you used to build radios. Did you help him with this at all as well?
Oh, yes I liked – I mean it was a bit casual, that, it wasn’t a sort of positive help [ph].
I mean he used to be stuck with something or [laughs] – and we’d discuss it or, you
know, but – but he had another friend who was really a maintenance, an electrical
maintenance engineer, and so if there was a real problem, as it were, he used to
disappear off to this friend to discuss – discuss the problem with. But I sort of
benefited if you like from that ‘cause I – I would learn how the problem had been
solved, you know.

[42:10]

So did you build up quite a good knowledge of radios when you were growing up?

I did, yes, yes, and I was aware of what valves were and how they could go wrong and
that they required heaters, you know, so you could tell if it was operational or not
[laughs] and you required a voltage which you could measure with a metre. So there
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were lots of practical things, you know, which I – I knew about automatically. So
when I went into things like the electronics lab at the university, you know, I was
aware of all these sort of – I was basically aware of all these things.

Could you talk me through some of these practical things to do with radio if you
remember them? Explain to me now, you know, being the person who just goes and
buys a radio. The idea of building one for yourself I think is quite fascinating and I’m
just wondering, how do you go about that?
Well, I think even these days there must be – I mean the standard technique if I was
talking to anybody now was to say go and buy something like Wireless World, okay.
But I mean the difficult – the thing these days is that – in those days you had single
valves, right. I mean a valve could provide you amplification, right. It could rectify a
signal, that is convert it from AC to DC. So since you started off with the mains the
first thing you had to do in building a wireless was get a DC voltage, right.

Right.

So you had to take the mains, put it through a transformer. You could either buy a
transformer or you could wind a transformer, you could actually do it yourself, right.
I mean it’s fairly simple in concept, you require a certain number of turns of the input
and you require a certain number of turns on the output, and if you want to step down
from 230 to 30, say, then you step down just in the ratio of the voltage, you see, okay.
So – and then – but you have to wind it with a particular thickness of wire to deal with
the current requirement so – so you have to know the turns, you have to know the
wire thickness, which is different on the primary and the secondary, and then of
course you can wind more than one secondary so you can wind two secondaries.
Then there are arrangements to do a half wave transformation that you only take the
positive signal and convert it to DC, or you take the negative signal and convert that
into – if you like, turn it in the other direction so it gives – it gives it another positive
signal in there, so that’s twice as efficient and things, you know. Now, you know, all
these things now are done by integrated circuits but in those days you had to use
individual valves, a diode or a valve, you had to use condensers, right? You had to
use resistors and so on to provide your DC voltage. When you’ve got your DC
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voltage then you have to now tune the input signal to a frequency. So first of all you
require an aerial to pick up some sort of signal transmitted. You have to amplify that
signal so you’ve got some size of signal to deal with, right, so you first of all amplify.
Then you have to select a frequency, right, so you need a condenser and a coil to
actually tune to a particular frequency to identify a particular radio signal now. Then
when you’ve got the radio signal that’s a frequency but on top of the frequency you
have a modulation which is the audio, so now you have to get rid of the frequency and
just take the – identify the modulation. Then you put that into an amplifier and
produce an output, then you can produce your output just a single thing, but obviously
it gets more complicated when you’ve got stereo, and it gets more complicated when
you want quality as well. But I mean in those days those issues were – were not
relevant at all, but do you get the message?

Yeah, I do. How do you learn to do this?

Well, by first of all talking to my dad, who would just tell me, but of course the
easiest way is to look at an appropriate journal where people put in things, how I built
it, you know, how I built a radio, how I built this. And they still do this today. You
know, you can have things to light up a Christmas tree and make the lights fluctuate
and all this sort of business so, you know, it’s still – it’s still in various senses an
ongoing process, but more sophisticated since you can now have one computer on a
chip and select things in very sophisticated ways.

So you mentioned you used to read Wireless World for this sort of information then.

Yeah.

[47:10]

What other sorts of things did you read as a child?

I think reading as a child was really directed mainly by the school to be your
textbooks so, you know – and then you did projects on things like say liquefying
gases. So to find out about this there’s a little research project to find out how it’s
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done and things like that. And generally you just read, you know, the odd detective
story for – you know, the odd boys’ stories and of course in those days you had the
odd comic, you know, things like The Wizard and so on. I mean I can remember at
about six or seven years old I got a TB infection in glands on the neck, you can see
the scar there, and I had to go to hospital, and it was very successfully dealt with.
And I believe this was caused by milk that we’d drunk from the farms when we went
to Pembrokeshire, so that was the initial story about it. Anyway, it was all dealt with,
it was all taken away. Rather a large scar but it’s – what they said in hospital, when
they came to visit me, they said after they’d given me the comic they were told they
can disappear [laughs]. So, yes, I mean I like reading, I read boys’ stories
particularly. Er, I can’t really recall particularly going for classic, you know, things
except where they were required for English or, you know, other purposes. You
know, obviously odd science books that you had to turn up to do odd bits of research
and so on but I mainly read – I mainly read either for doing modelling or something
like that, right, or some activity I was wanting to get on with or for entertainment
really or – or my work.

So reading to support things really.

Yeah, yeah.
You mentioned science coming, it’s popped up a couple of times, and I was just
wondering was there anything about science and technology that excited you when
you were growing up?
Well, I think – I think we were on the verge of nuclear energy at that time and there
were things like – I mean heavy water as mentioned during the war and the bombing
of things in Norway which you became aware of, right, made – been made by the
Germans to help in their atomic energy work, right, the production of heavy water.
And so I was aware of this and really my interest in chemical engineering was
possibly, you know, to go perhaps down the nuclear road in the future. Hmm.

Right.
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But it was only very tentative, it was only preliminary without really any, you know,
definite indication.

How did you find out about the heavy water stuff? I almost thought that that sort of
stuff was kept secret at the time.
Well, I think – I think that our chemistry teacher was very up to date on that sort of
thing, and certainly when I went down to take the exam at Imperial, which I think not
only involved maths but science as well, right, ‘cause I was going to do chemistry,
there was a heavy water question on the paper. What it was, I can’t remember, but I
certainly remember there was one.
So sort of nuclear physics then –

Yeah, yeah.

Did you use it? So did you know about Rutherford and splitting the atom and that
sort of stuff then?
Well, of course that didn’t come to me till a bit later when I went to Manchester when
I found that, you know, Professor Blackett was the head of department, right, who
was obviously quite a well known name and obviously he’d also been in intelligence
things during the war. But there were other names, there were people like Professor
Lovell who went on to radio astronomy who was then a senior lecturer at the time and
there was another man called Tolansky who was in optics and also nuclear physics,
right. These were people who lectured me really, okay, so in a sense – in one sense I
felt very privileged but in another sense there were also people there who lectured in
things, like Janossi who was a sort of, er … escapee from Yugoslavia whose English
wasn’t terribly good. I mean he was very competent, right, he was a very good
lecturer but, er, it was difficult to really understand him.

Yes.

© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 21
C1379/11 Track 1

And there were also people there who really had sort of, er, problems with things like
eyesight, so they weren’t in the force, they hadn’t been in the forces and things and
they’d stayed there during the war but obviously they had great difficulty writing on
the board and things. And so there were – there were some good people there, there
were very significant people, there were some people where you had language
difficulties, there were people with other difficulties for medical reasons, so there
were problems. And of course not all brilliant people are good lecturers, that became
evident as well [laughs].
Was there anybody you’d name in particular?
No, I don’t really want to name anybody in particular but I – I wasn’t terribly pleased
with Professor Blackett himself who I found was a bit, er … illogical in his
presentations, they didn’t seem to flow well, right? Now whether that was merely
because he hadn’t really given – devoted the time to, you know, present them. And
the information was there, right, but I didn’t necessarily find that they flowed terribly
well.

Picking up this strand but taking it a bit further back, how were your teachers at
school? Were there any who were particularly good or particularly bad, do you
remember?

I would say that the teachers at the secondary school I went to were all pretty good.
The music teacher, for example, whilst I wasn’t musical myself I found him, you
know, quite interesting. The biology teacher was good, I think the French teacher was
good but I didn’t really [laughs] attune myself to the subject. The English teacher was
fairly exceptional in taking us on at a very high rate and, you know, very good on
comments about, you know, approach and things. The – so I wouldn’t – and the
maths teacher was good, so I would say they were all – I experienced all people with
character and with definite traits. Some of them might be a bit odd but really good
teachers.
Was there any particular characteristic trait you’d identify that made them good
teachers? Or put it another way, what made them good teachers?
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Well, I think they were all individuals of character. That is they weren’t people
who’d been, as it were, told to teach and go along these lines, hmm. They had their
own views of things, which they expressed, and they were all competent at making it
clear what it was. You know, if you asked a question you will get an answer. You
didn’t get the answer which often you get now which is, come and see me later, which
is often because they don’t know the answer, hmm. I discovered that with my twins
recently you see [laughs].
So I think mainly we’ve talked about your secondary school, you know, haven’t we?

Yes.

I was wondering what the primary school was like.

Well, I think the primary school was, you know, fairly big classes, I think well over
forty in a class, right. Er … teachers again I would say were – teachers again were
good and there was good discipline. There was obviously fighting in the playground,
right. There were obviously problems around but, er … you know, certain – you
always get problems I think between individuals, you know. Walking back and forth
to school, I had to walk a mile each way, direction, so you always found there was
contention on the way, you know. Somebody wanted to be difficult about something
on the way so, you know, there was obviously the odd fights going home or going to
school [laughs] but generally speaking it was going home but there was obviously this
sort of thing. And they always seemed to me to be quite natural, you know, they were
expected on occasions. They didn’t happen extensively and, you know, you just got
over them.

Did you enjoy school?
I would say basically, yes, I enjoyed school, yeah. We didn’t – at the junior school
we didn’t have any swimming or any of that sort of activity. We had the usual sort of
normal games in the field adjacent. The trip by bus to the Beddau school which we
had to go to for woodwork and things was – was a good innovation, you know, and
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we’d really enjoy that. But again in those days there were no school trips or anything,
you see, ‘cause it was, you know – I think we actually did go to Bristol Zoo. To come
to think of it, we did actually make a journey to Bristol Zoo with the school, yes,
which was quite interesting ‘cause I don’t think I’d actually been to a zoo before that
time.

Who were your friends at school?

Friends at school were generally neighbours. I mean I lived in a council house on a
council estate, so there were no shortage of friends, okay. Immediately opposite I had
a very good friend who had an older sister. We sort of regularly saw one another at
weekends and then we’d walk to school together and came back but I mean we
regularly saw one another at weekends.

[59:10]

And I mentioned that my parents were very chapel oriented. Well, on a Sunday night
I tended to always go to my friend opposite, and in their family we always played
cards or some other games like roulette, you see, on a Sunday night, right. And so
this was very exciting to me ‘cause that sort of activity was not well regarded at home
but it was – I must say I enjoyed it and I don’t think I’ve come to any harm through it.

Did you have a particularly moral upbringing then?
… Well, I mean my parents indicated that I should go to chapel, I should go to
Sunday school, take part in activities, you know, there. And this is why I say I was
embarrassed, you know, I had to – on some sort of anniversary I had to get up and
recite something or, you know – and of course this was very difficult. I mean I’ve not
found it difficult since but I did find it difficult at the time. Er, but again, apart from
always telling the truth, right, those were the main things that I think were instilled
with me, and things like sticking to agreements that were made. For example, I used
to have a teacher who came to the house to teach me the piano. Now on one night I
decided to go missing and went out with my friends [laughs], and of course that was
rapidly – that was rapidly corrected by ensuring that my pocket money for the next
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few weeks went to help pay the teacher, you see, for that visit she hadn’t been – that
she had to make but hadn’t been paid for. Right, so I had – I effectively had to pay, so
I never went missing again ‘cause I went without my weekly sweet allowance or
whatever it was and it did take me a few weeks to pay [laughs].

Do you remember how much pocket money you got?
Well, it wasn’t very much but it was something like 6d.

What did you spend it on?
Oh, you just spent it on sweets really, yeah, spent it on sweets. I didn’t really get
enough pocket money to buy anything else, okay.

Could you tell me a bit more about your neighbourhood?

Well, the neighbours, as I say, this father opposite worked at the chain works. That
was obviously an engineer who was – you know, they were very reasonable. The
fellow on one side of me, the family on one side, their father worked at the power
station, er, and he was interested in amateur dramatics. So since there were three
children there, when we had a do there, there were always plenty of things to dress up
in. And of course – you know, of course we always did daft things like put on some
sort of silly show or something like that. So again that was another useful experience,
making a fool of yourself and so on, you learnt how to do this in some sensible way.
Er, and in a few streets up there were other people who worked at the power station. I
mean some work in the power station itself, some worked doing the lines which went
outside, you know. When any troubles occurred they reported the lines, things like
that, you know. Er, and generally speaking in South Wales at that time, most of the
families in the area, all the children went to grammar school. There were no children
who were really – except my friend opposite, he didn’t go to grammar school.

[1:03:30]
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He didn’t get the Eleven Plus but most of the children around went to grammar school
with me, and so I was not only friends in the primary school but they were friends
then in the grammar school as well. And of course we had to go by train – we went
by train to the grammar school, which went from the local halt. And of course we
used to do daft things like play – I don’t know, have you experienced pitch and toss,
where the –? The halt was a sort of gravel halt, right, so we used to put a pencil in the
ground and then throw ha’pennies you see, and then the nearest one took all of them
and threw them up and said heads or tails, and they took the ones which – so I’m
afraid we used to gamble for these high stakes on the way to school. And of course
from the station in Pontypridd it was about a mile walk to the school. So with the sort
of operating times of the train plus the walk to school, there was plenty – whilst in
theory it was possible to get there in time for assembly, with a little bit of
interpretation, you know, you managed not to get there in time for assembly. So the –
the boys from the Llantrisant area, which is the general area as it is called, were
always in dispute with the headmaster for lack of attendance at assembly. So, yes, so
that caused a little aggravation but apart from that – but the station of course
disappeared with Lord Beeching, so whole railway lines went. But the interesting
thing is, during the war the lines in our vicinity were used for lots of American
engines put on, in storage ready for D-Day.

Railway engines?

Railway engines, yeah. So a lot stored there.

Can you tell me a bit more about your house, or the house you grew up in?

Yeah, semi-detached, three bedrooms. My mother and father had the front bedroom, I
had the back bedroom, and there was a smaller spare bedroom. Downstairs there was
a living room and a lounge. In keeping with things in those days of course, the lounge
was only used for visitors, only used at Christmas, you know, and special occasions
when the minister arrived or, you know, something – you know, something like that,
and we lived in the living room. There was a – there was a range, coal fire range, in
the living room, which was the only heat in the house. So there were curtains over the
doors to stop drafts and things, right? So in the living room there was a curtain over
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 26
C1379/11 Track 1

the door. When you went in the kitchen, except when you were cooking, it was cool,
right, in the hall it was cool. In my bedroom, in the winter there was ice on the inside
of the windows, right, you know, when the humidity was such, right. So, yes, it was
cool. So that was the – that was the organisation. There was obviously a pantry and a
place under the stairs, and that was it really with an outside coal house, an outside –
an outside toilet. No – no bathroom inside at the time I was small but a bathroom was
– was put in.
That was your outside toilet until you were –?

Yeah.

Right. What sort of technologies were there in your home?
… There was a dishwasher. No sorry, not a dish, a clothes washer, there was a
clothes washer and a cooker, electric cooker, electric – electric clothes washer. A
very old – I mean very old fashioned type of thing. There was no spin dryer or
anything like that, and no dishwasher, you washed up in the kitchen sink. And of
course my mother used to go away on holiday for about a fortnight every year to a
friend’s, and so my father and I were left in charge of the household. And so when
that happened we lived in the kitchen and we could transport stuff off the small table
which was there immediately to the dishwasher, [laughs] so I learnt all sorts of
techniques for efficient meal presentation and cleaning up, right. There was a vacuum
cleaner, the grate had to be black leaded, right. You kept the grate black by leading it
with a sort of carbon black stuff to keep it in, you know, nice condition, er, and you
boiled the kettle on the fire, right, so – and there was a hob that you could put the
kettle on but the – boil the kettle on the fire. Yes, so it was entirely coal that you
fetched from the outside coalhouse.

[1:08:30]

Did you have electric lighting then as well?
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Oh, electric lighting. Interesting, my grandfather on my mother’s side, er, electric
lighting was brought into the village, right, at some stage and he always used to turn
the gas off when they went to bed at night. Turn the gas off at the mains input and go
to bed with candles. Now when electric was put in he insisted on doing absolutely the
same thing, which is a much more dangerous – much more dangerous activity but he
never got – he never really got over that at all, you know, he would insist on doing
that. Yes, so that was, you know – there were anomalies like that which you find
quite interesting really.

You talked quite a bit about your father so far. What can you tell me about your
mother?
My mother, main interests really were chapel, right. My mother’s main interests were
chapel and the family really, making sure that, you know, there was food on the table,
right, and things like that. And so she spent her time cleaning the house, doing the
washing. For example, when I went to university, I was just out of the war period,
right, and things like a piece of blackout material, black blackout material, that had a
white square put on one side, and one side was my address and the other side was
their address. And this parcel used to come once a week, sent to me at university and
then I would pack my things up and send it back home. So my mother did all my
washing when I was at university, ‘cause there were no things like, you know, places
to get things washed, right. And so, you know, that’s how we did it and so that was a
convenient way. We didn’t have to find new paper, we just had this black cloth which
wrapped everything in with the address already fixed, and this was just posted back
and forth every week.

So it sounds very convenient.
So my mother – all I can is my mother looked after my general wellbeing, er, and that
was it really. So her act – when she spent her activity, I mean she was doing the
books for the chapel or, you know, talking about arranging some … or arranging
some event or other for the chapel or, you know, doing – and she played the piano and
she sang, so she would be rehearsing or playing a new piece or something like that,
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you see. And she had another friend who was a singer and they would sing duets, and
so they would do that sort of thing as well.
Do you think you’ve inherited any traits from your mother at all?
Traits from my mother? I can’t sing [laughs]. Many people say I look like her but
apart from that I can’t think of anything else honestly.
Sounds like she’s a very busy person.

Well, I think the whole activity was geared to doing something, hmm. I mean if she
wasn’t doing that she would be reading something, right, so all her activities went to
doing something really and that was the – that was the general message that, you
know, you did something and you went to sleep.

[1:12:15]

And, you know, entertainment, certainly in the early days there was no television so
entertaining was reading, right, or modelling for me or playing with the – with my
trains or whatever.

Can you tell me a bit more about your hobbies when you were growing up? This
modelling and playing with trains and Meccano, it sounds quite practical and hands
on, I’m just wondering what your thoughts were on that.
Well, I mean modelling – I mean I used to make things out of balsa wood, right. You
would get a kit really, okay. You’d always break something in the kit really in the
process, you always had to, you know – you always had to get by with – you know,
with doing something yourself so you had other bits of balsa wood, in other words
that you could make replacements and things. But essentially these were to make a
skeleton really of the structure. Initially the motors were rubber band, right, and you
would cover the thing with paper and then varnish the thing so it became waterproof
and tight so that – you know, so it shrank and became tight and things, and then you
would try and fly them. Now flying, you know, getting the model balanced and doing
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the right thing was always very difficult really and I found, you know, this way many
models went to the wall [laughs], went to earth very rapidly. With Meccano, I mean
you did things like build cars or bridges or cranes. Cranes was a popular thing, like to
be able to lift things, right, so you just used – you know, you just used those sort of
different things, which were the examples. I mean I inherited I think from somebody
quite a large Meccano set, so there were also lots of gears and things so you could
learn how to – you know, how to operate gears and that sort of thing, so that was quite
interesting. I did have quite an interest in clocks at one time but I never actually
managed to get my hands on anything that was worth, you know, it was – it was never
easy to actually get your hands on anything that was worth doing that people would
allow you to get your hands on. But I don’t know, but you’ve seen we’ve got a
grandfather clock there which we inherited from Jane’s parents, that we’ve just made
work in fact, and that’s been quite satisfactory.

You mentioned a while ago you had a radio in your home. How much did you listen
to it?

Oh, quite a lot, yes, I listened to the radio quite a lot. We obviously listened to things
like – I mean the news was always on every day, right, at some stage or other, both
morning and evening I would have said. And there were things like – I mean I can’t
remember the names now but there were things like Tommy Handley Show and this
sort of thing which were, you know, very popular at the time, and so you always had
those sorts of things on. Er … but it was for information really, it was for information
and entertainment really. Your information, weather and the news, and otherwise
then entertaining yourself.

Speaking of news, what newspapers were read in your house, if any?

Well, there was a newspaper, I mean it was something like the Daily Chronicle or
something I remember. Took a newspaper every day and I think when the Radio
Times was – when the Radio Times was issued we certainly had something like the
Radio Times so we could tell what the programmes were going to be on.

[1:16:25]
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Did your parents have any particular political outlook at all?
Well, the whole area was really fairly strong Labour. Er … so I would say my entire
upbringing was really quite a strong Labour upbringing, but I think my dad indicated
some things to me which he didn’t approve of, which went on in the Labour
community. One of these was getting on by knowing somebody rather than what you
did. So it was quite normal, for example, if you wanted to change your job in a school
to have to go and see the councillors beforehand. That was something he would never
do, right, never did, it was something that he taught me was completely irrelevant,
hmm. That was one thing. The second thing was with working in an area where a lot
of the neighbours went out, as it were, on jobs where they were repairing power lines
in various parts of the country, where there was no population or where there were
limited things, what you’d find was that they’d come back with things like sheds. A
complete shed would be delivered back to a house on the wagon which was delivering
them home, and this would be acquired because they’d come across this shed in this
area which obviously wasn’t used and hadn’t been used for years and they decided
that they could use it. So that was the other thing he says is, you don’t acquire things
like that. So I think there were two – two strong lessons which he taught me, that you
don’t acquire things just by picking them up and assume they don’t belong to
somebody and you don’t go round – you know, you get your job by what you do and
what you’ve done, you don’t get it by any other means. So – and those were two –
two aspects of Labour which I think have, you know, caused me when thinking of
jobs not to try and get a job in Wales in the first instance, because it was quite clear to
me when I went for my interview with FC Williams that the only thing he was
interested in was how well I would do, right, and how my capabilities were. He
wasn’t interested in who I knew or what I knew or, you know, who else was my friend
or things like that, he was just interested in my capability and this became very clear
to me, right.

Could you tell me a little bit more about how sort of Labour politics influenced the
atmosphere of where you grew up then, shall we say? How was it obviously a Labour
area?
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Well, it was obviously a Labour area because I mean it was a council estate, right, it
was a council estate where everybody worked, okay, and normal hours, they were not
in highly specialised jobs. Generally speaking, what you found in Wales, that the
people might be very well educated, in fact a lot of my sixth form at school, for
example, did very well at A levels but they didn’t want to leave Wales, they stopped
at home, to work in the community at home, right. So they were extremely well
educated, they were university material, but they didn’t want to go to university. I
mean it was their decision. Now I can’t answer whether that was an expense thing or
not, all I know is that I got – I did very well out of the system at the time. I mean I –
in essence I was very well off with the state bursary, right, and I was very pleased to
be so. Now whether they were influenced by the fact that they didn’t get a grant like
that but I suppose the number of grants would be limited, right. So it could be that
there was a financial aspect which they didn’t discuss but they certainly were well
qualified but didn’t go, and said that they’d chosen not to go. So that was one factor,
and you found that to be true in a lot of – you know, a lot of Wales that was true.
Thinking of growing –
But apart from, I mean, er, apart from that I don’t think Labour, as it were, inserted
itself in any strong way, you know, to the community at large really. I mean if you
were interested in politics then you were involved in it, if you were a councillor or
something like that, right, but if you weren’t interested in that area then you weren’t
involved and you just – you were just interested to see that people did their job now
properly. What concerns me at the moment, right, if you talk about the present time
what I observe is that people are not doing their job competently and I wonder indeed
how the country ever runs, right, because for some reason there are two things that
have happened. One is that there seems to be a lack of responsibility, people are not
interested in working as such for anything other than money. They’re not interested
in doing the job properly, they’re doing the job according to a principle and according
to boxes which have to be ticked, they’re not taking any responsibility for it, they just
do what is required, and that doesn’t seem to me to be sufficient. And the other thing
is that the people in charge seem to be interested in generating themselves huge
bonuses, right, which are not deserved in any way at all, right. And that seems to be
happening principally under the Labour government, now that really worries me.
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What do you think Labour stood for when you were growing up back in the ‘20s and
‘30s?
Well, it’d have to be the ‘30s I’m afraid ‘cause I was only two at age 30 [both laugh],
in 1930 yeah. Er … well, it seems to be that there needed – there needed to be an
organisation to fight for people’s rights and I can explain that in connection with a
thing that happened to my family, right. I mentioned to you that my father died at the
age of sixty-two. Now he’d been paying into a pension with the National Union of
Teachers for a lot of years. Would you believe that it didn’t allow the widow to get a
pension? On the scheme, as it existed at that time, it didn’t believe that the widow
should get a pension, so my mother got not a penny for all the pension that my father
had paid in. If he’d retired and had been getting a pension, the widow would have
received then a part pension, okay, so she would have got something. But because he
died in harness she was not eligible for a pension. Now somebody had to fight for
that right, right? So – so what I feel is, there is a need for somebody to fight for
people’s rights, hmm, and I think basically that’s how I regarded the Labour Party, for
the general mass of people that’s, you know – and I mean there’s no doubt that things
are much better from that point of view, but I think that they have to be careful to be
sure that they are not in fact making things worse, hmm. There’s no resting, you
know, they have to really move with the times, and that’s what worries me about it.

So sort of social responsibility?
Yes, yes. I find these days, I don’t – you’ll probably be aware of the same problems
but if you have a bank account you get banks ringing you up, cold rings, to make you
an offer of, you know, money, it all costs money. There’s an encouragement to get
into debt. I’m with my father on that, I don’t believe in it, hmm. If you’re in debt you
need to get out of is as soon as possible, there is no benefit in going further into debt,
this is what worries me about the country at the present time as well. Er, I’ve lost my
thread there.

[1:26:50]
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No, I was just sort of thinking back to linking with your past then almost. I suppose as
– ‘cause you’re born not long after the Great Depression as well aren’t you?

Yes.

Was that still something that was talked about?
Well, my aunt suffered from the Great Depression to get a job. I mean she couldn’t
get a job in Wales, she had to go to Horridge to get a job, right, and so that was her
first job after qualifying, you see, so she was in the suffering from the Depression.
But in a sense I mean that as a family and as teachers we were quite well – quite well
off. I mean we had a car, right. My father and his sister shared a car, ‘cause when she
came back to South Wales it was more convenient and she used to spend quite a lot of
time with us, okay. As I said, I regarded her much as a very old sister at that time.
But the car, you know, I remember had no heater and the doors didn’t shut that
terribly well, so there were terrible drafts. So if you went out in it in the winter you
needed blankets, you know, in the car. And of course it wasn’t used every day, it
wasn’t parked on the street like it would be these days, you weren’t allowed to in
those days as I remember. I mean – but it was parked in a friend’s garage about three
quarters of a mile away, so it was neither convenient or, you know, when it was wet
or if you needed it in a hurry. Fortunately my father rode a bike so he could get there
very quickly [laughs]. So it was used really for odd visits to relatives and to his
parents and things like that, and to – on holidays where it was nice to have a car. So it
was nice – it was enjoyed really as a special purpose device really for travelling, so –
and it was very good from that point of view.
Did your friends’ parents have cars or …?

My friend opposite had an uncle who had a very smart sports car which used to visit
on occasion, which caused a great, you know, interest in the street but – but there
weren’t many vehicles at that stage. Er, and I mentioned that Tonteg was really on
the top of the power station hill and this was the road down to the electric power
station in the valley. Now that was quite a hill, had quite an extent, and on occasion
had a rapid turn in it but as children we used to make bogies to actually go down this
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 34
C1379/11 Track 1

hill, and apart from the odd lookout, that’s all you required to make sure it was safe,
to actually do so. So these bumps on my head are sort of [laughs] the occasional
accident that we had [laughs].
Sorry, what’s a bogey?
Well, a bogey is something – you find a pram that’s been discarded by somebody, you
take the wheels off, and you attach them to a board. You make the front wheels
steerable and the back wheels fixed in, in position. So you have a straight board
which you can sit on, with wheels as the back. There are wheels at the front with a
pivot so they can move and you operate your feet on the axles each side of the board.
Generally speaking it’s a good idea to put some wooden blocks on the board to limit
the extent of the axles [laughs] because if you allow the wheel to come in contact with
the board then you’re in trouble you see. So, yes, so there was great activity in
making bogies and going down this hill, you see.

[1:30:45]

You talked a minute ago about growing up in Wales as well. I was wondering, do you
speak Welsh?
Both my mother and father spoke Welsh, and they spoke Welsh when they didn’t
want me to know things. You know, as a child I realised they were speaking Welsh
and this was something I was not supposed to know about. Er, but Welsh wasn’t
spoken, generally speaking, in Glamorgan. I did go to Welsh classes, at the primary
school there was a Welsh lesson, but it wasn’t – it wasn’t terribly, you know, well
done. And when I went to the secondary school the choice was Welsh or Latin in the
first instance. And I mean I’d had the lessons in Welsh at the primary school, I
decided Latin was the thing that I needed, but having had one year of that it turned
into Latin or biology and since I had an aunt who was a biologist I got persuaded to
take biology at that stage and got out of Latin.
Was Welsh not spoken much at all in your community then or –?
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No, not at all, very rarely.

And your parents never wanted you to learn it?
No, they didn’t, they didn’t push me at all in that respect. But when I went – when we
went to Pembrokeshire that was the – the farms there were Welsh speaking but they
would manage a few words in English to me. But, er, no, the Pembrokeshire area was
Welsh speaking but Glamorgan itself was really English speaking, and so no push at
all to take Welsh, except in the schools as a – you know, as not neglecting the
language really. And I think the pressure has come a lot more in recent years.

Just as a sort of reflective question of this then, how was Welsh seen when you were
growing up?
… Well, I just regarded it as a language, I knew odd words. I could use odd words
when I had to communicate with people but then I just did what was necessary, and I
regarded French in the same way [laughs].

A couple of other things I wanted to ask you about. You mentioned the Eleven Plus a
few times, I presume you passed it then?
Yes, yes, yes, that was – I didn’t find that any problem. Er, I mean there was still –
even in those days the Eleven Plus was regarded as a fairly important thing to get
through. So, you know, parents did make sure that their people – that their children
worked to pass it. So, yes, unfortunately my friend did not and he really – he’s really
suffered for it ever since. I still – he’s still alive and I still see him occasionally but I
have no real need to go back to South Wales at the moment. When I had relatives and
things I used to see him regularly but it was certainly once a year. And we still
communicate at Christmas but he doesn’t, for example, have email or something so I
can’t communicate him on emails, right, and – but I do get – we do write a letter at
Christmas time normally, communicate with one another. But his – his career I would
describe as one of the worst that I’ve ever known but he’s still a very good friend.
How worse, as a result of the Eleven Plus then or –?
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Well, I mentioned the trading estate didn’t I? So having left school at fifteen or
something he went to work in the trading estate. I won’t say the name of the company
but it was for a company involved in telex, hmm. So it was – it was in a sense quite
reasonably interesting, right. Now he worked there for a few years and then he got
taken into the army and he got taken into the signals corps I think, and he was sent
abroad and things and he worked in that – he was there till he was discharged. Of
course he learnt to smoke heavily in that period. He came back to the same company
who had a job open for him but then, as I understand the situation, after – if you
started like he did as a very junior who worked himself up and things and then went to
army, you have to work a certain number of years in the company before you become
eligible for a pension. And again this is another question of rights really. A year
before he became eligible for a pension they declared him redundant you see, hmm.
He then went to work for a firm doing dyeing which was near where he lived, and he
worked there quite satisfactory for a few years and he seemed to have got himself up
into a fairly, you know, capable situation, but then he got dermatitis, which was
attributed to the dyes. So he had to leave that, right, so it was just unfortunate he had
to leave that. Then the only job he could get was in Cardiff, so he had to travel from
his home which was in the valleys, quite some way to Cardiff and back, and that was
in a sort of hardware store type of activity which he worked at for a time. And then
the Mint opened in Llantrisant, right, which was a bit nearer his home for him and he
managed to get a job there. I think it’s his decision to change really because it was
more convenient. And he worked in the – he worked in the area where they make the
proof coins, you know, and he was something to do with making the proof coins and
keeping – keeping them. And there were two of them I think working in this area, his
boss and himself, and he worked there a few years and seemed to be very happy in the
job. And then his boss got ill and went off, got leave of absence for a year or
something like that, it was – and they left him in charge of all the work that was going
on. I mean now he was the sort of character who wouldn’t complain, you see, or
make an issue of it, right, he just carried on working. Well, in the end what happened,
he had a nervous breakdown, right, so he had to stop working with this nervous
breakdown. And then he went to a dentist who said – for his dealing with his teeth,
and this dentist said for some reason, oh, you know, they’re not worth bothering with,
the best thing to do is to take them all out. So he had all his teeth taken out, right, and
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 37
C1379/11 Track 1

he has never worked since. You know, he’s always been indisposed or ill or
something like that and that’s – that’s been his life. And I’ve been and visited him,
you know, with a car and taken him – wanted to take him out or something, both he
and his wife, you know, but in the end they didn’t really want to go anywhere and
what I – they went to Cardiff once. They said, ‘Oh it’s all changed now, we can’t
stand the difference.’ You know, they’re very inward looking, so it’s really – really
sad to see them end up in that situation. But as I say, basically there’s another
question of rights there, I mean you know, eligibility for a pension and what about the
situation when you get rid of them, you know, shortly before they’re due to be
considered? So, yes, I do have Labour feelings in that respect that, you know, you
have to look after people’s rights but I mean I do have some sympathy with the sort of
rights that all sorts of people are trying to claim, hmm. I think some of these are very
dubious, but I don’t want to expand on that [both laugh].

[1:39:30]

I think the other question I had about your childhood was your memories of growing
up during the war.
Yes. Er, well, I remember the war starting ‘cause I was just going to secondary
school at that time. I sort of took an interest – I was in the ATC in the school actually
later on, you know, when it was the sixth form and I actually did some gliding, I
learnt to glide and things, you know, with that sort of activity and went to visit RAF
stations and fired guns and all that sort of thing. So that sort of thing I found very
interesting, okay, I was – I was great. The war itself as an experience, my dad was an
air raid warden and he wasn’t eligible to go into the forces, right, ‘cause he was too
old, so he was an air raid warden. In our area where we were there were clearly no
obvious reasons for raiding it except for destroying the power station perhaps. So I
think we never – we never had any raids at all which were directed at us, but there
were raids on Cardiff, air raids on Cardiff. And of course the planes seem to come to
turn over the Garth Mountain which was between us and Garth to make the run in. So
from our back window which looked up the Garth Mountain we could see the glow of
the fires, you know, in Cardiff and we could hear the planes come in and turn in and
going down to bomb. So my mother and I – my dad was out on duty as air raid
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warden, she – when there were such raids on my mother and I slept under the table in
the living room ‘cause there was no – no other – we had no other air raid shelter or
anything like that, so – and there was no – not really any sort of close proximity to
things, so that’s what we did, right, so I remember doing that. There was one
occasion where a plane dropped incendiary bombs on our side of the Garth Mountain.
I don’t know whether in error or they just decided to ditch them, but these dropped in
a sort of marshy area, so a lot of them didn’t, you know, go off. And so the children
collected – we collected lots of these but of course we had to hand them in to the
official authorities. I’m not sure that every one was handed in but they were handed
in, right, but that was one occasion. And another occasion is – which is there was a
big bang, was a landmine was coming down on a parachute but the parachute was on
fire and it would have dropped I think, you know, somewhere in the fields but it
actually went off in mid-air, so there was no real damage done at all. But that was
another incident, as it were, during the war. So, er, those are the only incidents that
occurred, that’s what we did when there was an air raid in the – in Cardiff, which
wasn’t all that often, and of course at the end of the war in the May, and in the May
and September, there was VE Day and VJ Day. Now again, lots of the – lots of my
friends and things went out at night and went to the pub and things like that, right, but
I wasn’t allowed, I didn’t get out. So if you asked about my upbringing, then I wasn’t
allowed to go.

[1:43:20]
You were just not allowed to go to the pub then or –?
I’d never been to a pub till I came to Manchester on, you know, as a student. No, I’d
never, ever been in a pub. If we went anywhere on holiday my dad was a great
believer in sandwiches, or restaurants, right, we never actually went into a pub. And I
don’t suppose people actually went into a pub much for eating in those days, they
were mainly drinking places, so we didn’t actually go into pubs or really hotels ‘cause
the hotels really were a bit too posh really for – for us to contemplate spending that
money. So as I say, my dad – I mean if you’d argue you’d say he was a bit mean but
he was very careful with money and he did well by me is all I can say. You know, he
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gave me a nest egg to use at my discretion, you know, when I required it and, you
know, it was important when I was buying a house.

I need to actually stop this for a moment.

Certainly.
We’re approaching the end of what’s taken to be a track [pause].

[End of Track 1]
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Track 2
Okay, I’ll hit the record button. Right, so I think we’ve talked quite a bit about your
childhood so far. As a sort of step between childhood and university I was wondering
how your teenage years were?
… What do you mean there? Do you mean teenage from when?

I guess from about the age of thirteen, fourteen, up really.

Yeah, the teenage years, I think had no real problems or difficulties. I mean there
wasn’t a lot of – there wasn’t a lot of activity going on, social activity I mean, you
know, like goes on these days, you know, because it was – it was the war period, so it
– but I mean there were Saturday nights, there was the hop at the local, you know,
club and so I used to – I’d go to that, I used to quite enjoy dancing, it was the only
opportunity we got to see girls really [laughs]. So, yes, I quite enjoyed my teenage
years. And then of course I went to university relatively young as well.

How old were you?

Seventeen and a half.

Ah, right.

Okay, so if you like, going away from home at seventeen and a half from a fairly
sheltered upbringing was quite a new experience and things, for example, like the
RAG day at Manchester, which happened in the first time in 1945, right, where I think
beer if I remember rightly was 11d a pint, right, which came as something of a
surprise. It was also quite a shock to me going to the university ‘cause as I said I’d
never been there before. I came into what was then London Road station, it’s now
Piccadilly, but all the chimneys of the houses in the area were pouring out smoke.
And I thought having come, you know, from the side of a mountain in Wales to see all
this smoke pouring out, you know, it was quite a shock. But fortunately I had been
able to secure a place at a students’ hall of residence and I was there for all three
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years, in fact at a place called St Anselm Hall, and I really found this quite
satisfactory. The food, as usual of course, it was part war time and part rationing so it
wasn’t brilliant but it was adequate. And we did have enough points as it were to save
up for Irish stew or something on a Saturday night as a special [laughs] but of course
it allowed me to – it allowed me to play games for the hall, so I was immediately
started on table tennis and then there was rugby and hockey, so – and tennis so, you
know, it was really quite a good period. The interesting thing is on the table tennis
match I think we also of course played girls’ halls of residence and on my first
occasion to table tennis there I met a girl who later became my wife. So there we are,
a few years later but that was it, yes. She was interesting because she’d been
evacuated to Canada during the war to stay with relatives, and she was in fact from
Preston. But she decided to come back, even though she had a place at McGill in
Montreal, she decided to come back to Manchester and live at home with – well, live
at St Anselm, in Ashburne Hall with – you know, for the time she was there. Er …
so, yes, I had a very enjoyable undergraduate experience though I would say I didn’t
work as well – as hard as I should. And I feel that it might have been better to go, you
know, a year more mature really to university, would be my feeling from my sole
experience [both laugh].
But what makes you say you weren’t working hard enough?
Well, the problem was I found I could do very well if I worked but I didn’t do so well
if I didn’t work and, you know, part of the time I didn’t work [laughs] ‘cause I was
too busy with my girlfriend and so on, and playing games.
What was your girlfriend’s name?

Betty.
Was this the same person who is – who you later married?
No, it’s my first wife.

Right.
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She unfortunately died of cancer at the age of fifty. So I had three children with her
and then a rather harrowing two years when we were initially very hopeful that the
thing was minor and could be cured. Started with a minor operation without
chemotherapy but then the thing returned and she had to have chemotherapy, and then
it proved to be much bigger than everybody thought and she died unfortunately.

And you met her playing table tennis, you said.

I met her playing table tennis, yes. And I think it was our first table tennis match,
yeah, on the first term there.
It’s quite something to marry someone who you meet at that very early point. Did you
–?

Well, it worked out very well. We were very happy together, yes, yes.
Did you start going out not long after you met or –?
Oh, yes, I think we started going to things like the hop at the – the dance hop at the
university on a Saturday night and then having the odd meal. You know, either
prepared in hall by ourselves, as it were for one another, or go down to a – to a, you
know, fairly cheap restaurant [both laugh].

[06:55]
You’ve talked a little bit before about how you were funded through university.

Yeah.

Would you mind going back over that again in a little more detail?

Well, I received a state science bursary, which was for all three years for my first
degree, which was a fairly sizeable amount of money. I mean if I remember it was
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something like 220 pounds a year plus fees, right, so that had to cover my
accommodation and books and things like that. So, you know, it really was – it really
was a big help.
Hmm, hmm. Did this put you in a well off state at university then or –?
Yes, well, I mean I didn’t really require any significant help from my parents. I
mentioned that my dad had, you know, given me a sort of lump sum in reserve that
he’d prepared for me, and I never needed to use that you see. So in a sense I wasn’t a
burden on my parents, although I mean things like sending my laundry every week
and doing my washing, it obviously cost them to do that sort of thing. But I mean, it
just went by as a normal expense really, so I didn’t incur that you see.

How was social life at the university? It sounds like it was very busy.

Oh, social life, it was very nice being in hall. I mean at the hall I was in there was a
formal dinner every night, which meant that you appeared in gowns, right. It was a
men’s hall only, erm, and of course there was all the social activities of – of, you
know, sports that I mentioned but there were also, you know, a history society and
scientific society and all that. So there was lots of activities going on and there was
drama for those people who were interested in that, and they put on a play every year.

Hmm. Which of these activities did you get involved in?
Well, I didn’t get involved in all the sports. I might have gone to the odd science and
history lecture but it was the odd one, and I certainly wasn’t involved in drama at all.
[laughs] Had you been sporty before you’d gone to university?
Oh, yes I – I played soccer for the village team, at Tonteg village team so to speak, the
lads’ team. When I went to the secondary school it was a rugby school, and in fact in
my form alone there were two people who later played for Wales, so the standard was
very high of rugby, and of course I had to play rugby at the school. But one of the
chemistry masters was responsible for rugby and I didn’t get on with him at all, and I
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 44
C1379/11 Track 2

really was wanting to maintain my contact with the people at home and so I didn’t
actually play rugby for the school at all. I just played rugby as part of the school
activity but not for the school. Erm, but as I say, two people played for Wales, so
they were very good, but when I came to university I started to play rugby for the hall
first of all and then for the university a bit later, and then I later played for Broughton
Park when I finished at the university.
Oh, right. Sort of amateur semi-professional basis almost then or –?

It was all very amateur in those days, there was no sign of a professional in sight,
‘cause professional was rugby league and you didn’t want to know about that [both
laugh].
I’ll have to ask a follow up question to that. What was wrong with rugby league?

Oh, you know, if you were rugby union, you know, it was quite a different activity.
And it was professional, right, so I mean it was a different – it was a different area, as
it were, of activity. I mean now the things are all merging so it’s different but it was
quite a different activity in those days.

Hmm. And you mentioned turning up for RAG day as well.

Oh, yes.

Could you tell me a bit more about this? It seems to have made an impact.
Well, at RAG day all the – each hall put in a float, you see, and our float I think at that
time was a – was a medical float with a body on a stretcher, you know, on the thing,
and I was one of the people standing around in white coat with a stethoscope round
my neck [laughs]. And of course there was a procession of this through the city and
people out collecting – with collecting boxes to collect money. But also during the
day there was cheap beer available, you see, for all concerned. So, yeah, a very social
activity and there was a RAG ball and all the rest of it so, you know, it was quite an
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event. So, yes, so that was a completely new experience for me ‘cause I’d never
really seen anything like that before at all.

[12:00]

What else did social life consist of for you at the university? So you were doing the
sport and you’ve got the RAG ball, the girlfriend. What else was there?
Er … well, in the holidays we tended to go away as groups to things like the YHA.
So, you know, we went walking round the Lake District one year. Another year we
went cycling around Devon and Cornwall, and of course that was quite an interesting
activity. And of course you’d get the odd accident and the odd incident and dealing
with different situations, you know. So, for example, the first year when we went to
the Lake District, my wife – well, my girlfriend, invited some of her friends from
Canada – had invited some of her friends from Canada over to join us on the walk
around the Lake District, so there were a few of those with us at the time, so that was
quite nice, meeting overseas people and, you know, different experience, yeah.

Were there many overseas people at university then?
There were, you know, a selection of overseas people but of course the other – the
other contingent that was at the university at that time were all the ex-servicemen who
had qualified and been allowed to come back, so there were quite a lot of mature
students. And in a sense that made quite a difference in the subject areas because all
the mature students were much keener to work and get a good result than an immature
student like me who was only seventeen and a half, do you understand, and had not
been through the sort of experience that they’d had. So the competition became
stiffer, if you like.

What was a typical day like at university then?

A typical day was pretty busy. I mean things like I remember a Monday was always
five lectures, right. A Tuesday was always a lecture followed by lab all day. A
Wednesday was about three lectures but it was a sports afternoon. A Thursday was a
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repeat of Tuesday, one lecture, all the rest of the day lab. And Friday was about four
lectures again, so there were a lot of lectures, hmm, and a lot of work to do.

Hmm, and did you have much outside work to do as well as the classes?
… There was no real other activity, there was no outside work that I recall of any
sense. The only work that was different was when you got to the third year you did a
sort of project, you know, which involved much more decisions yourself. You know,
in the practical lab you went in to do a particular experiment which in some extent
was defined but which you had to comment on at the end to say what were the
problems, you know, and what was the – you know, what was the accuracy and did it
achieve reasonably and all this sort of thing. But your project was a much more
comprehensive thing which went on from week to week and you had to – you had to
make the progress and write up a report on it, and then you had to give a lecture on it
at the end.
Hmm. But apart from that, most of the assessment then was exam based or –?

It was exam based, yes.
Could you –?
And the assessments really – there was the end of the first year when you had to pass
all your exams or you were then recruited for National Service. What I hadn’t
realised was you had to notify them that you’d passed all the exams. So what
happened to me was I passed all my exams and not notified them, and then I got a
demand to go for a medical, you see. So I couldn’t get out, I had to go for a medical
exam, I passed it A1 [laughs] but fortunately they listened to my pleas that it was an
oversight on my part, for which I apologised, and that I had passed, and so they did
exempt me again from going in the forces. And then when I came to do research of
course, having finished your degree, they then look at what you’re going to do and of
course some of my friends had to go as Bevin boys down mines, right. Now I was
fortunate in being accepted to do research, I was exempt, and provided I notified them
if there was any change in the activity, right, so I’ve a whole series of letters which
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show was has been going on, right, but I was exempt and I was exempt for the time I
was doing research. But it was only two years, it was only my year and the next year
which they allowed that exemption to actually take place. After that you couldn’t be
exempt any more, so I was really very lucky.

They would have sent you down the mines anyway with a degree at this point.

Exactly, yes. Yes, I mean one of my friends particularly, one is the man who lived
next door but one, er, went as a Bevin boy having done his degree.

[18:00]

Hmm. Could you tell me a bit more about the teaching at Manchester? You
mentioned two types of classes, the lectures and the labs.

Yes.

Can we cover both of those in turn?
Yeah, the lectures were, er, fifty minutes’ duration. Clearly they were all on different
subjects, right, they were related to physics. I mean, you know, they were optics or
atomic physics or different aspects, you know, erm, gravity, gravitational, right, a
whole series of different topics, right, electrical. And this is where I started to become
interested in electronics. In the second year we had to do an electronics course and
then I really became interested in electronics. But when I went there I had noticed
that in the basement of the physics department there were two computers but these
were analogue computers, and these were computers that had been used during the
war to help, you know, with the Ministry of Supply in which I think people from NPL
had been seconded to work in Manchester on these. So I noticed this activity there in
the basement because we used to walk across to the main buildings through a tunnel
which came up past this laboratory in the basement, and the tunnel took us to the
physics – to the maths lectures in the maths building, right. So we went to a different
building for maths, okay. There was the physics which were all in the one building
and then in the first year I had to do a chemist – I had to pass chemistry as well, and
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that was in a different building again. These were all what I would say standard
lectures, with some like chemistry there were occasionally some demonstrations. For
example, when they were doing hydrogen they would demonstrate that if you filled
the thing – a flask with hydrogen and then left it exposed to the air, there was
sufficient oxygen there for it to actually explode when you put it near light ‘cause it
would make a huge bang you see. And so there were the odd demonstrations in
chemistry and there were different – in chemistry you had to sit in a particular seat
which had a number at the back. And one of the technicians came in at the start of the
lecture and he noted all the numbers that were empty, okay, and that was your
attendance. In some lectures they didn’t bother at all, mostly in physics the form
master didn’t bother at all with checking attendance. Later when I was doing my PhD
and I attended lectures on history as a – as a broadening experience, which were by
Professor Namier who was quite a knowledgeable man in history, he actually
personally used to call all your names out, which I found rather a waste of time
‘cause, you know, this took at least ten minutes of the lecture which you were
supposed to be going to listen to. So the way things ran were completely different, er,
but the standard lecture writing with the, you know, chalk on blackboards at that state,
no handouts. Only – if there were handouts, say for mathematics, there would be
problems to do, right, there was nothing which related – which told you any
information.

Hmm. Did you have to do much reading outside of lectures then as well?

Oh, always, there were always books associated with the lectures. In, for example,
the atomics physics lectures the book was by the lecturer himself, Professor Tolansky,
right. You went – you dealt with his book. With other people you’d just used, you
know, sub-standard text or other. There was always – there were always a certain
amount of books that really it was sensible to buy because you really needed them by
you. In principle there was access to some of these in the main university library but
of course not enough for everybody who wanted them at the same instant. The
practical courses, you just went into the laboratory, you were given an experiment to
do and you went through the procedure of using the instrument or whatever it was to
do the measurement and the – and then you had to present a report on – with the
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results and comments on the – what you’d done. But I mean that used to last from ten
o’clock till at least 4:30pm every day, hmm, so you were pretty busy.
Could you give me an example of one of the sorts of experiments you’d do in one of
these practical sessions?
It’s a bit – it’s a bit much to remember the physics example at this stage because it’s a
long time since I’ve done physics [both laugh].

I was just wondering if there were any that stuck particularly in your mind for any
reason.
No, they were all pretty standard but you, er, did things like, er … well, you did things
like use particular things like a spectrometer or something to just make yourself
familiar with what the instrument was, hmm, and enable you to use it. Erm … I mean
in other cases, if you’re talking about electronics, I mean the thing is you actually
build a circuit yourself with components and make it work, okay. So, you know, if it
was an amplifier with a gain of ten unless you had to design it, okay, and make it
work with the components that you were given, and so you had to choose resistance
types and this sort of thing and the valve you were going to use, okay, and get on with
the job.

[24:30]

What sort of other instruments did you use in practical sessions?
Well, you’re all with teles – I mean on the optical side you were involved with
telescopes and, you know, er, mirrors okay, and things like that. On the, erm …
probably you also did experiments with things like pendulums and things, finding the
period, and working out things with regard to that. On, er … magnetics, you know,
you would find the problem of creating the magnetic field and actually finding out
what the effect of an air gap in the magnetic circuit was and all that sort of a thing,
you know. So you just covered various aspects of the thing like that.
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Hmm, right. What was the teaching like? Let me rephrase that question actually.
?Were there any lecturers you remember in particular

Yeah, I think Professor Tolansky was very good. I mentioned that he did atomic
physics but he also did optics. And one day he came dashing into his lecture to say,
‘I’ve got fringes as big as cartwheels’ and these are interference fringes, you know,
from – and that was his latest thing that he got onto and so these sort of enthusiasms
came through to you really. Somebody was excited about what he’d observed, you
know, that was – that was one thing. Er, there were other lectures where you
experienced difficulties in getting the notes down off the blackboard because the
writing wasn’t good or they obscured it all the time. There were, er … other people
I’ve said where you were not sure where the flow – the thing flowed logically, where
in fact you would really need to go over it again yourself to actually, you know, link
things together but it often wasn’t possible to link it. Just in one lecture you often
needed to link of several lectures, and that was much more difficult. But I mean
generally speaking I wouldn’t complain about the lectures, they certainly all took
place on time and, you know, a full lecture was given. There was the odd occasion,
we had a thermo-dynamics lecturer I remember who was very fond of a liquid lunch
and so he was always a few minutes late back for his afternoon lecture but he did
always make it and he did always give his lecture, yes [both laugh].
I think you mentioned earlier that you’d been lectured by FC Williams.

Yeah.

[27:45]

Was that when you were still doing physics or did that come later?

Oh, no, it was in my third year of a physics degree. You could opt in the third year to
take – to specialise in a particular area, and I’d opted to specialise in electronics which
physics didn’t regard too highly because it was outside their jurisdiction, okay. But it
happened to be the first year’s lectures that FC Williams had given when he arrived at
the university. Now he’d arrived from a place, TRE, where he dealt with things on a
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 51
C1379/11 Track 2

wartime footing, so obviously things had to be communicated at great speed and done
with maximum efficiency. And he did his lectures in this way, so that a board full of
the material was written up by this chief technician half an hour before the lecture
started, it was prepared in that time. And then when the lecture started FC, as I called
him, used to go through the lecture and what was on the board. But worse than that
from a student point of view, he then used to rub out odd components and change the
section of the wave forms in each case to note what the effect of that was. So you
could proceed from something which was a completely static two stable device, it
could operate in one state or another, to something which was stable in one state but
produced a pulse out when you integrated it. Or it could produce something which
was astable which would go on running as an oscillator. And he went through all
these three steps, one after the other, without re-drawing the whole circuit you see, but
only bits of it. So this meant that as a student you had to be prepared to note the
changes that were made and update them later. Now I particularly found the lectures
inspiring, first of all because he was covering detailed design of really useful material,
and secondly he not only was drawing it on the board, he was demonstrating it
visually with an apparatus that he’d built to do it. So he’d actually go through the
actual design of a circuit and then show you it operating in practice, and I found that
very interesting as well. And occasionally of course he used to get an electric shock
because he was kind of showing the different waveforms, he would immediately put
his finger on one of the signals that he was looking at.

[laughs] He did he demonstrate this apparatus then?
Well, he just – I mean the apparatus was at the side of the bench, right, and he just
came around and stood at the side looking at the audience and then said, ‘Now, if you
regard the, you know, first point of the circuit here, you look at this anode and this
valve. Now that’s the waveform over here on the board, and now look at it here’ and
he’d clip the – a wire from this display which he had on, and that would display the
same waveform across the screen.

Oh, it was a cathode ray tube display then?
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Yes, it was a cathode ray tube display but it was one he’d built with rather large radar
tubes. So it wasn’t just a small six inch screen, it was something like twelve or
fourteen inches. And in these days, compared with our flat screens it’s really very
small but, you know, it was the best you could do in those days but he built it
specially to demonstrate to the class. So, you know, I felt he’s really put himself out
to do the job, but of course there was no copy of the circuit or copy of the waveforms
given out ‘cause there was no means of copying it efficiently, hmm. And so you
didn’t get any data handed out and, you know, in current terms I suspect that his
lectures wouldn’t be regarded as acceptable by the – you know, the status – by the
people in charge, but I found them very exhilarating.

Hmm. How do you keep up with a learning curve that sounds very steep like this?

Well, you can keep up with one set of lectures like that but you just have to hope that
you’ve not got too many sets which are in the same position. But I must say I found it
nice to have one set of lectures, you know, which were really going somewhere.

[32:20]

Hmm. So you moved on to electronics as an option in your third year then.

Yeah.
What, was it a compulsory option or –?
No, no, it was – I mean it was an option. No, I could have done something in physics,
something different in physics, but it was an option that was outside the physics
department because it was in the electro-technics department, which happened to be
next door to the physics but – so it was convenient to get to but it was a – it was quite
separate. You still had a few lectures in physics, right, but this set of lectures and
practicals was completely different, so all the project was done in electronics, for
example.

Why did you opt to do electronics?
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Well, I just got interested in the design in the second year lectures really, and I felt
this was something which was – I mean something which was of coming importance,
right. And I mean as it turned – I mean it didn’t expect to have FC Williams at that –
I didn’t know anything about that but it was one of the best things that happened to
me, if you like, because I really got fantastic up to date information, up to date – it
was unique because the techniques that FC Williams used were not similar to what
was used elsewhere in the country or particularly in the States. He was putting
forward a particular form of digital electronics and he wrote these up in a journal in
the States, it was the MIT, I think it was called The Six Foot Shelf or something, there
were about forty volumes. One was called Waveforms and FC Williams contributed a
chapter in that. And the other thing was called Time Basis I think or – and he
contributed another chapter in that, so the essence of his lectures were really from
these – from these chapters.
What was distinct about FC Williams’ approach to electronics?
What did –?

What was distinct about it? What characterised his approach?

Well, the first thing is that FC always said you should be able to design things on the
back of an envelope, things that work. Now previously if you were interested in
electronics they said you required green fingers, it’s a bit like gardening. But FC’s
view was you could design things on the back of an envelope, right, and he did this.
Er, the other thing was the nature of his circuits required to use what we call as
voltage definition. That is you define one level of a digital signal with the valve itself,
and you define the other level by catching that level with a diode to fix it, which is
another valve, right. So you defined the voltage you were generating in a particular
way and there were some advantages, there were some useful advantages in doing
this. The techniques used by the Americans was to do what they called current
definition. You defined what the current was, and then by putting that into a resistor
you always – if you went between nought in a particular current you produced
between no volts and some volts across the resistor.
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Hmm.

Now the advantage of the American technique was they were able to produce what
they called a double triode, which was two valves in one envelope, so it was a bit
more compact than Williams’ was, right. But all their designs were essentially double
triodes and current definition. Er, Williams’ designs concentrated on what were
called bottomed valves and catching diodes, right, and this was voltage definition.
This had some speed advantages and it also was nice and easy to design, erm, and as I
say it was fairly unique to Williams at that stage, it was a technique that he’d
developed during the war and put forward as a basis for design work. Now this didn’t
get rid of, of course, linear electronics, okay, which was, you know, additional or
other forms of electronics using solar mechanisms but it – from a digital point of view
it was incredibly useful. Now the other thing you must remember is that at this stage
digital electronics was almost a dirty word, right. Even in the industry it was so new,
right, that people hadn’t got acclimatised to its use or potential, I don’t think even the
digital people had realised the potential of it. But of course today everything is
digital, there’s digital radio, digital television, you understand, but in those days all
that was analogue technique. And so it was a new electronics which hadn’t really
been accepted widely, right, but looked very interesting.

[37:50]

So there was a sort of clash then between digital and analogue electronics.

It was, yes, yes.

Can you tell me a bit more about that? I mean what was the argument for analogue
electronics ‘cause digital seems so much better.
Well, it’s only become better with evidence through the years –

Yeah.
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Right. Analogue was – I mean analogue was the original technique, right, and those
were the techniques that were being presented. Now digital techniques really
happened I think because of radar because you wanted to send, you know, a short
pulse of energy out, you know, to hit an aircraft and get a reflection back, do you
understand? So you wanted to be able to send a short interval of activity. You then
wanted to be able to measure time and come back and pick the signal up and do
something with it, right. So I think radar was implicit in requiring the generate – you
know, the digital circuitry generation, erm, and that started it off. Now there were
other activities like counting – obviously, you know, if you’re counting then you can
count in digital. Counting in analogue is in a sense much more difficult ‘cause you
have to convert your analogue signal, somehow you have to take a reference to say in
this case it’s bigger than a certain amount so the digits altered. Now all I can do is to
quote a reference from a project we did where we were actually measuring the
movement of some circles, right. Now if somebody was using a digital analogue
signal on this and, you know, in practice people found that they required an engineer
in at least once a week to correct this discrimination on how many – how many of
these analogue signals had passed ‘cause the – it wasn’t accurate enough, right.
Whereas when you did it digitally, you know, you were just specifically counting one
or subtracting one, and so it was quite clear what was going on. When we made the
difference in the equipment, the instrument, that was being used, they went from a
system where, you know, every week we needed to have an engineer in to fix the
thing, to a position where you could run it over the weekend, twenty-four hours, to
actually do all the measurements. Not only that, you could have a system which
actually reset the position every so often and you could check that your first couple of
results were being reproduced, starting to be reproduced, and then go on to continue
where you’d left off. So you’d not – you could not only do that, you could check that
it was actually – you could reset it to say, are we still right, and it would say yes,
you’re still right. Then you could go on, you see, from where you’d left off. So there
were two important aspects to it, so this was the sort of difference which digital
techniques brought about. Now there is a difference, if you think about mobile
phones, mobile phones on analogue, when you go into a bad area, it might get a bit
weaker or something but when it comes back again it’s still there, right. But if you go
into digital and you lose the signal, then it’s gone. So if you like, there are some
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advantages and disadvantages but overall of course these days it’s really a digital
world.
Hmm. Did FC Williams ever talk about the work he’d actually worked on at TRE?
… He never discussed it with me at all. I mean in a sense, if you asked Tom Kilburn
and FC what happened in Bletchley Park, they would say, ‘We’re being honest Dai,
we do not actually know anything about it. I was told the sort of thing that was going
on,’ FC said, ‘but I didn’t know any of the detailed work at all,’ and Tom would say
the same, right. Tom has described flying in an aircraft over Canada with what was
called a variac, which is a variable transformer, where – I mentioned the transformer,
you can adjust the turns to adjust the voltage out. Well, because the equipment was
unreliable, right, he had a variac under his seat and he could adjust this to keep the
equipment operating. And so you could tell the state it was in, a bit dicey, and he
describes flying over Canada with some particular equipment where this was the
accepted means of at least doing the tests, okay. Well, it certainly – well, I mean they
certainly wouldn’t say it was satisfactory, it was obviously going to be improved, but
in order to do the tests on a specific time, so this was the emphasis of getting things
done, do you understand? Hmm.

Hmm. So when you were a student being taught by FC Williams did you know that
he’d been at TRE and –?
We knew he’d been at TRE and we knew that he’d written these chapters, right, in his
books, but – but I mean his lectures, you were just given from whatever notes, you
know, he had himself, there was no text – there was no text book as such for those.
But I mean one of the things that FC did was he always gave interesting names to
circuits. Now when you’re counting with digital you can count, you know, in a digital
manner, so you can count from one to ten or you can count from nought to one, right,
do you understand, in binary and go on from there. But he actually invented some
analogue – he invented some analogue counters where if you wanted to count thirteen,
you could count thirteen, right, but it was a combination of analogue and digital. And
he called these circuits things like Phantastron and Sanatron, okay. So he had an
interesting sort of way of describing his circuits.
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[44:40]

Well, what was he like as a person?

Oh, he was a very nice person. I mean, for example, we were employed as research
students in his department and the Cambridge conference – the Cambridge conference
was on, er – in computing was on in June ‘49, okay, and for example he drove us
down in his car to the conference, right, so avoiding us that expense and things, hmm.
So, you know, he was very – very generous like that. His interests were also very
wide, you know, he had – he took an interest in jet aircraft engines and he nearly set
the department on fire. He took an interest in variable speed induction machines
which Eric Laithwaite was another advocate of, and they worked together on this,
right. He designed – he made a new sort of gearbox for a car, right, and at one stage
he was interested in – he was interested in measuring the amount of petrol his car used
to economise on petrol use. And he said to me, ‘Dai,’ you know, ‘use these new
transistors to build me a counter to measure the clicks on my electric petrol pump.’
So I did – I designed him, you know, a thing which he installed in his car to measure
this. So, you know, a wide variety of interests and things, which was ideal really in a
head of department, you know, for stimulating interest around the place really.

Hmm. What was his management style like?

He was very astute when he came to recruiting people, I found in later years, right, he
could put – you know, if somebody was flannelling at an interview he could put his
finger right on the spot. Somebody came, I remember, for a job which related to
communications, right, and this fellow came and did a presentation, he had a
document which described what he’d done in his communication system and it was
described quite elaborately. But FC’s first question was, ‘This seems to be like a
telephone system,’ you know, ‘why is it different from a telephone system?’ And the
man had great difficulty in explaining that it was significantly different from a
telephone system. And so that was the end of FC as far as FC was concerned, you
know, he didn’t want to know any more. So he was very astute at recruiting people,
er … and he always did what he said he’d do, you know, he was – he was very
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genuine like that, you know. If you had his support you had his support, if you didn’t
have his support you knew you didn’t have it, hmm, so he was very genuine and
straightforward like that. If you did some work in connection with the project, he
would always give you credit for it, he never assumed that he could write it up as his
own, you know, right. Er, so he was very generous in his acceptance of what other
people had contributed, and I think this comes through in later life after he’d done this
work on computers and it was way behind him, he was interviewed by various people
and of course they asked about Turing – you know, what Turing and Newman had
contributed. And he would make a generous comment like he knew nothing about
computers and Newman and Turing had explained to him about there were addresses
which did, you know, this, that and the other, and so they were very helpful. But, you
know, his article in the first Royal Society paper actually said all that – you know,
referred to these addresses and all that approach, so it’s actually down in black and
white. And the actual contact and contribution that Newman made, I think was very
limited but very specific and very direct, certainly in the first instance. I think when
the thing took off with Williams I think Newman was happy to resign his interest
because his real interest was in getting something set up to allow people to use, but I
would say he didn’t seem to be really interested in using it himself. He wasn’t one of
the desperate users, think he was very keen to get it arranged but not to actually use it
himself.

You mentioned something a few minutes ago which I have to go back and ask. You
said FC Williams nearly set the laboratories on fire with a jet engine experiment.

Yeah.

What happened?
Well, he had some ideas related to a jet engine and in the – in the mechanical
workshop he’d built some system up which approximated to a jet engine and he was
running this in a room, in a basement, in the building. And, er … unfortunately – I
mean it had petrol and things down in this room or whatever – some other fuel, it
might have been alcohol for all I know but it had a fuel down there and of course
unfortunately it got alight and it expanded, and so he had to rapidly evacuate the room
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and call the fire brigade. And the first thing was the firemen came with a big axe and
there was only a window to this room at sort of floor level, but of course being at floor
level it was reinforced, and so when he swung his axe at this thing and it hit the frame,
the top of the axe head came off, so it wasn’t exactly too successful in the first
instance. So I remember all this going on ‘cause then of course when the fire brigade
was called and the building was evacuated, you see, till things could be sorted out but
that – that was the occasion.

[51:00]
[laughs] I’ve got a few other bits and pieces, you mentioned along – I should pick up
a few points here really. You mentioned analogue computers at Manchester as well.
Was this something you were aware of when you were an undergraduate just
starting?

To be honest, no. When I arrived at the university and went to the physics department
I became aware of these – I became aware of this room where these computers were
installed fairly early on, and I got to know that these were differential analysers, right.
And of course I had heard of the name Hartree and his name being associated with
these. Now it was only after this, you know, really well into my membership of, you
know, the department as a member of staff and things, that I became interested in just
looking at what this analogue situation really was. And so I drafted out this timeline
of the – of the activity, and of course this relates to the fact that the invention was – of
the differential analyser really occurred in the UK but that Vannevar Bush in the
States had managed to make a realistic, practical implementation of this, and that
Hartree who was a user if you like with some particular problem, thought that this
might be useful to him and went to the States and used it over there for a time and
Bush was very helpful in saying to him he could have the design. So, if you like,
there was international cooperation to share the design, and when Hartree came back
he looked for money to get such a machine built but he also decided to build it out of
Meccano. So he personally saw to the building of a Meccano differential analyser,
okay, which was used seriously and he also got money to actually finance with
MetroVickers the construction of a more accurate and properly made analogue
computer. And now this was installed early on, like 1935 or something, in the
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university and the university computer service was set up to use it. So, if you like, the
university had got used to setting up a computing service for people, then during the
war this was taken over, at least the operation in a sense was taken over by the
Ministry of Supply so that they could use it for war work. And I think there is a
monograph on this, which I put in my thing which Hartree produced, related to the
work that had been done during the war. And then of course it disappeared off to the
NPL who were trying to set up a national computing centre and it disappeared off
there, and then I think it went somewhere else. And now we have some bits back at
the university and at the Science Museum in Manchester, okay. So that’s the – that’s
the analogue situation. I just felt it was quite interesting because FC Williams had
produced an input device for this analogue computer whilst he was a member of staff
in electro-technics early on his career –

Ah right.
And he’d written this – the paper with Blackett, okay. That was one interesting fact.
The other interesting fact that Wilkes had come to see this machine operation and it
said, if you’re interested in analogue computing you shouldn’t mind getting your
hands dirty, ‘cause it meant moving a lot of oily gear wheels along shafts and things,
okay. So it’s quite interesting that Wilkes and FC had already had contact with the
analogue computer scene, and so I felt this was quite a useful – you know, it’s an
interesting thing to realise they’d come back into the digital world.
Hmm, hmm. Did you actually know Hartree at all later on or –?

No, not really, no.

When did you first become aware that there were these things called computers?
When I started, you know, on the 13th of September when I came to the university.

Is this as a postgraduate then?

When I came as a postgraduate, yeah, that was 1948, September 1948.
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And you hadn’t heard anything up until this point or …?

Nothing really until that point at all, no.

We should probably go back just one step and just finish off your undergraduate days
really. How did your degree go? How well did you do?

Badly.

Really?

Yeah. I got firsts in all my electronics exams but I did badly in my physics exams,
right. So in my specialisation I did very well, in my physics exams I did badly, and so
they interviewed me, er, but they only interviewed me – I don’t think they believed
the electronics marks but they only interviewed me on the physics papers that I’d
failed – no I’d not failed but I’d done badly in. And of course I still did badly on
interview ‘cause I would have been – I would have actually still not been interested in
going over the physics, so I got a 2:2, right. I mean the problem was that we had
exams in the first year when I went as an undergraduate and I passed those without
any problem. In the second year we had exams in the January, that was after the
Christmas vacation, and I came home for that Christmas in January and worked quite
hard and I got first class in all my exams except maths, which was a 2:1, which I was
a bit cross about. But there were fairly few people who’d done that, right, and I felt
very confident and that was no problem. As I said, I passed the second year fine and I
went into the third year and I didn’t work as hard as I should have done, is the answer
to that. So I did have a job persuading FC Williams that he should take me on but I’d
done so well in his papers that he couldn’t really – couldn’t really fault it, you see.

[58:40]
One of the interesting things is that I’d just become a student – just become a research
student with FC Williams and, er … the secretary came down and said the professor
wants to see you in his office. So I said, ‘Oh, dear, what’s the trouble?’ She said,
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‘Oh, he’s got somebody from physics with him.’ So I went up and there was one of
my previous teachers there, Dr Braddick who was quite a senior man in physics, and
FC said, ‘Oh, you’ll know Dai of course’ and he says, ‘oh, yes, yes’ looking very
unhelp – looking very distraught. And he says, ‘Now, Dr Braddick has built some
equipment for Jodrell Bank and he’s having some trouble with it, so I want you to go
and sort him out.’ So I said, oh, yes, yes. So now he described what the problem is,
he says, but you know, ‘He’s come to ask me’ he says, ‘but I’m not going to do it.
You just sort him out Dai.’ So anyway, what this was, they had to build a clock, a
digital clock for Jodrell Bank with accuracy down to, you know, milliseconds or, you
know, even microseconds perhaps, I can’t remember the precise details, but they had
to build something they could measure time down to quite small values. And they
built a set of counters and they had a huge quartz crystal to start off the process and
count down from this, you see. So I went up, and Dr Braddick, I went with Dr
Braddick to his room and looked at this equipment. It was all basically built on a
frame and he said – then he says, you know, ‘We’re having terrible trouble. It’s very
unreliable, you know. We look at things and it changes and it doesn’t stay constant
and having terrible trouble.’ And of course part of the problem in those days was
getting a suitable monitor to look at the devices anyway, so we managed to get
something sensible and we had a good look at a few things. And, er, I looked at it and
within a very short time I said to him, ‘I know what the trouble is,’ and he looked at
me absolutely shattered. And I said, ‘It’s all oscillating’ and I said, ‘the reason it’s
oscillating – and that’s why when you put your hand on something it all changes’ I
said, ‘because you damp the oscillation as you touch it.’ And I said, ‘It’s so high in
oscillation that you won’t actually see it, on this – on these monitors that we’ve got.
And that’s why you’re having trouble identifying what it is.’ But I said, ‘The real
problem is that you’ve built all these circuits without putting resistance stoppers in the
valve base.’ Now when you put valves in they go into a base, there are lots of pins.
Now to isolate the capacity of the components in the valve from the rest of the wires,
okay and the conductors, you have to put in the anode and the grid of the valve what
are called stopper resistances. These were something like fifteen ohms, right, and you
have to wire these in close to the valve base and then you connect your wires to it.
Now if you do that you have no problems, but he hadn’t done it on any of the valves,
you see. And so I said, you’ve got to do, you know, ‘That’s your problem, that’s what
you’ve got to do.’ So that fixed it in fact, so I did actually solve the problem for him,
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you know, with no problem, with no difficulty, so I felt quite pleased about it and I
think in the end he felt quite pleased as well. But because – I did get invited back, I
used to – I mean part of my lectures was to lecture to physics students, and by that
time the department was in the nineties so, you know, I was lecturing ninety
physicists, right, on electronics and, er, I did get invited back as part of the
interviewing committee for when we were interviewing these students for various
reasons, so they obviously came round.

[1:02:55]

How big was your year when you were a student then, or an undergraduate student?
Oh, I’d say about thirty.
Did you have any sort of – what did you think would happen when you finished your
degree? Did you want to go on to research, did you want to look for a job
somewhere, did you –?
No, one thing I was convinced I wasn’t going to do – in those days in engineering it
was normal practice to do an apprenticeship for a firm, and I’d been round to a few
firms and looked at things and I found that really most apprentices who – on this
graduate basis, graduate apprentices, said, well, they had very little interest in going to
the furnace or going to the – you know, to this area or that area ‘cause it wasn’t – they
wanted to do electronics, and so they found it absolutely a waste of time, is what they
said to me. And of course you were paid no money practically whilst you were doing
this, so I was convinced I didn’t want an apprenticeship, which actually made it
difficult to get accepted by the – you know, by the electrical engineering society as a
qualified engineer. But I said I’m not going to do that, I was convinced I was not
going to do that, and so I got quite interested in doing research and basically I felt –
my trouble was I felt I could get a first class degree if I tried, but I didn’t try, and that
was the first experience that I hadn’t really tried, and so I regarded it as a complete
blot. So my aim was to correct that situation by getting an MSc, and I did my MSc,
and I got my MSc in the following year in the December, which means I submitted it
in the September, which is – which is a year, you see, after I’d finished. So I was
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convinced that that’s what I should do. Now my colleague, Tommy Thomas who
came from South Wales, who didn’t get a state bursary to go, right, but I was very
friendly with and we travelled up and down together, he came to do research but he –
and he did physics, right. He got a first class degree and we worked together
afterwards, and I never felt myself really at a disadvantage, if you like, compared with
him. You know, when we made a – a decision about something I felt often – you
know, I was right as he was right on odd occasions, right. So I never felt myself at a
disadvantage, so I felt that I was really worthy of a better degree, right, and I did my
MSc and I’ve never felt at a disadvantage since.

Hmm.

So I feel that there are a few people who for some reason get a 2:2 but if you look at
government policy, or policy in lots of industries, they won’t look at you unless
you’ve got a one or a 2:1 now. Now I mean I can understand this, you know, in terms
of – well, I mean what everybody’s doing is pushing people up into these areas to get
jobs, but I mean it’s a disaster from people, you know, in the lower quality
universities to give people ones or 2:1s because, you know, they’re just not capable,
and they are really not capable either. I mean some people only do three or four
lectures a week. I mean how can you be, you know, on the same basis when that’s the
– that’s the situation? So, as I say, I did badly, I got a 2:2. I kept it very quiet, as
quiet as I could, and I’ve never had a problem ever since.

[1:06:50]

[laughs] What did your parents think about you going to university?
Oh, my parents were very pleased that I’d gone to university and they were very
satisfied with my performance in getting there ‘cause it’d mean they had less, you
know, responsibility. So I think my parents had been very supportive really of, you
know, all of my activity ever since really.
So you decided to go back to do the MSc –
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Yeah.
And this was before or after you’d actually finished your undergrad?
Well I think – I think you have to say to people that you’re interested in stopping on at
university before your exams even.

Right, okay.
So the thing occurred during the course and probably during the project, ‘cause we
had to give lectures on the project and that was reasonably well received and things.
And so the – so the thing was being set up before the exams. Then after the exams
you’re asked the question, are you still wanting to go ahead. Now there’s a problem, I
wasn’t eligible for a science research grant, right, which my friend got, Tommy
Thomas got the science research grant, I had to go back – I had to go to Glamorgan to
say will you let me have my grant to do an MSc, and they said yes. So, you know, I
was very pleased with this, and that’s what I did. And because it only lasted a year
but I didn’t get my MSc until the Christmas, and I was appointed as an assistant
lecturer on December 25th, as you were appointed on quarter days, you see, right. So I
had three months of essentially no grant but the university coughed up the grant for
that period for me.
Hmm. So when you went off to start the MSc, did you know what you’d be doing?
No, we didn’t even know there was computing.

When did you discover what you were doing?
That was – I mean the first day we arrived. What they said is, well, you need to look
around the department. You go with Tom Kilburn, you know, you come with me
upstairs to look at this and, you know, very rapidly that gelled as something firm.

So you just ended up involved in computing by accident then?
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Well, it was yes, essentially by accident. It was more by good luck than management
really.

[laughs] So when did you first discover that computers existed? Can you talk me
through the process?

Well, we arrived in the department. We turned up and I was introduced to Tom
Kilburn who said he was doing his PhD and he was writing this work and he was
doing this memory work. And I think he described to me very simply what a digital
computer was, which was just I mean basically a memory, a control and an arithmetic
unit, so he described it in very simple terms and said this is how it works. You’ll find
this is my thesis, you know, you’ll read that about – you know, just have a read and
see how you get on. And he said, whilst you’re at it of course check my spelling and,
you know, just error corrections in it. ‘Cause clearly everything had to go through a
typist in those days, so if you didn’t get it right, you know, it was a bit embarrassing
‘cause you had to ask the secretary to retype and of course you had to use carbon
paper to produce copies so, you know, it was really quite difficult. So that’s how I
started into computing, if you like. And then of course, er, just through general chat
and things we became aware of Babbage and the fact that there was something going
on at the Moore School but there wasn’t any information. And when we tried – you
know, we wanted to read anything we could. I mean Tommy was doing magnetic
recording on a disc, so we wanted to know about magnetic recording, so we went to
the library and got information on wire – recording on wires and information about
magnetics and all the rest of the thing. But roughly speaking, all that proved to be
fairly useless, right, and what we discovered was we’re much better getting on
directly with what we were stuck with. And certainly that was true for the first six
months, I would say.

[1:11:40]
There wasn’t much literature at all to help you at this point then?

No, no.
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Can you tell me a bit more about Tommy Thomas?
Yeah, Tommy was from South Wales. Er, I don’t think he was on a state bursary at
all, right, I imagine he went on the Glamorgan scholarship to come to uni. He went to
Hulme Hall and he – but only after a bit. He had to take some digs initially, and at the
digs he got dysentery, so – yeah, so he was off work for – you know, for a period
whilst this happened. Er, and he had the same sort of existence in Hulme Hall as I
had in – but he played rugby as well and we sort of played one another in the Hulme
Hall, St Anselm Hall match, and things like this. He happened to be interested in
electronics like I was, so we both specialised in this area and we both travelled up and
down, you know, on the train from Cardiff together, so we became quite good friends.
And when we – when we became research students together and then became
members of staff together, we then bought motorbikes together and we went on to a
holiday to Ireland together and this sort of thing. So we became very good friends
really and, as I say, we’re still in contact.

Hmm. Were you and him both started off on the same day as well?

Absolutely, yeah.

But what about when Tom Kilburn first told you about the computer it sounded very
much like it was still at the level where it was the memory project rather than being a
computer project.
Well, I think in his terms it was a memory project, ‘cause the difficulty is this. With –
the problem had been making – the real key issue as far as computing concerned was
making a memory that was reliably reliable at high speed and that you could store
both numbers and instructions in, okay. Now – then there was the relation between
random access and serial access, which the delay line was. Now the delay line wasn’t
working either in that stage, so there was no memory for a computer. So whether it
was talking about a programmed computer, they just didn’t exist. Now as far as Tom
Kilburn was concerned they’d gone from being able to store one bit, right, to being
able to store 1024 bits on a CRT in a year’s work, right. But it was only stored
statically, that is you could say, have the word CRT image and you could store that
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and it would keep that. But the problem in a computer is that you’re actually
changing the information at a very rapid rate. Now the problem is that when you –
under certain circumstances when you write a nought or a one, or a one and a nought,
instead of a balanced waveform you get an asymmetric waveform. So when you get a
signal, if you’re doing a lot of that writing at very high speed, the level of the signal’s
going to alter because it becomes unbalanced. So if you’ve got – if it’s an AC
coupling the level will move up, you see. And if you do a lot of it, it’ll move up a lot,
right. And so what we wanted to ensure, that the techniques we had for handling this
unbalance in the waveforms was sufficient to not cause any problems at all, so that
was the key issue. And to do that you had to operate the memory at full speed and
change things. This required therefore to operate like a small compute – like a
computer would operate, and so you needed to make a small computer really. And so
what Tom was interested in doing was building the simplest possible computer that
you could make. So with the minimum of instructions to actually be able to run a
program, the simplest problem but one that was producing lots of changes, and would
run through these things for some time. So that was the – that was the reason for
building the Baby as it was proposed, and that was the activity that had been going on
until I arrived when the thing had started changing. I think it was October when it
positively changed, that Ferranti took a positive interest, right, but it was looking
promising to change and they had started thinking of how to expand the Baby and
things like that. So there were some chassis built to actually do the thing but they
hadn’t been actually inserted in the machine. So some of the first jobs you had was to
actually take these chassis, show that they worked, and install them in things.
Hmm, hmm. So when you arrived then, the Baby was complete and they were just –
Well, the Baby had been operating since June, you see, but we didn’t get there till
September. Tom always took August off as a month’s holiday, right, what is normal
procedure to sort of deal with family situations but also I think review the work that
had been done during the year, hmm, but he always did that as long as I knew him.

Do you remember when you first actually saw the Manchester computer, what you
thought of it?
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What a mess [laughs]. Well, it was – it was, you know – it wasn’t a tidy room, you
know, it didn’t look appealing, I mean it didn’t look smooth and engineered, you
know. It was something – it was connected together on an experimental basis so, you
know, if you think about it, just connecting the heaters on the valves, for example. On
a valve – on a chassis there were something like eight valves, right. If it was – if they
were small valves they would take something like 2.4 amps in the heater, if it was the
big valves they would take something like 8 amps, right. So if you had rack full of
equipment, ten chassis, if they’re all full of big valves that was eighty amps so, you
know, er … how did you distribute all this power, you know, just for heating the
valves? And of course it was all done fairly crudely in those days, ‘cause it was early
days. When it came to the Mercury prototype, we improved things a lot, right. But in
those days the – the transformers were in one place and then along huge wires, you
know, to transfer whereas when you got to the Mercury we put a big transformer on
the top of each rack and we just ran it down vertically and made an arrangement that
could easily be assembled and – whereas in the other thing you had these huge irons
to solder this large wire and things, so it was very inconvenient. So, yes, so I – I mean
to be honest I think anybody would have said that, you know, it was done rapidly,
right, to achieve a result, and it did that. So it was successful but it did look a mess.

[1:19:45]

Can you describe the computer in its room for me?

Well, it consisted of several racks. I mean five or six racks. A chassis consisted of
about eight valves and each chassis was built separately and then screwed to the rack.
And on each chassis you had to provide the heater volts to the – all the valves. You
had to provide the power supplies, which was the 300, the 200, and the minus 150,
and of course you had to put any interconnection wires. All the interconnection wires
between the components of the chassis were on the chassis itself but anything that
linked then to anywhere else was a wire. Now depending on the speed, that wire
could just be a simple straight wire or if it had to be specially screened or it was – it
had to be specially sent, then it had to be in a coaxial cable, okay. So there was a
variety of ordinary wires and coaxial cables to deal with as well. There were these
things – in one of the racks there was a display. The interesting thing is that because
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the memory was on a CRT it was very easy to transpose a similar picture of what that
memory was to a monitor CRT, without affecting the memory display at all. And
then you could switch between the various memories to show what was on different
tubes.

Right.

Then you could show that easily. And so you could show what was on, you know,
random memory one or random memory two, or the control memory or the B
memory, you could just bring it up and show it, so there was no difficulty. But lots of
people, other computer people, complained that this encouraged what they called
peeping in those days and this wasn’t really the way to do computing. What you had
to do was put your input in, get your input out, and study the output and see what
changes you needed to make, you know, to actually peep at what was available was
really very inefficient use of the machine. Now whatever people said about it, lots of
people worked overnight, even on the Mark 1, and the reason they worked overnight
on the Mark 1, because they could peep without anybody observing them, right,
because they found this a particularly useful thing to do. And of course peeping these
days is all you know [both laugh].

Are there any sort of smells or sounds you remember around the computer?

No, I mean in the room you were in the thing that was difficult was the heat, because
it did generate a lot of power, it did use a lot of power, generated quite a lot of heat.
And of course it did get quite hot in the summer, and I mean on one occasion we had
– we had windows that opened and of course it happened to be a heavy rain squall and
this came in onto the hot valves, right, and caused, you know, things to actually blow
up. Yeah, so it can cause quite a – quite a lot of faults that way. So those were the –
those are really the problems. Er, obviously there was a sort of humming noise that
went on but I mean in the basement below we had rotating machines which generated
the power, the DC power directly, so we had an alternator to isolate the mains voltage
from the generated mains voltage, so we could isolate – ‘cause in the early days you
got missed cycles in the mains when they switched from one mains source to another.
I mean normally you switch when the things cross at zero so there’s no problem but in
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those days the switch was pretty crude and not done as efficiently as it should have
been. And so you often had missing cycles in the main – in the switching. And so to
avoid that affecting the computer we isolated the mains with an alternator which
obviously had a momentum, okay, a rotational momentum, and so that would produce
a proper AC signal. So we had an alternator generating normal mains voltage and
then these drove DC machines which provided the three sources of DC that we
wanted.
Hmm. And I think you mentioned before that this computer – was it the magnetism
room?

With the magnetism on the door. There was a little plaque, a little white enamel
plaque on the door which said magnetism. So what had been there before, we don’t
know, but that’s what was on the door.

[1:24:50]

Hmm. How did the computer project relate to the work that was happening elsewhere
in the electro-technics department?

I mean at that stage we regarded ourselves as part of the electro-technics department
but there was some work going on, erm, there was some work going on, on the CRT,
in a system that could be evacuated and, you know, you could change the screen and
things like that. So there were some long term work, if you like, going on to look at
was there anything we could do to improve the situation. It was also aimed at being
able to send another electron beam across the back of the screen, so if you think of the
beam this way, writing on the screen, it was writing potential charges on the screen.
If you think of another beam coming this way, across the surface of the screen, that
would note what the charges were and give a picture on a screen put at this side.

Right.
And so that was work that was going on, and there’s a paper on that which I’m part
author on, okay, which was describing how to actually determine what potential
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distributions were being established on the screen by the – by the normal thing. Now
one of the reasons that that was done was because we had a paper from an American –
from a Canadian, called Katz who disputed how this system was operating. And we
had to show him that it was operating like we said, and so we had to demonstrate that
there was an electron cloud brought in front of the screen, right, that the signal you
got showed this by showing – you only got a proportion of the signal, right, and
otherwise you got – you know, if you took the whole screen you got a big signal. So
there were a whole set of techniques, experiments that were done, to show what the
nature of this – of this was. So there was a lot of work done extra on the CRT itself.
That was related, however, to the – that was related, however to the computer activity.
There were … there was no other research at that stage going on in the university, in
the department, which was related – which wasn’t related to the computer work.
Even the servo mechanism work was the servo mechanism for synchronising the disc,
okay. So they did – some work later went on, right, but it started up during the
synchronisation of the disc, see. And later on there was some work on the design of
variable speed induction motors, which FC and Eric Laithwaite, you know, instigated,
so, yes. So other research developed but at the instant that FC went to the department
all the existing research had gone away with the professor who’d moved –

Right.

Which was Professor Willis Jackson who went on to Imperial, and that was concerned
with wave guides I believe. So he’d taken his work, his people, had all gone, and
what was left was really just the people who were responsible for the students, the
people who were responsible for the machine labs. There was a vacuum laboratory as
well for doing vacuum experiments, hmm, and that was it really, so there were only
about half a dozen people in the department. So when the computer work came that
was really the critical project to start things going and, if you like, to encourage other
things to happen eventually in the department.

And the other activities then, they all had their little computer connections then, like
the servo mechanisms you’re talking about and [inaud].

Yes. But if you like you regard that as a prod, you know, to do something.
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So it acts as a stimulus for other activities.

Right, yes.

[1:29:15]

So who else was there working specifically on computing when you started?

There was Alec Robinson, who was already there, and he was working on a
multiplier, right, to put onto the expanding machine. So he was – that’s what he was
working on, that’s what he got his PhD on. There was a man who’d left, right, on the
time we arrived who had been actually working on an amplifier design for the – the
design of a proper amplifier for the CRT store, so – but he’d left. So there was Alec
Robinson, there was Geoff Tootill and there was Kilburn who were both working on
the Baby if you like, and both worked on the Baby and what was going to happen to
it. There was a man called Colm Litting who was doing work on – started to do work
on solid state materials, okay, and he was – but he was partly involved with the
vacuum work was well, which involved this CRT project. Then there was Cliff West,
who was a new recruit, who was a servo mechanism expert who also contributed to
the synchronisation of the drum, right, so that was him. There was Mr Gerard who
was a machines expert, but didn’t do research, he was just doing teaching. And there
was another man who was the head of the – head of the student laboratories in a
sense, who only looked after the student intake and dealt with all them, who was not
doing research, Joe Higham, right, and that was the department, the whole
department. So you see why I say there was no basis for supporting Professor
Newman’s, you know, project, right.

Yes.

There was no basis, you know, there was no way that he could ever be supported.

No. What about people like lab assistants, technicians, were there any of those
around?
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Well, in the department there were technicians associated with the undergraduate
laboratories, the vacuum laboratory, the student electronics laboratories. There was a
chief technician who was responsible for all the technicians’ employment and that sort
of thing but was also advice on a technical basis as well. And as I say, he helped
Professor Williams by writing all his notes on the board.

Hmm.

Then there was also a workshop, a couple of workshop technicians, right. One was an
expert mechanical technician who did things like help to design the drum, the disk,
alright, and that sort of thing, who produced the chassis for assembling the electronic
components on, who did anything we wanted to do mechanical, right. And then there
were a couple of electronics technicians who built – you know, who took the metal
chassis and put valve bases in, screwed them in, and assembled the electronic
components on, that was it. And a secretary for Professor Williams.
It’s quite a small department.
Absolutely small, it’s minuscule.
What was the relationship like between – ‘cause you said the physics department was
next door I think you said a while ago.
Yeah, yeah. Well, I think – I think the electronics department at some stage, the
electro-technics department had perhaps spawned out of physics, right, but it was
really a separate department and there was a separate professor for it, you see. And so
it didn’t – it was a separate entity, but it was right adjacent in terms of buildings and,
as I say, I’m not sure that the distinct separation between all the rooms was a
permanent one, it flowed back and for as the occasion demanded really. As you might
expect, you know, with reasonable cooperation.
At this point when you were first introduced to computers –
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Yes.

[1:34:00]

What did you think their future was going to be? What did you think they were going
to be used for?

[pause] Well, we were introduced to crystallography problems very early on, okay,
‘cause they were in a desperate situation. And, er, the other thing is – there were a
man designing lenses using optical techniques who seemed very keen to use the
computers. And there was an awareness that computers could also be used in
business, that the existing systems, you know, your card – card machines and those
sort of things were very limited in their capability. So the potential, as it were, for
doing something there was available, right, and I think people like Remington Rand in
the States were very keen to go down that – you know, that sort of business route. So
I think we were aware that there were some real uses but it was also quite clear that
there was really, you know, not universal support for doing anything with computing.
And I mean I would say there was not support for – universal support for digital
computing, you know, as late as the 1970s, right, that certainly with Atlas – I mean
there was talk of doing things but it was not cohesive, right, it wasn’t pulling
together, you know, it was – it was a bit niggling. And I mean I think quite senior
people when Atlas was made said, why on earth are we making Atlas when the whole
country doesn’t need an Atlas, right. Now if you bear in mind that I have a machine
much better than Atlas on my desk, right, now, you’ll see, you know – I’m talking
about a terabyte of backing store and things like this, you know. People in those days
would have gone, you know – in those days it was very important. I mean the reason
you did machine code programming was ‘cause you daren’t afford – you couldn’t
afford the efficiency of having anything elaborate, right. You had to use – do it as
efficiently as you possibly could, then you could make progress. And I mean there’s
no doubt that the crystallographers in something like the 19 – late 1950s, were saying
that they’d actually made really useful projects, you know, progress. So, you know,
that was – that was encouraging, but equally there were people who said when we
were making Atlas, why make Atlas ‘cause we don’t really need one machine for the
country. So you can get the support that existed, you know, there for building a, you
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know, new machine, you know, for – to cover the needs in the country. There would
be voices which would be strongly against it, even at that late date.
Hmm. I’m aware that if we continue for much longer I’m going to have to change the
memory card. So I think this seems a fairly good place to stop.
Stop, right okay, no that’s fine.

Is that okay with you?
That’s fine.
I just thought – sort of ending comments there.
Yeah. No, no, that’s fine.
I’ll just pop –

[End of Track 2]
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Track 3
And I’ll hit the record button, and I think we are good to go. This is this interview
with Dai Edwards, March 5th, 2010. So Dai, at the end of our last interview you’d
just sort of started off as a research student at Manchester and I was wondering if you
could tell me what your first duties were.

My first actual duties were really to mend some power supplies which were sitting in
a corner which had stopped working, and for which they had replacements, but if
those new ones or different ones failed then they would want to use these. So my first
job was to actually get these repaired. That was a chore really but it was something
that I accepted and did, I hope, quite well. In addition to that, people like Geoff
Tootill and Tom had designed some extra circuits which had been built by a
technician. It took about a week to build a chassis, an eight valve chassis, of
equipment. And these were there, come from the technician, waiting to be put onto
racks, connected up to power, and tested out. And so that again was another thing,
something that other people had designed needed to be installed and got working, and
so that was the other thing that I did.

Hmm.

In addition to that activity there was a further activity concerned with the CRT
memory itself. This was certainly operating quite reasonably but there were some
ideas around which needed implementation to try and improve the operation, to make
it more reliable and work better. And so that was something else that concerned me
as well.

Do you remember what any of these ideas were?
Well, they were – they were things concerned with how you discriminated between a
nought and a one, which was the vital activity, and how you stopped the baseline
signal varying too much when you got asymmetrical pulses due to very fast reading
and writing of noughts on ones, and ones on noughts. And one of the first things that
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was done was to introduce a delay line into the, er, amplifier which differentiated the
signal essentially to get rid of some of these activities.

Just to get rid of the baseline in other words?

Yeah, yeah.

Right. Where did these ideas come from?
Well, discussions over lunch, er … between people who, you know, when there was a
bit of spare time to think where do we go from here, right. So there was either
discussions in the lab itself, you know, when we were at a critical juncture, or
discussions arose over lunch to relate where exactly where we were at the time and
was there anything that could be done to improve the situation. So things like sending
the, er, X and Y raster waveforms over coaxial cable and things like that to stop them
being interfered with in any way. Things like using DC on some of the circuits in the
X and Y ray generators to avoid excessive fifty cycle fluctuation. But in general, fifty
cycle fluctuation wasn’t too bad because even if the raster moved up and down
relatively slowly, provided your refresh rate was faster than the rate of movement, as
it moved it was always being refreshed all the time, so you never really noticed it.
Were there any other problems with working with CRT memory which –?

Well, the main problem was to set them up because they were completely analogue.
You know, the strength of the electron beam, right, was critical and so adjusting the
brilliance and the focus and deciding precisely on the exact arrangements for nought
and one. I think initially the system that Kilburn used was a dot and a dash for a
nought and a one, but later on in the work we decided to use a focus spot and a
defocus spot, which were completely symmetrical and circular, you see, so that – so
that the interference from one – in one region to another was completely symmetrical.

Hmm. Are CRTS sort of one of only a few technologies that are floating around in the
late ‘40s. I thinking of delay lines especially. I’m just wondering what you saw the
advantages of the CRT as.
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Well, the significant advantage of the CRT was its random access nature. That is, all
you had to do was move an electron beam to a position on a screen and, you know,
move it by six inches let’s say. So that – that could be done extremely rapidly,
whereas if you were in a delay line which happened to be a thousand digits long, if the
instruction you wanted to access had just gone into the delay line then you had to wait
a millisecond for it to appear at the other end. So as the name suggests, there was
always delay and there was a technique which Turing put forward which was called
optimum programming, which was designed to let – to design by – the programmer, if
you like, had to design his program such that the instructions you wanted appeared at
the right time and one after another. But of course this wasn’t always feasible, so the
random access memory was really the key, and of course random access systems are
the ones that have been pursued ultimately and which exist today.

Were there any advantages in programming with random access compared to delay
lines then?
Well, yes, you didn’t have to worry about optimum programming. You could
program, you know, as you wanted to do it without giving thought to where they were
or how long it was going to take to get at them because they – it was equally fast.

[07:15]

Hmm. How do you think the CRT store was seen at the time?

Oh, it was seen as an absolute critical thing. It was the actual first memory system to
work. The delay line did work soon afterwards but it was still later than the CRT, so
if you like it was one of the crunch inventions, you know, that it really made a
difference. It made the program machine feasible for the first time, and that was the
importance that the Baby demonstrated, that you could actually have a program
machine which would operate with the memory at high speed, and you could change
the program so that you had a general purpose computer. Now the Baby itself was
trivial from the user point of view, it was done as an experiment to check out that the
memory worked but nevertheless it demonstrated that the memory worked at high
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speed and therefore could be used to run a program. And the fact that you could also
put different programs in meant you could use the same system for doing different
program arrangements with the minimum of difficulty.

Do you remember when you first programmed the computer?

Well, my first programs were concerned with testing hardware really, so that when
you installed the new chassis or the new things you used – you know, you used a
program to check out that it was all working at the appropriate speed.

Hmm. What sort of training did you get in writing programs?

None at all at that stage. I mean there were so few people writing programs. The
thoughts were that you had to be mathematically qualified to write programs. And in
fact later on they would worry that not enough mathematicians were being trained to
write – you know, to write programs, so this was a concern. But as you know these
days, the techniques have moved on so that the last thing you almost need to be is a
mathematician to actually do something useful. There was always – in the early days
the idea of subroutines arose as well, where the idea was that people could write
subroutines, for example, to do particular operations like say matrix operations or
something like that. And other people could use to help them with their work, so that
the idea of programming was really to just put a lot of subroutines together. So the –
you know, so the basic idea was there of providing help by using what other people
had done to actually do your work but it was early days and most people tended to,
you know, get involved themselves and you were programming in machine code of
course.

[10:20]
Could you explain to me how you’d actually go about programming, you know, the
Mark 1 or the Baby to do something?
Well, you’d just get a piece of paper, decide what you – decide what code you wanted
to use and in the simplest sense you would write those down as noughts and ones.
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Then you would translate this to paper tape to input them, right, and then the machine
would actually run that set of code – set of noughts and ones that you’d actually put
into the machine. Some was program, some was data, and there was no difference in
the memory between program and data, it was just that the addresses were different.
So the control memory, controlled which went in sequence but could be jumped to
various places; the control sequence – the control memory operated the address side
and in the – and when you got an instruction out from a particular address, then that
contained an address, would identify where the data was. So that was the separation
of things in the machine so that – but in the machine itself, you know, there was no
distinction between where you put program and data, you could put it anywhere, you
just had to make sure that it was arranged, you know, appropriately from an address
point of view.
Did you ever get them mixed up then as a –?

Only when the machine made an error and tried to use data as program, it lost its
control memory or something, or you sent it to a wrong address, then you would try to
use some data as memory and of course it would rapidly indicate that something was
stuck in that case.
How does it indicate that something’s stuck?
Well, it would just stop really – stop really working or it would just go round in some
sort of loop. The thing varied, okay, as to what would happen but it would – you
could tell that it wasn’t doing the normal sequence of things really, ‘cause it did get
into some sort of a rhythm when it was operational, the machine. And because you
could do things like – when it got more sophisticated you could do things like put a
sound code in, so you could actually beep every so often that it went round a loop, for
example, if it was an important loop.
Right, so you can actually sort of program this rhythm into the computer –

Right.
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So you can follow it as it goes along.

Right, yes.

What did you do before the sound thing was there though?

We struggled [laughs]. In a sense, one of the advantages of the CRT memory was
that you could use the same – you could use virtually a copy of the X and Y
generators and the display to show what the memory actually was on a monitor
screen, which was a separate screen which was completely visible. So that in fact you
could see, for example, lines changing, data information changing as it was being
calculated. And you can see, for example, when you were working on primes or say
determining primes or something, which was done in the early days, you could see
where the prime had been entered that you were actually – you could see where the
trial number had been entered that you were actually working on and you could see
another area where it was actually going through trying to determine if it was prime or
not. And then it would be a third area on the screen which is, if it was successful it
would end up with the prime number there, you see. So you could actually see what
was going on and you could see a result, but of course it would be in noughts and ones
rather than in decimal or whatever was convenient to the human being at that stage.
The other thing with the CRT memory in the early stages were that we didn’t have, er,
completely 100 per cent performing CRTs, so that on a particular CRT that you were
using, particularly on a prototype, there might be an area where it couldn’t actually
store – it wouldn’t actually store properly and – but you could still use it provided you
ensured that in that area you always had the – you know, you always had noughts
rather than ones, so it didn’t actually have to work properly to function properly
[laughs]. So you did use it, you know, to be a flexible memory location where you
could put anything but provided it was a data number you were using as a reference
and it had noughts in the right places then you could – you know, it was perfectly
satisfactory.

Did you have to program round the errors in the computer?
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Right. So there was an element of that in the early days because we didn’t have CRTs
which were, you know, fully operational.

[15:40]

Do they all do that? I mean do all CRTs have errors in them?
Oh, no, no, no, we – mean we were able to get screens which were free of such errors,
right, they could be, so – but in the early days you got what was produced and there
were what we called phoneys, which was areas of the screen where there were
problems. And this is where something had fallen on the screen which, er, didn’t
have the right secondary emission characteristics. For example, in the early days
when you were using CRTs which have carbon on the inside as a conducting coating,
if car – if bits of carbon – as you were searching the screen, as you were moving the
screen about, if bits of carbon fell onto the screen then carbon didn’t have the right
secondary emission ratio. So wherever the bits of carbon fell, you were in trouble. So
later – on the tubes used eventually for serious use that coating was replaced by silver
coating.

Where did the tubes come from?
From GEC. They were CRT manufacturers and they – they cooperated, if you like,
with the manufacture of the CRTs by making the CRT which had, you know, a fine
focus and so on, and with the change in the coating from carbon coating to silver
coating, and taking care producing the screen to make sure that the thing was 100 per
cent good. Now IBM, when they were making their CRTs, put a factory out in the
country to make the CRTs where it was clean. What they hadn’t realised was the
pollen particles don’t have the right secondary emission ratio either, so they had quite
a lot of trouble with pollen in the early days. So you had to go into, you know,
vacuum proper conditions to make sure that the screen was properly deposited and not
contaminated in any way.

Hmm. This is GEC down in Wembley where their main labs are somewhere else?
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Yes, yes. No, GEC Wembley. There was a man, Mr Allard, who was involved in the
work with the department to make these CRTs.

And he worked for GEC?

He did, yes. He was the man responsible at GEC for producing the tubes, so to speak.
Right. So did he visit Manchester then and –?

He certainly did, yes, and he certainly came up in the later years to comment on some
of the, you know, forty, fifty, I can’t remember which, centenary sort of thing. So I
have been in contact with him, you know, quite late but he has now died.

Could you tell me a little bit more about how the relationship between the team at
Manchester and the CRT people at GEC went?
Well, I think – I think principally, er … the relationship was really just reporting on
problems that we found with the tubes. At one time, for example, I remember that the
tubes they produced, the glass they used, was conducting or had a conducting element
to it, and of course that really affected the storage on the screen itself. And so they
did have to change the glass, the nature of the glass, to make it satisfactory for our –
from our point of view as well. So it wasn’t absolutely straightforward but it was a
conventional CRT, absolutely conventional, with – but with a few constructional
requirements. And so we reported back to them on how we found things. When we
found the conducting glass and things, you know, we said look, you know, there’s
something gone wrong. When we found, you know, there were, er, still problems on
the screen and things we would relate, you know, what these were. So that was – that
was our relationship with GEC. The funding relationship, I don’t know what that was
precisely, whether it was done through Ferranti or whether it was done through the
government directly, I don’t actually know the particular arrangements for that.

[20:30]

Hmm. Where did the other components come from apart from the CRT?
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Well, in the early days all the components came from TRE because the people – there
were people seconded from TRE who were to work under FC Williams on this project
and they were entitled to put in requisitions every month for equipment. And so in the
university itself there was really no modern electronic equipment.

None?
There were all old – really old fashioned radio type valves, for example, they weren’t
the things which had been used in radar during the war. Whereas all the things we got
from TRE were the most up to date thermionic valves and components and so on, so
all – all the things to build the prototype came from TRE under requisition. Of course
Ferranti being an industrial firm, they had connections with the people who
manufactured these things to get the supplies direct for their commercial work.
Is this the EF50 valve I’ve heard so much about?

The EF50, EF55, and the EA50 which was the diode.
Hmm. We’ve been talking about the CRT store here, as the CRT store, but one of the
other names for it is Williams tube or a Kilburn-Williams tube. What did you call it at
the time?
… The original inventor there’s no doubt was Williams. Tom Kilburn didn’t get
involved, even at TRE, until Williams had demonstrated one spot being stored. At
this stage I think Tom Kilburn was brought into the picture, this was about August,
September, er, August, September, let’s see … I can’t think. I want to be sure, I can’t
think of the year precisely. Er, Williams came I think in about January ‘47 to
Manchester, so this must have been August, September ‘46 that the original work on
the CRT showing one bit stored was done. And when it transferred to Manchester it
had still only stored one bit because Williams was involved in discussions with MPL,
discussions with Manchester and so on to get the job, and then he came in ‘47. Well,
it was actually December, you know, December 25th, ‘46, but if you call it January
‘47 that’s when he came and he brought with him Kilburn and another colleague
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called Marsh. Now the story goes that Arthur Marsh left after three months because
he felt there was no future in it, right, and he was replaced by Geoff Tootill who
carried on the work with Kilburn. Now Kilburn was doing an M – a PhD at the
university, that was one of the reasons that he agreed to accept the secondment and
Geoff Tootill came to do an MSc, and that was the arrangement at the time.
Hmm. At this point where were you? Were you –? You hadn’t joined.
At this stage I hadn’t joined it. I didn’t join the team until September 1948 because I
didn’t get my degree until July ‘48 and so I started as an MSc research student in the
September.

What state was the computer in at this point? What stage of development was the
computer in at this point?
Well, the Baby had worked in June and there’d been a decision to take it to – to
expand it to be more useful. And there was – a start had been made on that to start the
process but really in a sense more people were needed to do the things that were in
people’s minds. So that is why I started on, you know, the detailed expansion of the
Baby and the improvements to the CRT. And Tommy Thomas, who came with me at
the same time, started on the work on the magnetic drum.
You mentioned that Arthur Marsh hadn’t seen much future in computers when he
decided to leave.

Yeah.

[25:40]

When you started there what did you think the future of computers was going to be?
… I thought it was a very exciting development. Bear in mind that I’d only had a
year’s acquaintance with digital circuitry but it had been quite – that had been quite an
experience and I really wanted to continue it. So it was exciting from that point of
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view. The fact that it was a new form of computing was also exciting to me and there
were a few people around, potential users, who were in the desperate state that
actually needed the computer. So I felt there was definitely potential in it provided
we could make the thing, so it was – that was a very exciting time.

Hmm. So could you explain to me where you fit into the hierarchy of the computer
development team at this point and who else was around you?

The team was very small. There was, er, obviously FC Williams was in the lab every
day. Tom Kilburn, Geoff Tootill, who was doing his MSc, Alec Robinson who was
doing his PhD and was a year ahead of me if you like, and Tommy Thomas and
myself who were new research students. Now this is talking September ‘48. Alec
Robinson worked in a room a bit further down the corridor and he was in the process
of building his multiplier in particular, at the time we joined he’d started work on the
multiplier and he was building a multiplier to use in the expanding machine whenever
it came to fruition, and I was in process of helping to expand the machine. So, if you
like, that was the – that was the hierarchy. Quite a small team, all really with, you
know, specific jobs to do.

Hmm. Which specific parts of it were you responsible for?
Well, as I say, I was responsible for improvements to the CRT –

Right.
And you’ll find that in a paper which wasn’t published. It’s the second paper I was
involved in, it wasn’t published until 1953 I think but you’ll find it was submitted in
‘51. So, you know, that relates to work that had been going on, and the work had
been going on but it had been partly stimulated by the controversy which had arisen
from this Mr Katz in Canada who disputed the nature of the operation of the CRT,
how we described it operating.

Can we pause?
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[Break in recording].
So Mr Katz was in Canada and didn’t believe the CRT worked as –?

Yes, the only thing I can remember about it particularly is we had always said that
there was an electron cloud introduced in the vicinity of the screen, whenever you
turned the beam on. He disputed that this existed but I mean one of the experiments
we were able to show – if you think of a big screen going over the whole of the screen
of the CRT, then when you energise it to read a nought anywhere on the screen
you’ve got a certain signal, even though there was no well to be established because
the nought was - it established the well and you went to read that – look at that well
again, the potential well I’m talking about. Now – so there were a lot of potential
wells on the screen, you just looked at one, right, and it gave you a particular signal,
just turning the beam on and turning it off. Now we said this was due to this electron
cloud being introduced in vicinity of the screen. Now what we were able to show,
that by just doing it on one spot and reducing the size of the screen to obviously just
big enough to make sure you got a spot, that the thing was reduced in proportion to
the area of the screen really. So therefore it was a mass effect like an electron cloud
coming onto the screen and then disappearing, because if you only looked at a small
part of if you could only got a small signal, a very small signal. And that was part of
the description in the paper and then we showed that when you did that for a one you
still got a big signal, you got this – exactly the same signal when you were changing
the potential well in that area and so on. So we were able to demonstrate that
conclusively, you see.

And had Mr Katz had published research to the contrary somewhere?
No, he sent us a paper, I can’t be sure whether it was published or not and I can’t find
any reference to that paper, but it caused us some – remember FC – he said he sent it
to FC Williams. And FC came in with this and said, you know, we’ve just got to –
you know, you’ve just got to check this out and make sure that’s he not right, and so
that’s we did. And we did these particular experiments and I actually carried out
those, for example.
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Would it have caused any problems for you if he was right?

[31:30]
Well, we’d have had to change our thoughts, yes. I mean, er, it didn’t change the fact
that it worked but it was a sort of theoretical argument, I mean how did this CRT
really operate? I mean in the States there were views for – there were things like
video, you know, tubes which had other beams for writing and reading and things like
this for other purposes, and there were thoughts that you could actually have another
beam which was called a holding beam for keeping the record permanently there.
And there were – there was work going on not ordinary CRTs but different types of
CRT to try and make a memory system, but this didn’t get anywhere either. And of
course there’s the selectron which was an electrostatic memory but which had a mesh
of wires in it so you could select where the electron beam was hitting digitally, if you
like. Now this was the selected memory by Newman to use in the machine he was
proposing, and he went across to the States. He went to the States to visit RCA, who
were making this selectron under the design of Rajchmann and – but it certainly never
worked, you know, in the timescale that we were – that everybody was interested in.
And so it was never, ever used as far as I’m aware in anything seriously at all.

You mentioned Max Newman a second ago. Did you see much of him in the late
‘40s?

No, I should say occasionally, and it was generally when he came to talk to Professor
Williams about something and FC would bring him down to the lab and things. And
he also – he also made a program himself for the first – for the inauguration
conference of the Mark 1, and this was a program concerned with Mersenne primes
and these are primes of a particular nature. And with this amount of storage that we
had at the time we could only contemplate doing a certain range of these because they
took not just one line of memory but they took several lines of memory to actually
represent even one number. And so one of the interesting things was that Max
Newman introduced some orders into the instruction code of the Mark 1 which were
concerned with using multiple length numbers which were multiple word lengths, and
so it was actually convenient to do arithmetic with these. So he introduced these
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instructions to make it simpler, for example, which was really a result of
programming for these Mersenne primes on the prototype, hmm. And of course I
think Turing took over the final operation of this program but it was really Newman’s
program and various people like Tom Kilburn, and I think even myself, might have
been involved for a bit in getting this program actually running.

Sounds like there was a lot of work involved just getting one program up and running.

Oh, it was, yes. I mean it was very exciting on the Baby to have got that very simple
program running in the first instance, ‘cause there were lots of instances where it
didn’t run. But to actually make it run and get the right result, you see, was an
actually, you know, step function of interest really for everybody.

Hmm, hmm.
You know, except – except I would say the users because I think both the MPL and
Wilkes thought it was hilarious as it were that, you know, we described this as a
significant event, but – but we think it was.

[35:50]

You mentioned the Cambridge and MPL computer teams there. I was just wondering
where you would situate Manchester at this point in comparison with those two
groups and the computer development more widely.
The thing that I found – that I find difficult about talking about the Manchester
contribution is that I think Professor Newman came in 1945 and he had this Royal
Society grant to build a computer. And his aim, fine, was to – was to actually use the
computer, right, so he wanted it built as quickly as possible. But it’s interesting that
in 1948 he’s still saying – making comments like, it’d be interesting, you know,
whether these computers work or not, and this was in an official document in
Manchester that he’s made this statement, right. And that was when he decided to
combine, as it were, his development with what was happening at Manchester and in
fact to change his requirements to work with the Williams system, proposed system,
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because the selectron still hadn’t operated successfully. And of course the CRT was
demonstrated by Kilburn storing 1000 or 1020 flow bits in December ‘48. The
decision to actually go ahead seemed to me, I think, made, you know, a little bit
before that but it’s, er … I might have got the timescales slightly wrong there but it’s
– I think the Royal Society publication was in, was it March ‘49 or something? So I
think – I think the decision – the decision was actually taken to go ahead with
Williams I think slightly prior to that because in – in that thing both Williams talks
about the CRT and Newman talks about the general aspects of computing and – but I
think there’s reference, you know, to the Royal Society computer lab in Williams’
thing. And so I think the emphasis – the decision must have been taken to work
together at this stage, and that’s not all together unsurprising because both Williams
and Newman were FR – were fellows of the Royal Society and you would not want
two projects to be going on at that stage in the Royal Society procedures which have
different aims, right. So I think – I think that’s a good reason for a decision having
been made, you know, just prior to that conference really. I mean you could say it
might have been made in January ‘49, you know, a good decision for the new year.

How aware were you of this political and funding dimension to the computing
development at Manchester when you were a research student?
I wasn’t anywhere really. I mean to be honest I was just a new recruit who had to
prove himself. But I mean I was interested in all that was going on and, er, you know,
later took efforts to make sure that I had access to whatever material existed which
talked about this activity. But I was obviously aware that there was cooperation and I
was involved with Ferranti from a very early stage.

[39:20]

Hmm. What was your involvement with Ferranti?
Well, I was – I would talk to their engineers about the CRT memory, how it worked.
I would go up to the factory to – you know, to help them get it working there and so
on.
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About when is this? Is this Ferranti Mark 1 development time or …?
Yes, yes. But you remember the agreement to that started from ‘48. Have you seen
the letters? So it did start quite early on in my career as well.

How did you first get involved with Ferranti then? Were you just sort of assigned to
go talk to them one day or –?
Oh, I think we just – when Ferranti had got the contract and they were going to build
the machine I clearly went up with Tom Kilburn and FC and met the Ferranti people.
I think it was a man called GI Thomas who was the – in charge of us in those days.
And it was the radio department at – radio department at Ferranti’s which was taking
over this project. Very interesting because in that section there was a man called,
Ianto is his nickname, but he was called Evan Warburton who was – who was quite a
dynamic character and a very good engineer, who was really two years ahead of my
from my school in Pontypridd, so I knew him quite well.

A small world.

So, you know, he was one of the people I was talking to and explaining things. And
of course it was all new to them, so you were really starting from scratch, so it was
really helpful to me as well to actually be talking about something I was actually
learning about at the same time.

Hmm. Did you learn anything from Ferranti as well then? Did the information flow
go both ways or …?
No, the – I mean bear in mind they were radio people, which was all analogue now,
they really weren’t aware of digital techniques, and so I’d had a year’s experience.
So, you know, they were learning from me on that score. Erm … the thing that we
learnt about working with industry was quite interesting really because they produced
odd bits of equipment for us, like they produced some power supplies and they
produced some CRT – some engineered CRT boxes for us and things like that. Now
what you learnt was that when somebody said, yes, it’ll be done by such and such a
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date, then by the engineer you were talking to it was done by such and such a date.
But because it was a factory they’d have to be inspected and then if there were any
errors found it had to be corrected, so that when you were thinking it was going to be
done by such and such a date, because it was a factory that was doing the job, you
know, the man who was telling you was actually right in a sense but it wasn’t actually
coming to you on that date, which was something we hadn’t really appreciated. It
would take another couple of weeks for each of these activity, other activities, like
inspection and correction to actually take place, you see, so this was quite interesting,
and so we had this trouble. I mean monthly progress reports were set up, you know,
on things like producing things for us and – but we needed to adjust our timing to
work in, you know, from what was being told to what the actual truth was because it
really involved another set of people before it came out of the factory.

Right. So did Ferranti also visit you then as well?

Oh, yes, yes, people came down to see what was going on and to see the prototype,
so, yes.

Did you have Ferranti staff on site at all?
Er … I can’t remember any staff in those early days being on site because they were
all needed at the – at the factory to get on with things. They would come down I think
when they delivered, you know, some equipment and they might stop for a day or two
but there was nobody actually working with us permanently or, you know, on a long
term basis in those early days, although with other developments that did actually
happen.

[44:20]
You’ve mentioned a few bits and pieces. In the last little chunk of time I’d like to just
follow up if that’s okay. Erm, users, when do they actually start featuring in this
story?
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Users started using the extended prototype. Turing joined the team and he did come
in and he used the machine for various things. He designed some simple programs
but I think he also got on trying to do some more comprehensive things and, you
know, in the later stages when the drum system and it was fully operational, you
know, both Tommy Thomas and myself used to come in at night, for example, to keep
the prototype work – making sure that the prototype ran satisfactory for him whilst he
ran his programs on the machine. There was also another man who came in, a man
called Gordon Black, who was doing optical design. Now I think he came in, in the
early days as well to run things on the prototype but an extensive – you know, a more
– I mean something you could call a user system only resulted when the Mark 1 came
into operation, you know, the commercial machine.
So you had users before then but no sort of official system for handling –
No, no, no, we had the odd user before then but not – it wasn’t run on an official
basis, it was run on a casual and friendly basis.
It’s interesting you mentioned you had to stay in at night to help run the machine.
Could you talk me through what a typical sort of user job would be and how you’d
have to interact with it?

Er, I mean there was a period with Turing who ran the machine whilst the instruction
system for operating the drum wasn’t working. So he used to be downstairs at the
keyboard and monitor display doing his job, and Tommy Thomas or myself would be
upstairs and there would be an intercom between us to select the tracks that he was
wanting to transfer down to the random access memory. So there was that action in
the early days. Clearly when the completely automatic system was introduced then
that interaction disappeared, and what we were really doing was – what we were
doing was some of our own work, er, some of our own activities, but we were there in
case he had a problem. For example, he might be experiencing some difficulty with
the CRT memory, some problem due to the fact it wasn’t working properly, and so it
might be necessary to set up a CRT memory again. Because it was an analogue
system which slightly varied during – I mean the brilliance might slightly alter. The
mains used to go up and down and so, you know, if things got to a point that were
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 95
C1379/11 Track 3

critical something that might happen which caused a hiccup to his system and we
would have to check up what it was and try to get it back, you know, so he could use
it again. So the interaction with users, apart from making sure the system was really
operational, was fairly minimal, except that we were concerned about them being
happy [both laugh].

How was Turing to work with anyway?
I found him quite pleasant. Er, it was difficult because he stuttered and so it wasn’t
easy to follow and his mind worked so rapidly that he did – every word in a sentence
that he was speaking didn’t actually get spoken, so he jumped to the critical words.
Now it did take you a little bit of time to adjust to that but once you were adjusted
there was no real problem. And, er, you know, provided you could communicate with
him he was really quite pleasant, and in fact he invited both Tommy Thomas and
myself out to his house in Handforth for dinner and things like that so, you know, a
very pleasant evening. So there was a, you know, reasonably friendly relationship.

[49:00]

Hmm. How about Newman?
Now Newman – Newman was a bit autocratic really, he was a very senior man of
course at that stage and, er, I mean research students didn’t talk to distinguished
professors, if you like, unless they were introduced so – I mean I wouldn’t say I didn’t
exchange the odd word with him when he came with Professor Williams but that was
it really.

And the other guy, Black?
Oh, Gordon Black was a – he was just a desperate user, you know, is what I’d class
him as, yes.
[laughs] Desperate user. That’s an interesting way of describing him.
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Well, yeah. I mean I think in the early days there were only two sorts of people who
were interested in computers. One were engineers like myself who were interested in
expanding digital technology and liked the idea and were aware that there were some
desperate people and would like – and would, you know, if we could do something
really useful that was another reason for doing it. Then there were the desperate
people, and I would put into that category people like the atomic energy who – where
you’ve seen the letter, where you know, the head of assistance says they can’t really
do their work any more with hand calculators and the FC Williams machine was the
only machine in the country to be able to do the job they wanted. So, you know, I
don’t see you can be more desperate than that. And the other people who were
desperate were crystallographers, and they were in the same position. They had, you
know, up to twenty-five or more people using hand calculators to do very simple
crystal structures and they were absolutely at the end of their tether. They didn’t
know where to go to do more complicated things, and so they desperately wanted to
get onto a digital computer. And so there was a man called Durwood Crookshank
who became a professor, started off in Leeds, but he used both the Mark 1 and the
Mercury for doing their crystal structures and he talked quite, er, you know,
favourably about the work – about the systems that they used and the improvements it
had made in the work that he was able to do. Later, on the Mark 1 for users, the Met
people were always interested, and again I would class them as desperate.
Aeronautical people, we thought should have been interested, but they RAE seemed
to be already well established in the analogue world and they felt that probably – well,
at least we got the feeling that they weren’t enthusiastic about moving to digital.
Hmm. You mentioned Leeds a moment ago and I’m conscious there are very few
computers in Britain at this point, so I guess Leeds wasn’t one of the places that had
one.

No, no, Leeds was where Crookshank was based for doing his crystallography work
but obviously he was desperate to use machines wherever they were.

Yeah.
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So if he started off – they later came to UMIST, to work at UMIST, for example, in
his career. But there were also – there were also some crystallographers at
Manchester who were quite interested as well but they weren’t quite as distinguished
and Crookshank was quite a well known professor in that area, whereas the people at
Manchester were not professors but were very interested in crystallography, and in
fact worked – I worked with the Manchester people and I did projects with them
concerned with crystallography, in improving their ability not only to do the
calculations but to actually take the measurements.

[53:15]

Hmm, can you talk a bit more about that?
The firm which I’ve mentioned was Hilger and Watts. They were a scientific
instrument firm, made instruments for a whole range of activities. With the Ferranti
company they made an instrument, they made something called an x-ray goniometer,
and they made a system to go with it for actually firing x-rays at these crystals for
moving the position in three dimensions and for taking the reflected x-ray results.
And from these things you could transfer that data to another computer to operate but
the equipment itself was all specially made to do this job. Now Hilger and Watts
came to the department, I think as a result of work that we’d been doing, to say that
this equipment was very unreliable. They needed an engineer in, certainly more than
once a week to keep it running, and was this acceptable, they asked my opinion, so
they consulted me on this. I said it certainly wasn’t acceptable, and I recommended
that they go back to Ferranti to suggest that it wasn’t acceptable and that they should
actually get them to do something about it. They came back to me about a year later
and said that Ferrantis had said they’d done what they could but, you know, it hadn’t
really improved by the factor I was suggesting. The sort of thing I was saying was the
equipment should be able to run all weekend untouched by human hands, so to speak,
and take a set of results which would be meaningful. And they said, well, how would
you propose to do that. So I said, well, we’ve done a project by connecting an
instrument to Atlas but everybody doesn’t have an Atlas. I mean we were trying to
demonstrate you could timeshare an Atlas to use – to drive an instrument as well as do
normal computing, and we’d done this project with an SRC grant. So what we’ve
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said is at this stage small computers were being made by – particularly by the Digital
Equipment Corporation in America and they were just becoming available at a very
reasonable cost. And we explained to Hilger and Watts that if you could take such a
little machine which you could program to do whatever you wanted, like set up the xray goniometer to take all the measurements, and then arrange to control all the
measurements that were taken, that you could then transfer the data collected by that
little machine to a big machine to do the examination and construction of the crystal,
and that because this was a standard bit of equipment that you’ve brought in this
computer this would a) be cheap, b) be reliable, and all it needed was an interface to it
which would allow it to do this job, and we would design the interface for them, right,
so this we did. And from being in a position of being almost blacklisted by the SRC
as far as this equipment was concerned, they got in the position where when we
designed this instrument the first six I think were delivered abroad, right, and they –
subsequent to that the next few then went with SRC support. And the firm got the
Queen’s award for technical innovation for the project in 1968, so this was very
pleasing. In fact they took us to dinner at the Post Office Tower in London, to the
rotating restaurant. So, you know, this was – well, we were also being paid as
consultants but they also took us to dinner as a sort of celebration, so this was very
nice. Yes, so, you know, that explains – you know, really it was one of the first –
certainly one of the first commercial instances of making a computer controlled
instrument.
Hmm. Had peripherals like this not really featured in early computer designers’
minds back in the ‘40s and early ‘50s then?
No, no, because the computer was such as size and cost it wasn’t really feasible. You
had to make an instrument which was much cheaper than the computer cost alone. It
was the fact that you could buy this computer for 4,000 pounds or something with a –
you know, with a sort of conventional paper tape input and output as well, hmm. And
of course the other fact is that when we designed the interface a lot of the digital
control from this interface we used with packages from DEC, which were sort of
digital packages which helped us to make the interface. So the reliability aspect, you
know, improved tremendously. Now one other thing that we did which was quite
interesting was that the movement of the crystal had to be done in some sort of way,
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and it was done with servo mechanisms clearly. These were digitally controlled but if
you lost the count in any way, for any reason, then of course you weren’t in the right
position. So if you were running it all weekend you did occasionally, like every hour
or two hours or whatever sensible time you decided, needed to check that the position
of the crystal was correct. So we put in – we caused Hilger and Watts to change the
design of their goniometer to put in this thing which gave an absolute reference to
let’s say a zero position. So when you started off, you always started off from that
position, and so you went back – so what happened, after an hour’s run in, say, you
said put all the circles back to zero. So you put them all back to zero and then you
say, now check the first result that we took from the zero position. So you moved to
the new position, you take your first result, check that it confirmed that it was correct,
in which case, right, you were now back on track again, and then you moved back to
your new situation and took off from there. Okay, well, not only checked the first
position was correct, you checked it where you left off gave you the same result. So
you could then say, yes, everything’s correct, move back to that position and take –
carry on.
Sort of dealing with the issue of reliability and accuracy here, aren’t we, and I was
wondering how reliable were the early computers?

Er, there were problems in the early days. There were two aspects of reliability; one
is the reliability of the hardware. I think the principle unreliability in the early days
were with the power supplies themselves, right. Now this may have been due to the
fact that the mains supply wasn’t brilliant in those days, both the frequency and the –
you know, the voltage value was very – fairly variable. And so you did take
precautions to improve the situation, like an isolating alternator which had some
momentum, which if the mains input dropped, you know, it kept running so the output
didn’t vary the same amount and things like that. But it was the power supplies which
caused quite a bit of trouble, so there was a need to improve the reliability of those.
The CRT, because they were set up in an analogue manner, right, they were also, you
know, another – they needed to be set up on a regular basis. And in fact there was a
technique called preventive maintenance which was used some time during the
twenty-four hours when you used to put – take a period off when it couldn’t be –
initially couldn’t be used and what you’d do then was to do things like run down the
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heater voltage going to all the valves, right, or to certain valves in sequence, right.
And what this would mean was you were making less current available as the
thermionic cathode dropped in temperature, you see, and you would run some test
programs. And, if you like, it’s preventative because if there was a valve which was
close to failing, if you reduced its heater it would fail, okay, if the thermionic cathode
was failing. So this was a test of a thermionic cathode. So this technique for
preventative maintenance went on to check that the machine was in a good state and
you would then replace a valve if it was found to be faulty and then this meant that
when you went into operation you were in a better state to maintain operation. But I
think you were talking in the region of eighty per cent reliable from a user’s point of
view. The other problems which users had was in the early days with fixed point
arithmetic. If you were working with largest numbers and the numbers overflowed,
they would overflow at the most significant end, right, and so you’d end up with
numbers which were not significant in any way at all. And this was a problem that
the optics man, Gordon Black, ran into. You know, he came in very enthusiastic one
day saying, ‘I’ve got a lens, which if you put a ray into it at any angle it comes out
along the axis,’ and this was entirely because he was losing digits at the most
significant end [ph]. So there was a responsibility on the user to ensure that in no
circumstances was he – were the numbers overflowing, which was quite restrictive
really, and of course was why people wanted to move to floating point arithmetic
where if there was a digit lost if was of the least significant end. So they were very
enthusiastic to move to this, to which we did in the second machine of course. So
those were – there were those two aspects to, you know, the reliability situation.

Hmm.

[1:04:20]

And of course there was the difficulty in getting a program to run. I mean you wrote a
program but then you had to show that it was doing what you thought it should do,
right, that it was actually doing the job correctly, so you had really to go through a
technique of proving that your program was correct. And of course there were
techniques which you needed to have to sort of, if you like, go through the program in
parts and to make sure you can stop at a certain stage and say, has it done the right
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thing to there, should I go onto the next stage, and so on. So there was a whole set of
techniques you had to develop really, which people tended to be a bit individual
about, to show that the program was doing the right thing.

Can we talk a bit more about the people you were working with? You mentioned
other names in passing. It was quite interesting we went back, you know, to sort of
quickly give a little sketch of Newman, Turing and Black from your point of view.

Yeah.

I was wondering what else you could tell me about the other people you actually
worked with, how you got on with them, what sorts of help they were to you and you
to them, that sort of thing.
Er, the other people – I mean in the very early days the only people that I worked with
were the technicians really who were building the equipment for us, er, ‘cause I mean
I was coming in as a new research student, I was clearly at some stage having to
design things and I had to get them built, so the technicians would do the building
process. And so clearly I had to get on with them because, one, I was impatient to get
it built and there was always, you know, priority for, you know, what they were doing
and all the rest of it, all right. So there were all those sort of things to resolve, so –
and there were two technicians that built – principally built equipment for us, so I had
go get on with them quite well so, you know, that was quite important. Llater, as
particularly let’s say going on to the second machine, as other research students joined
the group there was a case that you had to explain things and help other research
students to, you know, get on their work properly and give them whatever help they
needed really, so that was another important activity. Er, when you were doing things
like writing your thesis, in those days of course you had to use secretarial effort to get
your thesis produced. Now in doing the thesis I developed what I would call a cut and
paste technique, which we use, you know, on a modern word processor but in paper. I
would – I would write something, I would first of all write it in double spacing and
then I found that a paragraph I wrote really fitted in better somewhere else, so I’d cut
up these sheets, you see, and staple them together. So my cut and paste was on paper,
right, to actually move things about to involve rewriting it out again, so – and clearly
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this was important ‘cause the secretaries were not able to do this, and if you had your
secretary type your thesis the last thing you wanted was have to get some redone
‘cause, you know, that was difficult. And of course multiple copies were done with
carbon paper and that sort of thing, so the quality of the copies wasn’t always as good
as you would have liked. But, you know, those were the principle people I had to get
on with in the early days. Perhaps, the odd visit to the registrar or the bursar to
discuss, you know, other problems. You know, for example, your finance problems
and things, you know, were fairly rare but did happen.

You mentioned two technicians a little while again.

Yeah.

Do you remember who were they? Do you remember their names?
Arnold Vaughan was one, and Arnold – the other one was also Arnold but I can’t
remember his last name, but they were both excellent technicians and they did a very
good job for us, yes. There were other technicians in the workshop who we used
obviously to produce the metal chassis that we used and things like that, and they also
helped FC Williams and Tommy Thomas in the making of things like magnetic heads
and things because those required mechanical operations. And so there were – again I
can’t remember his last name but Arthur was his first name. So again we used Arthur,
who was in charge of the workshop, to do those sort of things. Now there were of
course in the department a number of other research students who were working in
other areas, some in vacuum technology and of course we did meet these at lunch
time and at other times, a bit social occasions, but we weren’t involved – we weren’t
involved with the particular work they were doing really directly, so there were a few
other people. Peter Hoffman is one man who was involved doing something else
which was concerned with vacuum technology but he was sort of moving partly into
our area as well, and he was an author on that cathode ray tube paper, the recent
advances in cathode ray tubes that I mentioned to you. So again – and he became a
colleague because he became a lecturer later on as well, and later a professor, so I got
to know him very well.
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[1:10:10]
What else do technicians do –
Well, technicians –

In a laboratory?

Well, technicians help to run the electronics laboratories for students. They helped to
do the research work that was going on. And there were various laboratories, there
was a vacuum laboratory, so there would be a technician associated with that. There
were two electronics laboratories, there were two machines laboratories, so these had
different technicians for doing that activity, see. And there were some research
technicians doing the computer work.

Right.

So, you know, there would be ten or so technicians in the department.

And they also helped build things then for you?

Right, yes. Yes, you could divert effort from one area to another, you know, under
emergency conditions.

It sounded like when you first mentioned them you had to be quite delicate in how you
dealt with the technicians to get the best there. You sort of mentioned how it was
important to get on well with them, I was just wondering –
Well, yes, if you wanted a good service, you know, you wouldn’t – you wouldn’t fall
out with them, right, because – and really if you discovered some mistakes in the
construction you would be, you know, polite about it but point out that you didn’t
want to happen again, you know, you’d be – you know, they’d realise that this was
important and perhaps, you know, they’d make sure – but I mean it was the same
problem in the factory, they were making things. The man who was getting it made
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for you would then have to put it into the test department and the, er, you know,
correction department. So all I’m saying is with the technician, you and the
technician were involved in these processes really but it wasn’t quite so formal.

When you first arrived there the other people there were actually Williams, Tom
Kilburn, Geoff Tootill, Alec Robinson and Tommy Thomas.

Yes, he came with me.
Could you tell me a little more about Tommy Thomas? ‘Cause he’s all at the same
level as you, I was –
Yes, yes, I mean he was – he came as an undergraduate with me to do physics, he –
and so we did three years together in the physics department, and in the final year we
both specialised in the electronics section, so we both took FC’s lectures on digital
techniques and solar mechanisms. We both did projects, electronics projects in the
electrical engineering department. We both did very well in those – in that activity
and we both got taken on to do research. So when we went – we went together to see
FC about doing research because we were sort of companionship, you know, we – we
could – we weren’t quite as isolated and on our own so to speak, so we went together
to go that. And then we also travelled up from South Wales. He lived in the Swansea
area, so we met in Cardiff and came up on down on the train together just for
company. Er, he lived in a hall of residence for his three years as a student, I lived in
a hall of residence, but they were different halls and so we did meet together when we
played rugby against one another as different halls of residence and so on. So, yes, so
there was a competitive element on the sports side, er, but – and we remain still good
friends.

Hmm, hmm. And FC Williams was the top boss then.

Right.

How was he to work under as a grad student?
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Oh, excellent. I mean he wanted things done quickly, and I’ve explained to you
before if he wanted some component changed on a board in the computer, you didn’t
actually switch the machine off because that was a whole process. As you know
switching off your PC takes a time to switch off and switch on and get back to where
you were, so you’re not allowed to switch it off. So all soldering irons were
unearthed so you could, you know, connect the high voltage, you know, without a
problem to solder your component in so, yes, so he made that quite clear. The first
day I went to change a component I went to switch it off, he said, ‘Don’t switch it off,
no, we never switch the machine off just to change a component like that, solder it
on.’ ‘And I’ll do it’ he said, ‘just to show you that it’s safe.’ So he demonstrated, he
did it, you know, and after that you – you were expected to do so in the same way. So
there was a – and I think coming from the Second World War experience there was an
urgency in – with both Tom Kilburn and FC Williams to get things done and get
things done promptly but properly. That is not in a, you know – not in a – at least
anything that was changed was done in a thought out way, it wasn’t done as a trial and
error process.

[1:15:40]
Hmm. How was Tom Kilburn to work with at this point? I’m aware you worked
together for years later –

Yeah.

But I wonder what it was like in the early days.
Oh, he was – he was very receptive to me particularly ‘cause I worked with him
‘cause I was expanding the prototype and so I was worked very closely with Tom. I
personally read his thesis and corrected spelling errors and things, and so that was a
favour that I’d done him in the first place. But it was a favour to me as well ‘cause I
was reading all about the work that he’d actually done, you know, before there were
any papers published on it or anything. There was a document that he’d written
previously on the CRT memory which was circulated both in the UK and in the
States, which aroused a great deal of interest, but there was just that one document
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and his thesis which, you know, I read. But again he was – he was very good but built
really – he’d done his work under FC Williams and, you know, a lot of the qualities
were the same. That is he would throw you in at the deep end so that, you know, one
day he came in and said, ‘Right, now we’ve got all this – we’ve got the magnetic store
upstairs and we’ve got a mechanical system to do the interchange. Go away and
make me an automatic system for transferring it.’ And I mean when he says go away
and do it, I mean I was left to decide how to get the instructions, how to discuss with
people the nature of the instructions, you know, clearly there was a read and a write
but would it be sensible to have a check, that after you’d written you could do a check
if you wanted that it had been written correctly, and so on, okay. And how many
tracks did we want to cater for, how big a system, were we catering for something that
was going to happen later in the Mark 1 or we were just catering as quickly as
possible for something to do with the expanding prototype? You know, all these sort
of decisions had to be taken, you know. What were the valves we were using for
selection on the drum, you know, I didn’t have an option to change those, you know,
how do we get by with those valves and so on. So there were – there were a sort of
set of conditions which were already established and there were a lot of discussions to
– in terms of detail about how we should go about it. And then the actual design and
the building of it was, you know, completely me on my own.

And how do you think FC Williams and Tom Kilburn got on together?
Oh, they got on very well ‘cause they’d obviously got on for a few years before.
Clearly FC had selected Tom or asked Tom to come with him to Manchester, and
clearly he’d responded to that and so – no, they were – they were really good friends
really at that early stage even though – even though I’d describe Tom as a PhD
student, he was a fairly senior PhD student ‘cause he was a, you know, at that stage an
experienced engineer as well and he was really using the opportunity to, you know,
get better academic qualifications really, which he thought was a good thing. And he
was really interested in the project, had really made, er – I think what FC Williams –
the nature of FC Williams was he would quite like to do something jointly. When
you demonstrated you were really capable on your own, provided you sort of kept him
in touch, the periods in which you do this got longer and longer. So, you know, you
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got the feeling you were trusted to go on doing the thing really, and the same was true
of Tom.

[1:19:35]
Did you see much of Geoff Tootill, was he –?
Oh, Geoff. Geoff was – I mean I consider Geoff very similar to myself at that stage.
He was doing an MSc, I was doing an MSc, erm, and he had a – I mean I don’t know
whether you know but he had a notebook which, you know, all the scientific civil
service had notebooks and they kept and wrote up these things. Now when he left the
department he threw it in the bin. Now I rescued it, right, and the reason that Geoff’s
notebook still existed, it’s only because of me, okay, ‘cause I rescued it. I gave it to
Simon Lavington when he was trying to do the history, so he was looking at when
they could try and try and predict the dates of when the Baby operated, right, they got
it from that book, okay. When they found out which program that Turing had done
they got it from that book.

But it was you that rescued it from the bin.
But it was me that rescued it, okay, and gave it to Simon ‘cause he was doing the
history and there was obviously – you know, it was a supporting document from that
point of view.

How was Geoff to work with?
… Oh, he was – you know, I regard him as a very reasonable colleague really, yeah. I
mean he was quite friendly, quite excitable. Er, he was very interested in what he was
doing and he was very – quite competent and … but he certainly wasn’t interested –
he wasn’t interested, probably like Tom, in going on to a PhD, so really when I was
there we were very friendly for the time. But you see, he left fairly shortly to go to –
with Ferranti doing the Mark 1 he left to go there, so really once he’d got his MSc that
aspect of his activity was all over really. So the amount of contact I had in those days
was really just – you know, just that year really.
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 108
C1379/11 Track 3

I think the only other person you mentioned was Alec Robinson, and he’s a PhD
student then at this point?

Yes. Yes, Alec did the multiplier and I certainly discussed with Alec how the
multiplier worked and it was, er – it was quite interesting ‘cause it used the CRT as a
memory for the multiplier and the multiplicand. And what you did is you scanned
along the multiplier till you found the first one, and then you produced a sub-product
at that stage just from that position, so really the number of additions you did and the
sub-products related to how many ones you found, okay, so – and of course that
shortened the process. And of course you put it in at the right significance as well, so
that was – that was quite an interesting development that he was doing and he
certainly produced it and, er, we certainly connected it onto the – you know, onto the
expanding machine, and it certainly worked on it. Alec had also done some work on
digital circuits for doing other operations like and, not and addition, and he’d written
that up as a paper as well because he’d come from English Electric in the first
instance and he’d heard about the work at Manchester and he was very interested. I
don’t think English Electric at that stage were involved in digital computing, so he’d
come to Manchester to find out about it and, er …

Did you know what FC Williams, Tom Kilburn and Geoff had actually been doing
during the war at TRE?
I still don’t know [laughs]. No, what – I mean in the sense that – in the sense that I
know FC was involved in – you know, they had a thing on British aircraft which says
friend or foe, you could identify when you got a radar reflection. You tested a device
on the plane which would essentially say friend or foe, right, and if it didn’t respond it
was foe, if it did respond it was friend, okay. And I mean certainly I know he was
involved in that but what other work in detail they did, they were all under the, you
know, secrets act and things and so they never actually discussed their work in
general. But of course a lot of the things, the particular circuits that FC designed
which might have been used in this work were written up in papers and written up in
reports and things and I certainly saw those, okay. So some of their work, particularly
FC’s, the circuit work, I certainly had access to. Tom Kilburn described to me one
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time that he was doing something, flying in an aircraft over Canada, where he was
varying the voltage, you know, in order to keep the equipment working because it had
to be done in a hurry and it was a bit tentative but – and he described going over in
this plane from England to Canada where there was a vacuum flask pinned to the
wall, right of the plane, to the fuselage of the plane, and they were told we’ll have it
halfway across you see, it’ll be nice to have a nice warm drink. Well, when they got
it, it was stone cold. The cold – you know, the aircraft was minimum insulation and
all this sort of thing, so they were well wrapped up but even in the thermos flask the
coffee was cold, so that’s about it really in terms of tales of the war from Tom. I
never really got any further with that at all.

[1:25:50]

You mentioned Geoff as being excitable a few moments ago; I was wondering if there
were any examples of this?
No, I’ve always thought of him as a bit excitable. In particular when he’s talking
about computing and sort of really dealing with him at people, you know, on the
occasions of the forty year celebrations when he’s talking to journalists and this sort
of thing, you know, I get this feeling that really I think at the time he was just a useful
colleague, you know, in the very early days. But, you know, he was always very
active and always doing things and, er, again, you know, the urgency was always
there with his activity. So I think that would summarise really what I felt.

Talking about secrets and war work, did you have any idea what Newman and Turing
had been up to during the war?

Well, I knew Newman had been in charge of Bletchley Park. I knew that he was in
charge, you know, essentially of the code breaking operation and really he was
responsible for the design of the machine which did the code breaking.
And you knew this at the time or –?
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Er … I knew he’d come from Bletchley Park fairly early on, right. I knew he was
responsible for the code breaking machine and I knew that he’d worked with Dollis
Hill. I knew this fairly early on because odd people kept asking what information had
we received from Dollis Hill or from Newman. And at lectures I gave much later on,
I had people get up who had obviously been at Bletchley Park and said things like
they’d actually packed up a complete machine to send to Manchester, now – and I
mean he’d done that from his own thing, you know, so what was I going to say about
that. And I said as far as I was aware no such machine was arranged at Manchester,
there was certainly no written information about it, and if anything from that machine
was used it would only be that the racks, which I described as post office racks on
which the equipment was assembled, because that was the only thing that I knew that
had come from outside were the tall racks on which the prototype was built, but I –
you know, that was really the only connection that I had. That’s why we – I got a sort
of inkling of what Newman had been up to.
When about was this lecture? Was this –?

Oh, this was a lecture given I think to the IEE, somewhere down like in Stoke or
somewhere like that, right.
What sort of timeframe are we looking at? Just so I’ve got it straight in my head.
Oh, I should say this would be probably later on, like in the late ‘60s, when for some
reason they were wanting – they decided to have some sort of history lecture on, you
know, the start of computers at Manchester or something like this.

Oh, right.

So I mean you hear a number of these lectures from time to time, you know. The IEE
from time to time went over and certainly after I retired, you know, things like that. I
did a number of lectures, one in Ireland and things like this, you know, where I got
invited over to, you know, talk about computing development and things – but
starting off at the beginning. And I think I called it from ugly duckling to elegant
swan, question mark [both laugh].
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[1:30:30]
While we’re on the subject of secrets. You’re a mathematician, I was just wondering
was there any suggestion that Turing was homosexual early on or –?

No, nothing, nothing at all till it actually came to light, no indication. Er, it was much
less a topic of dis – I mean these days it seems to be a topic of general discussion and
they’re talking about, you know, telling people in schools about it and all the rest of it.
And my twins who are sixteen certainly know all about it, right, but – but in those
days I mean there wasn’t even a reference to it, and it certainly came as a complete
surprise and shock, if you like, to us at that stage when it became known.

But when did it become known?
… Well, I suppose it – I mean I would say two years before he committed suicide sort
of order.
So early ‘50s then. What was the –? Was there any influence from the
mathematicians on the computer development at Manchester in the early days that
you were aware of at the time?
… Newman contributed to the idea of the B-store, which is the index registers. Now
that was an architectural development which was original and is still in machines,
right. And he was one of the authors on the patent with I think FC and Tom Kilburn,
right, so there’s no doubt that he was a contributor ‘cause if he – you know, FC and
Tom Kilburn were certainly very fair when anybody made a contribution, so there’s
no doubt that that idea was discussed and the implementation came from him, so
there’s no doubt that Newman contributed to that. I mentioned already that one of the
first programs he did, which ran on the Mark 1, ran on the prototype initially but then
ran on the Mark 1 again, was to do with Mersenne primes, and that involved working
with multi-length – multi-word length numbers, and he certainly introduced
instructions in the Mark 1 which were concerned with making the operations, i.e.
when you dealt with long numbers much easier, so there’s certainly a contribution
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 112
C1379/11 Track 3

there. He was certainly involved in the discussion overall on the Mark 1 machine
code that was – that it was built with. So, yes, there’s no doubt that he contributed to
those. But in terms of, if you like, his original concept of getting the machine from,
using the Von Neumann machine from the States, a Von Neumann design from the
States, using the selectron from RCA as a storage for it and so on, the original concept
that he started with, as far as I was concerned, didn’t really get anywhere. The only
thing I would say is there are no papers concerned with that project at all. I’ve never
seen any document of any sort, either in the early days or there doesn’t seem to be a
publication. The publication that he made in the Royal Society was a very general
publication about digital computing about, you know, what digital computing was,
right. There was nothing about the architecture, right, of what his machine was at all,
I’ve never seen anything like that. So the machine was influenced by Newman in the
sense that it had B registers, it had certain instructions, and it was influenced by
Turing in terms of the instructions as well because insisted on having a random access
generator, random number generator, hmm. And not only did he insist on the random
number generator, he produced the design for this generator, the engineering design of
the generator, and that was certainly built into the Mark 1. But, whereas that sort of
number generator is very useful if you build a machine line ERNIE, right, for
computer work in general it’s much more useful to get pseudo-random number
generators which are reproducible so if you get a problem you can go back to the
effect. So in a sense the random number generator for our scientific computing work
was not used, and was not really used. But that’s the contribution, if you like, of the
mathematicians to the machine. Er, Turing contributed to the random number
generator, he also contributed by donating or by getting teleprinter equipment for
input and output for the prototype machine, for the expanded prototype, and I actually
connected that into the expanded prototype. But those are only the pos – you know,
those are the specific contributions. There was no contribution other than that to, if
you like, the other architecture of the Mark 1.

[1:35:50]

You mentioned a little while ago something else I wanted to pick up on, which was
when you read Tom Kilburn’s thesis it was one of only two documents you had on the
computers.
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 113
C1379/11 Track 3

Right.

What was the other one?
Well, the other one was his earlier document which is a progress report which he’d
written – he had to write essentially because he was a scientific officer at RRE, right.
He had to write a report on work his work had done for his secondment to
Manchester, so in – so having started at the beginning of the year, right, he had to
write a yearly report. So he wrote that report, you see, which was December ‘48.
Well, he wrote a report in December ‘48 about the work he’d done, right. And, er,
that report really I – December ‘48? It can’t be – I can’t be sure of these times,
whether it was December – I said a year didn’t I? December ‘47 it would be. The
report in December ‘47 on his progress on the CRT where it had gone from one bit
stored to 1024 stored.
Did you ever read at the time Von Neumann’s report on EDVAC, first draft or –?
I never, ever read – I’ve never, ever read Von Neumann’s report. If you like, at the
time, you know, things didn’t get reported quickly. If you wrote a note in Nature it
got reported quickly but if you wrote in the IEE it could be, you know, a year or even
longer to get it published. So – and I think if you remember in ‘48 there was the big
conference at the Moore School on computing, which was July and August. I mean it
was a course really rather than a conference. Now for those people who attended
there might have been some papers available but the actual publication of those things
were not done until an awful long time later, and so they certainly weren’t available I
remember for, you know, a minimum of a year after, and they weren’t all available
together, I think there were only a couple of volumes at least.

So what does the computer development engineer in Manchester like yourself read for
inspiration and advice in the late ‘40s?
Well, I think I’ve told you this before that –
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I don’t know if it’s on tape or it’s –
That I asked FC what was available to read but he said there’s nothing worth reading,
get on with the work you’re doing and write it up yourself for other people to read.
Now he probably said that tongue in cheek, do you understand, but it was – it creates
an emphasis, ‘cause having come in as a research student I was looking for something
to read. Now some of the things that both Tommy and I chased up, he was doing
magnetic recording and we certainly looked up magnetic recording literature, what
was available, you know, wire recording, all this sort of thing, to see whether there is
anything of value. But in the end on that we came to the decision that the best thing
we could do was to suck it and see, right, which is in a sense what was done on the
disc that we had.

This seems a good point for a break.

Okay, right okay, fine.

[End of Track 3]
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Track 4

I think we are good to go. Publishing, how did you first come to be published?
Well, if you’re working in a university, even in those days, the approach of publish or
perish, if you’re thinking of stopping in a university, was certainly very prevalent.
For my first paper, which was concerned with the Mark 1, the machine, Tom Kilburn
and a group of us, being Geoff Tootill, myself and Brian Pollard, who was the
manager of the Ferranti set up at that stage, implemented – Ferranti' implemented the
computer, erm, decided the paper should be written. Tom Kilburn suggested that the
three people should write various sections, I can’t honestly remember how the thing
was divided at the moment, but then we would submit it to him and he would then
combine these, put them into a sensible format. So this was all done. People wrote
the sections on time, we submitted them to Tom, and I think he said I’ll arrange a
meeting in a day or two’s time, which was arranged. We all turned up, I think about
ten o’clock in the morning as I remember. We all sat down and Tom says, ‘Well, I
have some bad news for you. First I’ve been told that there’s a lecture in the States
which needs to be given and I have to do some work to prepare that, and it’s in the
next few weeks or so. So that has to get done now. Secondly is I’ve found each of
your contributions so widely different, differing in style, that the thing will need to be
completely rewritten and I don’t have the time or inclination to actually do that at the
moment. In these circumstances there is only one thing I can do,’ and he threw the
contributions into the waste bin and walked out of the room. We all looked at one
another and not a word was said but then Brian Pollard and Tom, who were more
senior than me, walked out of the room also. And I was left there to contemplate the
situation, and I thought this isn’t a good start [laughs]. I’ll collect these contributions
and I’ll have a go, see what I can do with the paper. So I wrote it and sent it off to the
IEE, er, on behalf of the department, so to speak, and left it at that. And of course
time went by as the thing was refereed and so on, and later Tom came in, quite
interested, and said to me, ‘This paper that I rejected has been accepted by the IEE.
There are a few, you know, revisions required but, you know, it is accepted,’ so he
says, ‘who did it?’ So I said, ‘I did,’ and that’s how my first paper got published.

[laughs] Were you an IEE member?
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 116
C1379/11 Track 4

Well, I was a – when I started doing research, in those days, you know, it was quite
important to have an apprenticeship to be able to join the IEE as a graduate member.
And Professor Williams said – I mean I think it was after a year or two, that he would
be prepared to write a letter to the IEE saying that I’d worked for him for two years
and he was quite satisfied with my performance and I didn’t need to do an
apprenticeship and would they appoint me as a graduate member, which they did in
fact. So I was quite glad for that and later on got promoted to, you know, a member
and so on. So, you know, that was how it started really.

What were the benefits of IEE membership?
Well, of course you got access to the papers they published, you got – you were able
to get – you know, you were able to purchase those at a reasonable price if you
required. Erm, there was an advantage to being a member if you were an academic
because there were regular meetings of the society and regular lectures in the evenings
during the winter time, that sort of thing. And of course later on I – you know, I
became chairman of the electronics section and chairman of the students’ section and
various things, so you felt you were doing your part to be an engineer. I then got, you
know, onto the meetings in London and this sort of thing, so you were becoming part
of an organisation. In those days of course I had the strong feeling that they weren’t
doing enough computing, so there was some promotional work to do but of course in
the early days when digital computing was not really recognised, this was a very
difficult process.

[06:00]

Hmm. Did you think in the early days that computing would stay as a segment of
electrical engineering or was it clear it was going to spin off in its own direction
eventually?

Well, of course a separate society was formed, the British Computer Society. But
having started off with the IEE, I personally never became a member of the British
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Computer Society, though I was asked to be a main speaker at their fifty year
celebration in, er, 1984 or something, perhaps later than that, but it’s, er …

You mentioned that you were chairman of a couple of IEE committees.

Yes. Yeah, the local ones in Manchester.
What do IEE committees do, if you’ll pardon the ignorance?
Oh, it arranges – I mean one of the main things it does is to arrange a series of lectures
during the – generally during the winter period, so that you were – so these are for
members to attend. And then the topics varied obviously right across the spectrum of
electronics. I mean there were various societies that people – there was heavy
electrical engineering, so – and then of course it varied. The students section was
really concerned really with getting students interested in various aspects of electrical
engineering and so on.

What sort of publicity work did you have to do for computing in the IEE?
Well, there’s a whole section in London which does all that, so all the – all the
circulation of all the meetings and all that was done through the London organisation
really. And they have a place on – it’s in Savoy Place with a very nice building
overlooking the Thames on one side, and it’s – and they have a nice library, so you’ve
access to a library as well. There are conferences and so on that they arrange, so I
mean they have – they ran computer conferences and so on, so, yes.

[08:30]
You’ve mentioned that at first you didn’t think the IEE were taking computing as
seriously as they might. How was that the case? What was their view on it from your
point of view?
Well, it was not only that – it was not only the – it was not only electrical engineering,
i.e., it was the whole country took – you know, the interest in digital computing. As
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I’ve said before, you’re either a desperate user or a very interested experimenter, an
experimental engineer trying to make this thing work and succeed. So there are only
those two groups of people which, as you can see, was relatively small. I mean at the
first conference in Cambridge there were only about 100 people, you know, with a
few international at – at Manchester, which was later, you know, there were the same
number.

Hmm. Did you go to the Cambridge conference?

Yes, yes.

What are your memories of it?
Well, it was very good really and it’s another indication of FC Williams’ friendliness
because Tommy Thomas and myself travelled down with him in his car to the
conference, so it was very good. And of course it was the first time we’d really – I
mean we’d met Professor Williams before because he’d come up to Manchester to
talk to us and things but it was the first time that we’d seen his other groups or even
met a few people from international, with international interests and so on. So it was
really the first time we’d seen other people working in the area but from other places,
so – and that was quite an exciting time.
How long was the conference then? Was it just a few days or a week or –?
Oh, I think it was – I mean if I said two or three days I think that was it really, yeah.

Hmm. Was there anything particularly you found exciting about it other than meeting
new people?

Well, I think learning what other people were doing. There was some work on
magnetic recording and things like this. There were, you know, other people’s ideas
on aspects of computing and so on, so yes. So, no, the – I think the publication –
‘cause it was published as well, so the documents were interesting and the, er,
attendance – the attendance list in itself was interesting as well, and so on, yes. So,
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no, there was some items of interest and we were very keen to go I remember, and I
think we were quite pleased with the conference, yes.
You mentioned as well that this was the first time that you’d met these other people
who had been involved with other computer projects.

Yes.

I was wondering how aware were you of what was happening at, say, Cambridge and
the NPL at this point.
Well, minimally. We were aware they existed, erm, but I don’t think I’d seen any
documents from either of those places prior to that – prior to that conference. The
man who was in charge of the Cambridge engineering, a man called Bill Renwick
who later went to work for Plessey company in the computer and digital area, I got to
know very well later on and he was – he was a very good character as well.

[12:15]

Did you have any visitors to the Manchester computer from elsewhere?

Er, we had very frequent visits from the Americans, and particularly the embassy in
London used to send their naval intelligence people and we used to get senior people
from IBM like Samuels and things come to visit us. In fact there’s a – I don’t know
what the truth is in this story but Samuels came to visit us later on when we
demonstrated – it would be 1954, and so on, when we demonstrated to him the, er, the
Meg working with floating point arithmetic, so we demonstrated programs running to
him with floating point arithmetic. Now we believe that he was instrumental when he
went back to the States in stopping ICL’s production of their then machine, which was
fixed point, and three months later introducing it with – you know, with another
number on which was the floating point machine. I mean they might well have been
working on floating point previous to that, right. In view of the timescale talked about
I suspect they were but I think he was implicit in actually seeing that they went down
that road, so to speak, fairly rapidly.
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You mentioned Meg there a moment ago. If we turn a little bit to your involvement
with computer development in Manchester then directly. So you’d – your research
was initially on improving the Mark 1 CRT store, yes?

Yes.

What happened after that?

To my research?

Yeah.

Well, that was what my thesis was about really, was expanding the Baby and the
CRT. The conference, now that was 19 – December ‘49 I got my MSc, so that’s ‘53.
Er, in that period following we were really involved with helping Ferranti to generate
the Mark 1, and also I became an assistant lecturer on that date, okay. So I did get
myself some other duties [laughs] at that stage. And, er … so I would say until – in
1950s I was concerned mainly with helping to produce the Mark 1, talking to
Ferrantis, in discussions with them, getting the design exactly established and the
thing made. Then in February ‘51 the machine was delivered to the university, and
July ‘51 the machine was inaugurated and the user service run and so on, right. But
prior to that a bit we’d been starting to think about what the next step was, hmm, so if
you like, in the ‘50s and the early ‘51s we were thinking how to proceed, how would
we go to the next level and what sort of machine we would build. So we were already
starting to think in terms of a faster machine and a floating point machine, hmm, and
we were really worrying about how to get the circuitry to work faster and how to, you
know, design the floating point arithmetic. The initial thoughts, if you like, on that, in
that period. Then in 1954 I got my PhD on the design of the Mercury and the thing
was actually running. Well, you can say it would take a year prior to that, particularly
since I was, you know, assistant lecturer as well at that stage ‘cause it takes a year
longer to get your PhD if you’re a member of staff, so it’s not the two years, it’s the
three years, and you’ve got to produce it obviously and get it into shape. And I also
got married in that period [laughs], so there were a few interruptions, so to speak.
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[17:00]

It sounds a very busy four or five years.
[Laughs] Yeah, so –

Oh, right.
So we – yes, so that’s what happened. Now FC Williams helped with the initial
design of the circuitry for that machine, for the Meg, but when he found that Tom and
I particularly, and I think Tommy Thomas as well, were particularly keen to go ahead
on the floating point arithmetic because we were convinced from the users we were
contacting that this was really slowing down their activity, you know, on the Mark 1.
You know, either they had to keep checking their programming or if they tried to use
floating program by software, this also took too long. So they were really – if you
were going to achieve a speed difference we really had to build it into the next
machine. And so his interest started wavering at that stage and he, as head of the
electro-technics department, he started having other thoughts about what other things
to be done. And certainly in the early ‘50s transistors were becoming available and
his attention drifted to point contact transistor design of circuitry, and he lost interest
in the development of the Mercury which he left to us.

Who was us by this point?

Us would be Tom Kilburn, myself and Tommy Thomas, plus some research students
which we were acquiring on the way.

Hmm. What sort of duties were the research students have had then?

What sort of?

What sort of duties did research students have on a project like this?
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Well, they would be, er … contributing something perhaps towards improving the
drum design or, erm … making contributions of things like the multiplier where – a
multiplier’s quite interesting ‘cause I mentioned one type of multiplier which Alec
Robinson was building. When we came to the Mark 1 itself a faster system of
multiplication was used because for that particular part of the machine a semi-parallel
technique was used to speed it up. Now when we came to the Mercury a new design
was thought of where instead of taking digits in the multiplier one at a time, we took
them two at a time. Now the idea being there that if you take two digits, two binary
digits, this is nought to three, right, the value is nought to three, so between nought
and three. So if it’s nought there’s no multiplicand and no sub-product to add. If it’s
one, the sub-product is the value of D itself. If it’s two, then it’s 2D, which is all you
have to do there is to move the leads one along to get twice the value, so that requires
an effort. But if it’s 3D you’ve got to have a 3D value stored already. Now if you do
that you halve the number of sub-products that you’ve got to add. So if you’ve got
forty digits you take them two at a time, there’s only twenty sub-products to add
instead of forty, right.

Right.
And of course if you – if you’re taking a fountain [ph] and you have 3D to produce
first of all, then you’ve one addition to produce 3D and store it. So the other person –
so one person was working on improvements to the drum system, the other person
was working on something like the design of the new multiplier. [ Interview meant to
say, if you're doing multiplication you have to produce 3D first of all, so that you've
one extra addition to produce 3D and store it.]

Right.
Okay. So it gives you the sort of – the sort of ideas that you had to make
improvements, do you see? Hmm.

And the other three main people in the design people then are you, Tommy Thomas
and Tom Kilburn?
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Right.

How do you divide the design duties between you all?
Well I think it’s difficult to be precise about that, you – because it was – it was a team
effort really while you were talking about it. You would come in, you know – FC
Williams was always keen on ideas in the bath because then these were absolutely
independent ideas, right, from other ideas that had gone on. They couldn’t be
attributed to industry connections or meetings or other things, you had them in the
bath. So he’d have an idea in the bath, you see, where he’d say, ‘You know the thing
we were discussing yesterday? Well, I’ve had this brilliant idea so you change it.’
Hmm. So that was the sort of mode of operation. So, yes, I mean there’s no doubt
that we all contributed, you know, significantly and Tom was really a driving force in
assuring that we kept things done to time and in, er … you know, when Ferranti
became interested in getting things done with Ferranti and talking to them and so on.
‘Cause in a sense, when the initial preparations were being discussed or the initial
ideas, I mean if it was a lecture he was giving with Ferranti people there come to just
talk about it, we would be there as well to help out, all right. But if it was going to
discuss with the manager about was this going to be a commercial venture or
something, then he would tend to do that himself ‘cause we really weren’t in a
position to say anything on behalf of the university.

[23:15]

Hmm. When did Ferranti get involved with Meg then? Was the idea there from the
word go that they were going to commercialise it?
No, no, I think – I think it was independent, that the start was absolutely independent
and, er, when we’d actually – I mean we actually produced a completely running,
operating version by 1954. Now the Ferranti version didn’t get built until 1958, and
so I can say really that the discussions with Ferranti didn’t start till fairly late on. Er,
and then some of the discussions were the fact, for example, that in the Meg we had a
parallel operating CRT store. Now you know that I’ve mentioned that the reliability
of the CRT store wasn’t as good as we would have liked. It had the advantage of
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being random access but it also wasn’t as reliable as we would have liked. And so at
that stage Ferranti were having doubts about whether that was a technique which they
would pursue if they built a version of the Mercury – of the Meg, if they built a
version of the Meg, and in fact core storage was just about coming in about that time.
And so Alec Robinson, in fact, designed a core store to replace the parallel store that
we’d used in Mercury. So the business about converting that we’d done, which was
converting from the parallel to the serial operation on the Mercury and back again
from the serial to the parallel, that was all remained, but the actual store itself changed
to core store, magnetic core store. And Alec Robinson did the design because he
knew us, we knew him and, you know, there was a certain confidence and, if you like,
already an acceptance on each other’s capabilities if you like in that respect.
Right. So Meg’s got parallel CRTs but Mercury’s got core.

Yeah.

Right, okay.

Okay.
It’s an interesting way that Ferranti and you people at university seem to have, you
know, differences between you in the outlook of computers and what the important
bits are.

Well, I think we would agree with them and we would have agreed with them at that
stage obviously – of the core CRT but I mean having gone to them, if you like, to talk
about the core arrangement and this, the reaction of Ferranti, bearing in mind
commercial things and their previous experience was, we think, you know, this should
have core storing, how do we go about doing that, you know, and can we do that, you
know. So it would be discussed – yes, you know, we would probably agree with them
fairly rapidly, so I don’t think there was a – I don’t think there would be a significant
discussion over that but we said, you know, providing the work would go on who was
going to do it. ‘Well, Alec’s going to do it,’ ‘Oh that’s a good idea,’ right.
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[laughs] Yeah.

Yeah.

[26:40]
I’m going to ask quite a big wide ranging question here which – your PhD thesis is on
the design of Meg.

Yes.

How does one design a computer in the early 1950s? Can you talk me through the
process you have to go through?
… Right. Well, the first thing you have to know is what sort of thing – I mean you
can start in parts, if you like. There are engineering things like the design of the
arithmetic unit, right. There were two aspects to that, one was floating point and the
other was – the floating point, now that includes arithmetic, floating point arithmetic,
that includes a multiplier, do you have any ideas about how to build an improved
multiplier, right. So you can see there, there are some actions to be taken, right,
floating point arithmetic, improve multiplier. There are things like how fast can we
go. Now, er, in a sense the Mark 1 operated at a clock speed of 100 kilohertz, which
is ten microseconds per bit, okay. Now we’d done some work for the high voltage
engineers in the electrical engineering department, they wanted to do some
measurements and they wanted counting circuits to work at a one microsecond
operation speed clock. And so we’d actually taken the circuits that we used in the
Mark 1 and just boosted them, current wise, kept them the same voltage size and that
sort of thing, to generate this counter set up for them, which obviously the first
counters were having to work at a microsecond. And they were all – I mean all the
edges had to occur at high speed, so – and we’d found that this took a lot of power
and the reliability really wasn’t all that bright. So we were thinking, how do we
design a more reliable set of circuits to work at a megahertz, right. And so we
decided to lower the voltage, because it was fifty volts in the – fifty volts in the Mark
1, what do we lower it to in the Mercury, so we had that decision to take. How can
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 126
C1379/11 Track 4

we improve the speed? Now in conjunction with FC Williams we decided to look at
the use of electrical delay lines circuitry for this operation, and we found that we
could design some quite efficient and high speed counting circuits using electrical
delay lines, using – you know, for this purpose. Also our registers, instead of using
flip flops which we were using previously, we decided to use – since it was a serial
operation circuit, we decided to use in a lot of cases serial word storage in electrical
delay lines for so – keep ten digits in electrical delay lines. So it’d only be ten
microseconds till you got the thing out, you see. So the whole of the Mercury was
designed using electrical delay line circuitry, hmm, really. I mean obviously we had
to have odd flip flops and things around the place but most of the circuitry was done
using not static circuitry but electrical delay lines, and so – so you had all these
decisions to take. Then you have to decide how do we get the electrical delay lines.
Well, the next thing was they were made in-house, in the mechanical workshop, by
winding – you could get a microsecond in six inches on a piece of Bakelite rod, okay.
So instead of making it out of fixed components they were made by just winding on a
rod, and the earth frame was made by just winding a double layer of things to one end
and then the coil for doing the inductance with the capacity between that and the earth
layer was just wound by winding another coil on top of it. So this is how the
electrical delay line was actually manufactured and proved quite successful and, you
know, used thereafter, and of course quite cheap to make and build. So that’s the sort
of – that gives you the sort of thing that happened from an engineering point of view.
And then we had to decide of course on the instruction size and length, how long
should floating point numbers be, what should – you know, what should the, er …
system be to arrange this and all the rest of it. And that of course – what my thesis
described, was in detail the way and the detail of all the floating point instructions and
how we coped with standardising the instructions, standardising the numbers that you
use and so on, right, and of course how when you got double length numbers in terms
of multiplication, how you used these in various ways. So, yes, so there was a whole
lot of thought had to go in and discussion with the – you know, with potential users
about how they would sensibly use them and so on, so – and I think the Mercury
floating point proved, you know, quite successful really.

[33:20]
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Hmm. And these sorts of decisions then, are they taken in the group?
Yeah, well, they’re taken over a period of time.

Right.
Sort of – when you’re developing the sort of circuitry you might use you’re discussing
how you’re going to use them, right, and what the actual construction is to use them,
you know, and er, so that you decide details of the use before you actually build it, so
you’re not stuck with having to change – you know, change something after you’ve
built it. So when – by the time you come to actually build you’re reasonably
confident. You can’t be 100 per cent confident but you’re reasonably confident that
you’re actually building the correct structure in detail, you see.
Hmm. So in terms of designing circuits, for instance, I’m guessing you’re still
working on paper now, everything’s still done by hand.
Er … the circuitry that we used was all capable of being designed on the back of an
envelope, right. This was FC Williams’ design technique, right. And, er, I mean you
had certain functions to do like counting, okay, was obviously a critical thing, like just
storing information, like converting from parallel to serial and serial to parallel. Er …
like, for example, the thing called the Z counter. It’s a form of counting but what you
have to do when you take a word, after you’ve calculated it – let’s suppose you’ve
done a subtraction and most of the digits, or the most significant I suppose, are two
numbers. The most significant digits have disappeared and you’re only left with a
runt of information, okay, there, but you’ve got to produce it in a standard format, so
you’ve got to move it up and alter the … indices of it, you see, right, so say how it’s
going to work, right. And so you’ve got to count how many digits you have to move
it from the existing number, so – and you want that to be acquired as the thing’s going
on, you see, so there’s a few peculiarities like this that you have to do in the circuitry,
right, to implement. But in general, as I say, once you’ve established the basic
technique you find that the rest can be, you know, done on a – on the back of an
envelope really. And of course the other problem you’ve got is trying to drive from
one source a number of circuits. This is a much more prevalent operation in a parallel
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computer where you’ve clearly got to operate a whole word of activity from one
source like, say, take this word now. In a serial machine you generally only have one
thing at once, right, but in a parallel machine you have the other problem of having
some much more powerful things which can drive fifty circuits at once, you see, and
so you have another problem there of deciding how to provide that power.
Hmm. So some sort of engineering problem then –

Right.

Rather than a computer architecture one so much.

Yes, I mean there are two separate problems. There are architectural problems which
floating point operation, the design of the multiplier, the size of the instruction, er,
you know, do you have two instructions in a word or one instruction in a word, what
is your length of your floating point number? You know, how do you specify the fact
there’s – how do you standardise the number, how you deal with round off and all that
sort of thing. So all those are architectural things, if you like, but then there are a
whole set of engineering things of how you achieve these things, and how you achieve
them at a certain speed.
And presumably they’re related together aren’t they?

Well, they are, yes, yes.
So what you’ve described, it sounds almost like an incremental process then from the
Mark 1 to, you know, talking about improving the multiplier.

Yeah.
So it’s something that grows out of the Mark 1 then?

Yes, yes. I mean if you look at all our machines, the multiplier design is pretty well
changed in every one, okay, and it’s tended to become more and more parallel or, you
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know, it’s gone from semi-parallel to like more parallel and, you know, we’ve never
ended up completely parallel but it’s – but it’s gone very much that way, yeah.

[37:25]

Hmm. You mentioned inauguration ceremonies a little while ago. I was wondering if
you could tell me a bit more about those.

Well, generally speaking you have some distinguished people to agree to open the
thing, right, and these are people who have been involved in some way with the
creation, with the use or with the construction, okay, or with providing money
[laughs] to the operation. Then in general there are some lectures about the general
nature of the beast, okay, and then there’s generally a sort of press conference to, you
know, relate what’s happening and how it can be used.

Press conference; so would these be like specialist journalists or just the general
ones?
Well, you’d just say we’re having this – we’re having this thing, do you want to come
along, do you want to send a representative along to – you know, to take an interest.

Did you get much press interest?
Well, there were always – I mean I think with industrial firms, with an industrial firm
involved, there’s always some press interest, yes.

Hmm. I was wondering if you could tell me a little bit more again about how you
actually build a prototype computer. I’m presuming you don’t design the bits to put
them all together and just switch it on. There must be more to it than that [laughs].
I mean it’s generally built bit by bit and you try to test it out bit by bit. Now
interesting really because when we built our MU6 machine one of the components
was a small computer. The advantage of using a small computer is that you could
actually produce a sequence of events to use for test purposes of the bits you were
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putting in. Now what we felt about building the first prototype was you had nothing,
you had – you know, you were starting from scratch. And when you scrap the – when
we scrapped the prototype out of the room and started building the next prototype,
then you started from scratch again, do you understand, right? So, yes, so you can
only test it in a limited way. But, you know, you start with the oscillator sort of which
defines the clock period or, you know, is one thing, and then you go onto count
periods, word lengths in serial basis, you know, how things operate in sequence, you
know, timing periods and so on. So you start with these things, you generate these,
and then you start building in pieces which, you know, which have to utilise these.
And of course there’s another section which is constructing the memory and getting
that to operate and, you know, you need a whole sequence of things for doing that.
And so there are certain things which can go on in parallel, building things, and then
you start bringing things together but it’s all brought together bit by bit as things are
built and are available to test. So you do build on in some sort of sensible order, you
know.

Hmm. What sort of lab facilities did you have by this point to build a computer?
Well, we had a – we had a couple of technicians who would do all the building. We
had a mechanical workshop which would produce the chassis and things. We had
Ferrantis who would produce things for us, hmm. They would produce things not
only for – not only for their production machine or, you know, commercial machines
but they – for the Meg, for example, we – Tommy Thomas and I designed the chassis
which we thought was an improvement on the prototype chassis we’d used for the
Mark 1 and the Baby, right, and improved methods of connecting things to it. And we
– Ferranti’s made those, a number of those. You know, we said, you know, make us
fifty and their mechanical workshops made us fifty and stamped them all out, and so
they were then easy for our technicians to assemble, you see.

Right.

Okay. So that was the technique that was used.
So when was Meg first completed then, ‘54?
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Meg was operating in ‘54, yes, but by that time it had actually moved as well. It
moved from the original building to the new electrical engineering building in Dover
Street. So not only had we built a prototype but we built it in such a way that it could
be moved.
[laughs] That’s quite forward thinking, you know, you sort of see these massive
computer installations and I didn’t realise they could be moved that easily.
Well, if you look at the Mark – if you look at the picture of the Mark 1 you’ll see the
spider’s web nature of the connections, hmm. Now if you look at the Mercury, what
you find is they’re built on the same racks, like that, but what you find is that across
the racks, down the vertical height, there’s sort of wires going across which are just
connection wires linked from one terminal to another, all the way down. So when you
were moving racks all you had to do was disconnect one end of these, right. When
you install them, just connect them up again, so there was no finding places to put
them, they were all done so you could actually move it.

Talking about prototypes a moment as well. Let me just get the sequence of events
straight in my head. So Baby grows into the original Mark 1.
The Baby – yes, the Baby grew into the expanded prototype, and the expanded
prototype grew – you know, from the design of the expanded prototype you built the
Mark 1.

Which was the one that Ferranti delivered.
No, that – Mark 1 wasn’t actually built at the university, do you understand? It was
actually built – the Mark 1 was a machine built at Ferranti’s.
Right, what –?

So you went from the updated prototype to the design of the Mark 1.
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What happened to the updated prototype then? Did you just –?
Just threw it out ‘cause we wanted the room to build the next one.

So how much space did you have for computer development by this point then?

Well, it was the room called magnetism still, which was one room. I mean we had
room – there was another room down the corridor which was used mainly for building
purposes, and there was a mechanical workshop which was another room. We had
any rotating machines in a corridor in the basement, right, so there were things in
other places, so to speak, but essentially – essentially the Baby and the expanded – its
expansion and then it was replaced by the Meg. Those were done in the same – all
done in the same room.
But when did you eventually move from that room then, was this in ‘54 when you went
to Dover Street or –?

We went to Dover Street from there, yes.

Were the facilities any better?
Oh, yes, yes. In Dover Street there were two computer rooms, right, so the – the
Mark 1 moved into Dover Street, right, Mark 1 moved into Dover Street and our Meg
moved – so that moved into one room and the Meg moved into another room, okay.
There were, you know, much bigger electronics facilities. There was a big
mechanical workshop in the basement and so on of the – of the department. Yes, so it
was a much bigger building and the whole of the top floor of the building was the
computer experimentation and use, right, and so we had things like, you know, punch
girls and things for producing paper tape and, hmm – okay. So, yes, so it was a much
more – much bigger organisation by that stage.

And your facilities seemed to be growing a lot then.

Yes, yes.
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So I’m assuming at this point then, so you’ve got the Meg in one room which is being
built and is still experimental and you’re running the computer service on Ferranti
Mark 1 in the other?
Yes, yes, that’s exactly it.

Right.

There was a BBC programme which ran, which shows I think both those machines,
right. I can’t remember what it was called but Simon Lavington might be able to tell
you about that. I have never, ever seen it again but I think there’s a famous comment
in it from FC Williams, which he says that if you condensed the machine down from
its existing size to a two inch cube it would just burst into flames. So I don’t know –
you know, it’d be quite interesting to look at that if you can ever find it. But that’s –
there was a programme which was done by the BBC and it showed both machines. It
showed the Mark 1 and the experimental Mercury.

[47:40]

Were you running an actual computer service by this point?

Oh, yes, yes. Well, I mean a computer service had been running in the other building.
You know the other building I told you about in Dover Street? Well, the computer
service was running – the computer service was running from 1951 when it went into
that building in Dover Street.
What sort of arrangements there for users then? We’ve talked a little before, you
know, about the very early days when you were helping, you know, Turing or
Newman but how had things improved and changed by this point?
Well, Turing and Cicely Popplewell had written a handbook for users, okay, and I’m
sure that they gave some talks about how to – you know, how to use the machine. But
this handbook was far from user friendly, I think I mentioned that before.
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I don’t think you’ve mentioned that one.
Okay, right. Er, and really it wasn’t until Tony Brooker came that the situation
moved really to a more user friendly approach, but he himself will be able to tell you
about that.

When did Tony arrive?
… Can’t remember precisely to be honest, yeah.
What was –?

But he was certainly there when the user service was still in the building in Dover
Street.

Were they separate by this point? Were user services and development linked or were
they separate organisations?
No, er … there was no real sort of management link between the two things except for
Tom Kilburn, right. Tom Kilburn was essentially in charge of the user service which
ran, right. Even though Turing had produced the manual Tom Kilburn was in charge
of that, so he set the arrangements and determined, you know, the preventive
maintenance periods and with – in conjunction with Ferranti and all that. So Tom
Kilburn was in charge of that and he had an office in that building, a new office in that
building, where he was in charge, right. Turing essentially was a user and talked to
users, and helped users, although again he was not temperamentally suited to helping
users who weren’t fairly competent themselves, okay. So anybody starting would
tend to use other people, would tend to be involved with other people. Anybody who
was experienced, then Turing would be only too pleased to help, hmm.
Doesn’t sound like he tolerated fools gladly.
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Yeah, yeah. Now Tom Kilburn was also in charge of development, if you like. I
mean FC/Tom Kilburn but, as I say, with FC fading because he was doing other
things, hmm. Really from – if you like, part way through the Meg project that started
to fade away.

Hmm. So Meg is still a valve machine, yes?

Yes.

Did you give any thought to using transistors?
It wasn’t built in the era when you could use transistors. Transistors were coming in
but they were point contact transistors, they were very unreliable and very slow at that
stage, so there’s no way we could have coped with the speed of, you know, a
microsecond on point contact transistors at that stage, right. An experimental – a
small experimental machine using a disc as its main memory, okay, was built in the
department by a man called Dick Grimsdale. This was really again an experiment to
test out the use of transistors and a small machine was built to actually do some
significant testing. Er, it was later converted to junction transistors as they became
more readily available and faster, ‘cause the initial ones were also pretty slow. And it
was actually made as a machine by Metro-Vickers, okay, so that was made
commercially too.

Oh, Metro-Vickers, not Ferranti?

No, Metropolitan Vickers was another huge electrical firm. Metro-Vickers was a firm
who was very heavily involved in power generation, you know. They built very big
alternators for the power industry and things, whereas Ferranti was much more a light
industry, much more an electronics firm, hmm.

Right.

I think there was some heavy engineering but they certainly were, in my day, a much
more electronics oriented organisation.
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[53:45]

Can we talk a little more about your PhD? I was wondering did you have a viva at
the end of it or an interview or –?
Yeah, all PhDs require a viva and they also have the ability for – other PhD students
can actually attend the viva. My examiner was Professor Wilkes, and both Tommy
Thomas and myself were examined on the same day but obviously individually
because to some extent there was – we’d both been involved with the design of the
Meg and there clearly had to be some adjudication that there was enough contribution
from each of us in a different sense of the design of the Mercury machine. So the
only thing I remember really about my interview is the fact that at the end he
complimented me on my description of the floating point arithmetic unit which he
thought had been very comprehensive, and that’s about – you know, that’s the good
thing I remember [both laugh]. The bad thing I remember, he said, ‘Suppose you
have to design a filter using matrix methods. How would you go about it on the
machine?’ And the first thing I said to him, ‘Well, the first thing I’d do is talk to
somebody who knew about filter design to actually find out what I was doing.’ And
he said, ‘You don’t know it?’ ‘No’ I said, ‘absolutely nothing.’ So I thought that was
the best thing to say and he let me get away with it, so I was very pleased really.
[laughs] And about the same time as this you said you’d become an assistant lecturer
with extra duties?
Yes, I mean I was resp – I don’t think I had to do anything in the first year, right, but
after that I became responsible for teaching the physics class electronics, together with
Tommy Thomas. There were two sections, two halves to the course, it was given in
two sections and he gave one half and I did the other. Er, and I think at that stage the
first half was more on analogue computing and the second half was on digital
computing, right. Sorry, the first half was on analogue techniques and the second on
digital techniques, not computing particularly. So, er, it was agreed I think initially
that Tommy Thomas would do the first half and I’d do the second half. And the
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interesting thing was that of course we were there – when we started lecturing we
were lecturing to ninety students.
I think you mentioned –
Right. Now the lecturing to ninety students wasn’t too bad but setting the
examinations and marking the examinations, I found very stressful. Er, what you
found basically was if you set an examination where you tended to link parts of the
course, which had been scattered in the lectures but you linked them together in the
question, you only got good results from good students [both laugh]. And so that was
a means for highlighting good students. And the other thing was just the sheer
problem of reading all these papers and, you know, attributing the marks properly, so
you had to have some sort of sensible marking scheme and things. But there wasn’t
dual marking in those days. I mean often now you have to have two people mark
things to get, you know, a reasonable correlation. There was no – no dual mark in
those days, you were responsible for the marking and you had to answer for it.
Were you issued any guidelines with marking or just –?

No.

In at the deep end again then?

Yes.

What was your own teaching style? How would you characterise it?
Well, I would – I would write – I mean FC Williams was an excellent lecturer and if
there was a style I followed, it was his style. And of course lecturing on digital
electronics, I used his technique really of at least demonstrating what I was lecturing
about. I did avoid trying to fill the board before I went in [laughs] but that was about
as much – I think with ninety people I’d have had a fair amount of argument about
proceeding in that way, but of course there was no method for making handouts. I
mean handouts would have been a good scheme for handing out circuit and waveform
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diagrams, so at least they had a reasonable record to start from. But there were no
means for easy copying in those days.

Ninety students sounds a large group, and I think you mentioned there were thirty in
your year –

Yeah.

Was it?

Yeah.

So had there been a lot of expansion in the university generally in this period?

No, when I was talking about thirty I was talking about thirty in electrical
engineering. You see, when I went in the third year I was in the electrical engineering
department and there were like half a dozen students from physics attached to the
electrical engineering course.

Right.
What I’m saying is we were thirty in all in those courses. Physics tended to be a bit
bigger but it certainly wasn’t ninety when I was there, right, but a few years later it
had gone up quite a lot.

[1:00:10]

Had there been any other changes in the university in the short time there up until this
point?

Well, the only changes were the ones I mentioned like the new computer building.
There were clearly plans for the new electrical engineering building in Dover Street as
well, which were obviously in hand but not implemented, do you understand? But
clearly the design had to be set some time before the building started. So, yes, so
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there were – we knew that these moves were in hand, you know, to go ahead, which
was why of course we built the Mercury such that we could move it.

Was computing much of an element of the electronics course you were teaching?

No, I mean apart from the fact we taught digital circuits there was no real reference to
– there was no real reference to computing as a subject at that early stage.
Was computing taught at all anywhere else in the university or –?
Computing didn’t become an academic subject in the university. I mean wouldn’t
have been an academic department in the university until 1964 was when the
department was actually formed but the first students came in in 1965. Now that is
when the first lectures in the computers were given, right, at an undergraduate level.
Er … prior to that we’d received visits from people who came to the department, even
in the old electro-technics department, to give lectures about developments that were
in hand, like they came to – they came from Xerox to talk about Xerox copying
documents and things, okay, which was very interesting but of course not available to
us. There were people who came to talk about core storage, okay, from the States and
gave lectures. So there were some – and FC gave the odd lecture on computing, right,
so there were some odd lectures going on but these were then to staff and research
students rather than – there was none to – at the undergraduate level in computing
really until it took off as a department with its own lecture syllabus and everything.

How do you think computing was seen elsewhere in the university in these early days?
… Well, Professor Williams, which would be early days, had quite a – because he
was involved with setting up agreements with the NRDC over things like patents,
okay. And there was quite a controversy within the university ‘cause I think any
patent arrangement like that had to be discussed at a high level, and I think amongst
professors and obviously things like that. And there was quite an argument over the
fact that people might be paid for patents and might be paid for royalties from these
patents if they came up, okay. And there was an argument presented by some people
which said this shouldn’t happen, but FC Williams of course drew the parallel that
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 140
C1379/11 Track 4

arts people doing research used documentation free of charge in the library and in fact
other libraries that they were able to access, and that if they wrote a book and they got
royalties they would … they would get paid money for the royalties on the book that
they’d produced. And so he said there’s really no difference in producing a royalty or
producing a patent, if it’s accepted as a good thing then you get some return on it.
And this was in fact then generally accepted but it did take some actual argument and
discussion to settle. So there was that – first that sort of argument went on, and it
arose over computing, it doesn’t seem to have arisen previously over, you know,
anything else in the – any other developments, say the engineering area in the
university. So it arose specifically on computing and I presume it happened because
there were government establishments getting involved in the computing patents and
it was a big focus upon it, whereas other things would happen as, you know, a oneoff. So that was – so there was that sort of dissention.

[1:05:40]

Of course there was some argument as well over the setting up of a computer science
department, whether the subject merited being treated as a subject or not. And of
course there was also a discussion – in our case we regarded ourselves as a fully
comprehensive department which not only built computer technology but also was
involved with users and people interested in architecture, so to speak. So this was a
comprehensive package, and that we intended to continue in our course, whereas
other people where the emphasis had come, let’s say from a mathematical side where
the emphasis was then largely on the users only and concentrated on the use of
machine, and say on business purposes and so on, the emphasis was on teaching just
those subjects and the heading of computer query, right, and what we were going to
call that. Was it a science or so on, right? So there was a lot of discussion over, you
know, was it a subject worthy of degree standard, but in our case of course we had
done a lot of MScs and PhDs which were done under the umbrella of being done in
electrical engineering. And what we were reaching was a stage where people now
coming in didn’t have enough experience to start doing MScs and PhDs in computing.
You know, you expected a further amount of knowledge to be available, so these
arguments seemed to be convincing. So the university accepted it in 1964 and we
took the first students in 1965, and of course as a result of that had to move out of
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electrical engineering, which was also thinking in terms of some student expansion
and therefore we had to leave some room for them, hmm. So the teaching side, if you
like, had to move out of that building and go to – you know, go to a different building,
back in Dover Street in fact. The old proper engineering building in Dover Street is
where we went. And they had moved to a new building also, you know – sorry, old
building in Coupland Street and the engineering had actually moved to a new building
next door to electrical engineering in Dover Street, so we moved back into their old
building as a set up for a few years. And of course then in hand was a completely
new building which would leave electrical engineering with more space, having
moved the computer service out, and also allowed the computer service to move in.
So we were designing a new building for both the computer science and the computer
teaching, which we moved into later on.

Hmm. Are there any sort of special considerations in designing a building
specifically for computing and not, you know, slotting in somewhere else?

Well, the computer service of course had some considerations. I mean there was a
decision to be taken about whether lots of people were being imported to use things in
the building or whether they were going to be using it on landlines and things, you
know, coming in, this sort of thing. So, you know, the emphasis has changed a bit. I
mean at that stage people were coming in to use online terminals, not online
computers so to speak, okay. And so you had that sort of aspect, which is even
changed since we’ve done the building, but there is also the business of, you know,
being able to run user courses, facilities for user courses and this sort of thing, which
– and the whole basement, the whole – the first floor – the whole ground floor of the
building was designed for the user service, and the first floor and the second floor
were designed for computer science. But because the university was looking at the
overall university picture at that stage, then we were told that we had to have a
walkway through the centre of the building at first floor level, and that a ramp up the
maths tower would come in to that and we would go into the business centre I think or
something at that stage. It would certainly go into a building on the other side, which
is the precinct centre. I think it turned out to be the church and the precinct centre,
library and things in fact afterwards, but we had to have this. Now that cost us – that
lost us some space and cost us some money. And in fact of course now the ramp from
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the maths tower has gone and of course I don’t think the city in the end agreed to let
this walkway continue. So in fact it was a completely useless exercise, as it turns out.
And that caused us some problems inside because we clearly had to have access
arrangements around a walkway through the centre of the building, so that did cause
us some complications.

[1:11:45]
Presumably if you’ve got sort of large items of computing equipment as well, the last
thing you want is the volume taken out.

Yeah, yeah. Yes, so there were some problems in line with the building and of course
it’s had to change a bit and evolve since, but I think it’s managed to adapt to that
reasonably well.
You were talking about – you briefly touched on the subject of patents a little while
ago and I was wondering if we could go back to that now. When did you first patent
something?
I can’t remember to be honest when it was or what it was precisely, right, because a
patent agent used to come up on a regular basis, I think then employed by the NRDC,
to talk to us about what was going on at the university. And they would decide what
were the patents to be taken out, do you understand, so the precise topic never really
was focused in your mind. I mean obviously if you were working on a particular item
then you’re clear but where you’re developing things for a computer and it’s fairly
widespread and involved then, you know, it’s not clear what the – what the precise
first – I mean I could list these from a list, right, but asking me from memory at this
stage is not – it’s not available.

So patent agents then would help you decide on the bits that needed to be patented.

Right, right. And in the first instance the arrangements with NRDC is that the people
who were named as patentee on the patent would each get five pounds per patent per
country for the places where the patent was taken out in. Now in the initial stages
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patents were taken out in ten countries, so if you took out a patent it was fifty pounds,
right, and if it was, you know – so it was quite a useful contribution. But later on
NRDC got much more discriminating about the value of patents and where they
should patent them but I think in the early days the things were done, you know, on a
fairly ad hoc basis.

Working on sort of joint projects like this, how do you decide whose name ends up on
a patent when you’ve got lots of different people contributing different things?
Well, it’s the same as deciding whose name goes on a paper basically, right. You
decide who’s made a real contribution and if they’ve just been helpful you
acknowledge them, you know, in an acknowledgement. So I think the thing – the
thing was quite clear how you got your name on a patent or you actually made
something which would be positively stated as a contribution, hmm.
How did you feel about the way that the patents were used afterwards? ‘Cause I
mean the NRDC stuff presumably was licensed to companies like IBM and other
companies in the States.
Well, I think the – I mean in principle when you’re starting off you – thinking of
being absolved from the problem of taking out a patent, which costs you – which
would cost you money, and you’re actually being paid to take out the patent. So in a
sense you were very – the initial taking out of the patent, you were very pleased with.
The exploitation of a patent where somebody pays money for using the patent, of
course you need somebody to be looking after that aspect and NRD – that was
NRDC’s responsibility and of course people always contend the use of a patent, you
see. They could say, you know, it’s previously been taken out or a version has been
taken out by somebody else or it’s so similar that it really covers you. So there is
always an argument about patents, hmm, really where it wants to be used by
somebody else. So the chances of getting some money from its use was always a bit
remote but of course the CRT patent which was taken out by Williams and Kilburn,
now if you like – I mean Williams was the originator of the original patent, which was
– which was not the one, if you like, which people wanted to use. It was the
development which Kilburn had really processed to make it a more user friendly
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system from a computer point of view. And so Williams and Kilburn had the relevant
patent with this development that had occurred and I think IBM paid for the use of
that patent, hmm.
… No, we’re not – we are now [laughs].

So IBM paid a fee for the use of that patent to NRDC. That fee was shared with the
university and there was an arrangement whereby FC and TK would get paid some
money per annum, right, so that essentially the capital remained in the university for
its use when FC and TK disappeared off the scene, like died, okay. And so that was
the arrangement, so – now subsequent patents, as NRDC have got more and more
involved in the computer scene, involved with other companies on this, then what
they found was that lots of patents were taken out, a lot of which would never be used.
And so I think the scheme that they worked out with these companies was not the
same as with the university originally, okay, but they also got into a technique where
they lumped patents in a packet and actually sold them to people as a packet. So I
often found, for example, that my name appeared in the IBM journal on a patent that
they’d got the use of from NRDC. And in fact the one level store patent, which Tom
Kilburn, myself and Frank Sumner were involved with, is one of the ones that was
sold in a packet to IBM and therefore they have the rights for its use in the US. So the
only people that have actually infringed that patent are ICL – were ICL in the UK, and
they infringed it because at one time they told both Tom and myself they would never,
ever build another machine with virtual memory because it wasn’t flexible enough.
But of course with the reduction in hardware costs and the economical packaging with
multiscale integration and so on, then that’s no longer true, and what they found was
in the 19 – in the 1900 machine they’d actually used virtual memory which, when we
– when NRDC’s tackled them about it, they opposed on the grounds that there was a
French patent which really covered the subject and therefore didn’t think we were
eligible to claim. But after a considerable period of discussion when the thing was
actually settled out of court, an agreement was reached for a payment by ICL for the
use of this patent. And that was then part of the NRDC agreement where fifty per
cent was taken by NRDC, fifty per cent came to the university and a payment was
made on a regular basis of a small amount of money, as it were, to each of the
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inventors with the rest going to – with the capital essentially going back to the
university when the inventors died.

[End of Track 4]
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Track 5

I wonder if you could tell me a little bit more about the social life in the department at
Manchester in sort of late ‘40s, early ‘50s. How did people get on together?

I think people got on very well together at work, and everybody was very helpful.
Socially I think, er, people tended to keep themselves to themselves for various
reasons really. I mean Tom Kilburn was having to travel back and forth to Dewsbury
every day, okay, so his opportunities for social activity was limited, let’s say. Tommy
and I were research students who generally speaking had some other interests. I mean
we played rugby together, okay, which was one thing we did. Later on when we were
assistant lecturers we shared motorbikes, so there were two activities there. One was
riding around on a motorbike and the other was of course tinkering with the
motorbike to make sure everything was in a good state, but since they were brand
new, you know, there wasn’t really a lot of that to do. But of course being in a
department with a mechanical workshop, it was very tempting to take things apart
[laughs] just to see how they worked.

So did you use the lab facilities then to mend your motorbike or augment it?

Yes. I mean unofficially it was accepted that we could come into the workshop,
provided there were two of us, to do the odd job that was required. So this was quite
– quite nice and of course it helped to make our efficiency with tools a bit better and
things like that. Er, the technicians of course were, you know, generally speaking –
kept themselves to themselves more or less. I mean we quite often had a cup of tea
with them during the day, right, particularly in the afternoon, and chatted then. Er …
the secretary, there was only one we called the fairy, you know, and we saw little of
her ‘cause she really was Professor Williams’ secretary, so we only saw her when we
were being demanded for various reasons. So – but I mean generally speaking at
Christmas there was always a sort of party in the department, and on the odd occasion
we certainly went to Tom Kilburn’s house for a party, generally speaking when there
was a, you know, some sort of thing to celebrate from a computer point of view, like
the completion of a project or, you know, a good run or something. But the other time
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which – when there was a sociable occasion was really when anybody got a degree.
We always went across to the pub opposite and celebrated there.

What was the pub called?
You know, to be honest I can’t actually remember.
I’m just wondering if it was still there.
It’s not, it’s knocked down now, it is not there still, yes. But it was a regular haunt,
shall we say, ‘cause I mean degrees and things happened on a fairly regular basis, so it
was quite a good haunt for us.
Hmm. Did you talk about work at these events as well or was it all –?

Well, we talked about everything, yes, yes, yes. But I mean particularly if it was a,
you know, some sort of celebration related to work then, you know, work would come
up. And particularly if it was an opportunity – you know, if people from Ferranti
were invited to go with us and so on, right, so there was the odd celebratory occasion
like that which, you know – which was quite nice.

[04:40]
Hmm. How were you –? Was there some sort of social hierarchy within the
department as well? You know, as students, how were you treated by staff?
… Basically I would say there wasn’t a great deal of contact. The contact was if you
wanted to ask a question, which the most convenient time to do was immediately after
the lecture, even if it was the previous lecture or something, right, you know, and you
come up with a question over. If it wasn’t that opportunity then you went to the office
to see the person. Generally speaking everybody was quite receptive of that approach,
hmm. And with the number of students we had and things it was – at that stage it was
really quite easy to run on that sort of basis.
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What about when you were a research student? Did the situation change?

Oh, it was even better then really because you were in contact with members of staff
all the time ‘cause you were working with them. So, yes, so – no, so that was good.

Who did you have lunch with?
Oh, lunch we – generally speaking we all went together to lunch, we had lunch in the
university refectory, it was quite cheap. Er, sometimes we went – sometimes we went
later on in our activities – when we were in the Dover Street building we sometimes
used to go to lunch to a place called the UCP, United Cattle Products, and this
produced meat pies and steak puddings and this sort of thing, and so it was – it was
about a five minute walk away, so we used to go there. And other times we used to
have sandwiches in, and custard pies I remember was another favourite, right, so it
was sandwiches and custard pie for lunch. Generally speaking that was when we
were working on the Atlas and we couldn’t really afford the time to, you know, take
off time for lunch, ‘cause generally speaking you had to walk somewhere and walk
back and – it was much quicker to have lunch in the department.

Hmm. You mentioned that when you first got there, there were a lot of time
pressures; Freddie Williams, Tom Kilburn, they’d all been at TRE, they were all sort
of focused on getting things done quickly. I was just wondering, did the time pressure
keep up? Like say you were working on Meg a few years later, was it still an urgent
job or were things a bit more laid back?

All I can tell you is that working on Atlas, I quite often worked all day and all night,
right. And the people who I lived next door to at that time didn’t believe I worked at
the university ‘cause, you know, they had long holidays and all the rest of it. And,
yes, so – yes, the pressure was always there. It’s a habit that you get yourself into
really.
Hmm. You’d had long hours as well when you were a student, you mentioned?
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… Had long hours when I was a postgraduate student. As an undergraduate student,
I’ve told you already, I didn’t really put the effort in that was required [laughs].
I’m thinking more sort of number of lectures in a day, the workload seemed pretty
heavy then.
Oh, yes, yes, it was a pretty heavy – a pretty heavy workload. I mean talking about
activities per week, I mean there was something like five lectures on a Monday, which
is a pretty severe day. You reeled a bit after that. On a Tuesday and a Thursday it
was one lecture first thing in the morning and the rest of the day, certainly till about
five o’clock, was the practical, er, practical labs. Wednesday was three lectures and
Friday four lectures, so we had a pretty busy time.

Hmm. One of the things you brought up briefly in passing earlier, which I wanted to
ask you about, was you mentioned you got married in about 1950 …?
‘03.
‘53.

Yeah.

Can you tell me a bit more about that?
Well, as I’ve told you I think, I met my wife to be very early on in my undergraduate
career. And, er, we were friendly all during our undergraduate course. She qualified
and later did an ex – you know, teacher training year. And then she elected to stay in
Manchester and work, teaching in Manchester, and of course I was in Manchester
then doing research. And we saw one another at – you know, at odd times, at
weekends and things like that, and, er, as I say we then decided to get married. So we
did that in 1953 and our first daughter was born in 1954 and then subsequently ‘56 a
son and ‘58 a son. So the 1950s were a fairly – a fairly hectic period for me, yeah,
yeah.
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[10:40]

So you were giving birth to computers and giving birth to children.
That’s it, yes, yes. Erm, 1960s, nothing much happened from a personal point of view
except that my dad died, which was a bit unexpected. And, er, I was very friendly
with my dad and so I really felt it quite a lot. But the ‘60s of course was the Atlas
development and of course it was also a period when I did a couple of external
projects on e-commuting type techniques with external firms. Er, one was a sort of
static magnetic tape system, which you did with ICL, one was – another was a thing
called Biomark which was a system for reducing the noise from signals that were
received from impulses applied to human beings and things. So when you applied an
impulse, you not only get an impulse result, you also get a lot of other things that are
going on at the same time. And so if – but if you do 100 impulses, a 100 of the noise
signals, if you add them up, they only add up as the square root or something like that,
so that, you know – so that the signal to noise ratio is improved by about ten to one if
you do things – if you do 100 signals then you get a ten to one improvement. And the
people we were doing it with were at the Tropical Institute of Medicine in London,
and they wanted to do thing that were much faster than the equipment they had
available, so we went up about a factor of ten on this for them and produced a piece of
equipment with a firm, and so that was another project. And the third project was the
x-ray goniometer, where we’d done an SRC project to connect it to Atlas to
demonstrate really that Atlas could timeshare its activities and could spend some time
controlling an instrument as well as doing its calculations operating peripheral
equipment, etc. And then we translated that on request really from a firm that was
having trouble into, er, into a small computer which was just coming in at that time,
being used to control – to control the same instrument. And that proved very effective
from a commercial point of view. They sold about eighteen or twenty of these fairly
quickly, the first six going abroad.

Talking about the SRC. The question I forgot to ask a little while ago was, you
mentioned that one or two components when you were building Meg, that you were
quite proud of ‘cause they were cheap to make that way. I was just wondering where
did the funding come from?
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I mentioned that the projects we were doing were instigated by the university. So
they were not projects we were doing on behalf of industry, which is quite different
from a lot of the work going on currently. Er, we were very fortunate in the sense that
from the days that the computer service ran officially from the inauguration in 1951,
as it were, and as indicated by the atomic energy people, they were willing to pay for
this service. Within the university itself you didn’t have to pay, right, but if you were
from any commercial organisation like Metro-Vickers or the Shirley Institute, which
was interested in cotton spinning and things, then you paid for the use of your
computer time. And so what we had was some funds coming in which – some of
which were put into a research fund where the department – I mean it came to the
department as a research fund which we could use for progressing the state of the art
really in computing, whatever that required, you know. We could commission – we
could commission, if you like, a booklet on something or we could, er, we could buy
other equipment to do experiments on – relating, say, to improving the speed or
testing out some other ideas. So we were very fortunate in being able to start a project
without financial help from externally.

[15:30]
And then hopefully acquire it later if necessary or –

And as we say, where the point where an industrial firm decided to take over the
design then we would get help, you see, for that purpose. And of course the thing had
been established already with – a link had been made to Ferranti, so if we said we
wanted some equipment for a new project and it wasn’t frantically expensive, too
expensive, they would be happy to, say, give it to us on loan.

Right. So how were Ferranti to work with then? Were they always helpful or did they
have their own interests that got in the way or –?
I mean there’s no doubt that Ferranti had other interests and they had other computing
interests because there was a – I mean they designed other computers, you know. I
mean I mentioned Pegasus because, you know, that’s one which was designed
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contemporarily with Mercury, okay. So if you like, there was an internal battle from a
commercial point of view about what product to promote. Should they promote
Pegasus or should they promote Mercury, if you like, and of course it depends on the
timescale of the activities, what the costs were, what the interests of people were, so it
was quite a complex issue to resolve. So there were always lots of differences of
opinion, okay, and of course particularly since the Pegasus group were resident in
London and the Mercury group were resident in Manchester, you see. So, you know,
there’s the geographical problems as well.
Did the split cause problems then? Was there rivalry between the two groups or –?

Oh, there was always rivalry, er, on various instances, when we were talking about
building a new magnetic drum system or something then, you know, the techniques
were discussed on how to do this in the most efficient way. And we’d put forward a
proposal and Ferranti would put forward a proposal, and then – for example, then
we’d say, oh, we don’t like that because of this, right, and, er, if you look at our
proposal it doesn’t suffer from that disadvantage and it’s also cheaper or something.
And then Ferranti would come back with an alternative and another suggestion. And
then in the end they might say, oh, well, we decided to do it our way or they’d say,
well, you were – it’s your system, you go ahead, yes, we’ll agree, you know, for it to
be done like that. So the decisions were taken on a, you know, reasonably scientific
basis really but bearing in mind that in the end you always had to do it from a
commercial point of view, so the cost, you know, and delivery times and all the rest of
it, constructional problems. I mean if you think about it, Mercury was a machine
made out of built in chassis of equipment whereas Pegasus was a plug in machine.
So, do you understand, there were advantages and disadvantages on both sides, hmm.
But it was – I mean it was a Ferranti decision to make Mercury, do you understand,
and they could make it how they wanted. So if the Manchester group decided to go
ahead like that, that was their decision. It wasn’t really our decision to make it more
or less exactly like we’d built it, ‘cause ours was only a prototype so we would expect
the commercial decision to be rather smoother and sleeker than, you know, what we’d
built which was for our convenience only.
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Did you have much contact with the Mercury project once they’d built them? So did
you keep up with the development of the system afterwards or was it just out of your
hands by that point?

No, I should say after that it was out of our hands. And certainly by the time the
university received the Mercury, where we were in contact with Ferranti as far as use
went, we were certainly well on then to think about Atlas and the old transistor
parallel machine which Atlas was, you see, which was quite a big step. Not only that,
that again was independently financed from our funds, okay.
Hmm. I’d just be interested here in the detail of how you actually worked with
Ferranti. You’ve talked about visits to them and reciprocal visits with Ferranti
engineers –

Yeah, yeah.
Were there also things like meetings or exchanges of memos and …?

Well, progress meetings, yes, progress meetings, to see how things were going along.
Particularly with machines like Atlas where what they were doing was making bits
and delivering them to the university, okay. So they weren’t actually assembling it in
the first instance at the factory even, it was coming straight to the university.

Right.

So we were clearly very interested about when the next bit was going to be delivered,
hmm.

[20:20]
So quite a different situation to before when – it’s little bits coming in –

Right.
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Rather than whole units.

There was another thing as well, which was people like Plessey had been
commissioned by Ferranti to actually make things like the core storage for the Atlas.
And so, for example, I spent regular meetings going down to Plessey to actually
inspect what they were doing and to check it out and all this sort of thing.

Hmm. What were these meetings like? Can you give me a bit more detail please?
Well, the meetings at Plessey, they would put us up at – it was called the White
House, I think, the place, which was a house on their establishment, and, er, so they
would put us up there. We’d arrive, they’d put us up, they might give us a meal and a
drink. Next morning we’d been in at work standard time, eight o’clock or whatever it
was, and we would be either having a meeting or looking at equipment and checking
through how it was operating. For example, we did go down, as it were, to do an
acceptance of the equipment when it was built, okay. But I mean prior to that time
you went through various design things. You discussed the circuits they were using,
okay, so that, you know – and they would show us some experiments were going on
which would indicate that the speed was satisfactory. We would indicate things like
we need to monitor, we need to look at the waveform of the current pulses that are
being used and, you know, so they know they show us how that was being done and
so on, right. So, you know, all these sort of considerations really to make sure that
they delivered, you know, a really good operational piece of equipment. And then of
course you had to say how that interface, not only was it a piece of equipment that
worked, but how it interfaced precisely to your equipment. So we had to make sure
that those things matched as well, you see. And as I say, there were regular meetings
on that basis. I mean it might have extended, you know, over periods like six months,
and there was one meeting a month.

And a similar arrangement with Ferranti then but closer?

Yes, yes.
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Someone told me the other week that Ferranti had a butler? Is this true, did you ever
encounter this?

Had a what?

Had a butler to serve their senior staff. I was just wondering if it was something
you’d encountered.
No, I can’t say a butler but certainly at the White House that we went to for Plessey
there was a man in charge of that and, er, it was the first time I’d seen, for example, an
ice machine which, you know, produced ice on demand, right. And they were very
generous with the drinks there, and he was very generous with the drinks. I mean if
you had a whiskey – if you had a gin and tonic, I mean it was in a glass about that size
[demonstrates] [both laugh]. But I must say that didn’t affect any decisions we took.

[23:40]

[laughs] Can I ask you a few more questions as well about travel at this point?
Because I know you travelled later in your career in a lot of other places but I was
wondering early on whether you got to travel that far.

The first journey I went, I went to Portugal. This was at the invitation of the British
Council, and I gave lectures in Lisbon, at the university in Lisbon at the university in
Oporto, and, er … another one as well which I can’t remember the name of but it was
– it was part way between Lisbon and Oporto. And that was quite interesting and also
difficult really because, you know, you were away on your own absolutely, so you
were sort of getting up in the morning and seeing different people. And perhaps
you’d see a number of people during the day, have a different set of people for lunch,
a different set of people to dinner, although dinner was always late in Portugal. And,
for example, when I gave the lecture in Lisbon I think it started at ten o’clock and we
went for dinner at twelve, you know, so it was – it was quite a different experience for
me. Then I also travelled on the train from Lisbon to Oporto. It was called the
Fougat [ph], it was a very fast train that did that journey, and that was quite
impressive.
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And how did you get involved with the British Council then?
Oh, I think the British Council have interests, you know, abroad and they’d obviously
had some interest expressed in computing and they were looking for some
information on it, right. So I think they asked – they wrote a letter to Tom – they
wrote a letter to the head of department, which would be FC, and he’d hand it
probably to Tom Kilburn, and Tom will say, ‘Oh, I’m not going to go,’ ‘cause Tom
wasn’t a frantic traveller, right, ‘ask Dai if he’ll go.’ So I mean that’s the way it
happened.

I was just wondering, you know, did the British Council just tell you go talk about
computers or did they put a particular spin on it or –?

Oh, no, they would just say would you talk about their computing in the UK or
something, ‘cause I know I had to mug up a bit on some of the other computing that
was going on at the time, right. So, er … having done that, you know, I got some – I
got some photographs of things, like the Mercury delay line storage and I was
lecturing things like physics departments, do you understand? So they were also
interested, not only in the fact it was used for a computer but what was the
mechanisms and so on which it was using, so I was discussing the CRT storage in
detail and the delay line in detail, you know, at least in terms of detail from a physical
point of view.
Right. Did you see any Portuguese computers or …?
No, no, I didn’t see any computers there at the time I went.

What sort of timeframe was this, just roughly?

If you stop I can tell you in a minute.

[Break in recording].
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I’ll pop this back on.
Okay. Right, I went – in May ‘57, I went to Portugal, okay, so that in the mid ‘50s
really. Then I went to the USA in September, October ‘58, I went for about three
weeks ‘cause I was going round looking at various computing establishments and also
I was discussing some of the ideas that we’d had for Atlas with people at that stage.
In ‘59 I went with Tom Kilburn to Italy, to the University of Pisa, where we had a
very enjoyable week. In ‘61 to Russia, to the Moscow Academy, at the Moscow
Academy of Sciences, that, and they looked after us very well. And with a bit of
persistence we managed to get to look round the laboratories of one of the
establishments on the last day we were there. But they left it till lunch time and really
we went without lunch to look round, okay, to fit it into the – so we were under a bit
of pressure not to go but they did actually take us round. And then in ‘69 I went to the
USA again. This was to discuss with various people, erm, things we were organising
for our SRC grant, for MU5. And in April ‘70 and February ‘71 I went to the
UNIVAC Executive Centre in Italy to give some lectures on I think Atlas computing.
That was quite interesting ‘cause we got to look round Rome, which was very nice.
And in 1971 I went to the Fall Joint computer conference in Las Vegas to give a
lecture. That was computer structures past, present and future at that stage. ‘72 I was
in Sweden at the University of Linköping and the Royal Institute of Technology in
Stockholm. And in ‘73 I was in Hong Kong where I was advising the university there
on things that were going on at their computer centre. And in ‘73 I was at Davos at
the ACM conference, computer conference. The interesting thing about going on that
trip is that I flew with a colleague of mine called Keith Bowden and we went in a
private plane because he was a pilot and we flew the two of us from Manchester to
Davos. And I was amazed how efficient all the arrangements were for making the
flight and leaving it in Davos, picking up a car and, you know, going – driving to
Davos and things. It was all done, you know, very, very efficiently indeed. I mean it
didn’t take us more than half an hour to sort of get out of the airport and things like
that, so – and again, booking in to fly back, you know, half an hour was all the time
that you really needed, so I was – I was very impressed with that. And then in ‘77 I
went to Hong Kong again but this time they invited me back to go to the Chinese
university because they were wanting to make some developments to their computer
science course and department, make some case to their grants committee for that.
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And so I went there for quite a bit of time to help them make that case so, you know,
that indicates some of the visits that I’ve been on.

[31:00]
Sounds like you’ve travelled a lot in the course of work, it’s –
Well, yes, I mean I travelled really as much as I wanted to. I think – I think you can
travel too much, you know, I think it can become a … a burden but I mean there were
other conferences. I went to a conference in Paris, to a computer conference there and
so on, so there were other things that I went to but it was quite interesting to travel
around and see how the people got on and make new acquaintances and friends. In
fact I stayed quite friendly with the professor from the Chinese university because he
sent his daughters to do our course at the university here, our computer science here,
so that was quite interesting.

What other benefits of all this travel were there for you?

Er, benefits in various ways really. One of the visits to the States, I found out that the
expensive transistors we were using for doing the parallel driving operation in the – in
the Atlas computer were available much cheaper there. And whereas we were buying
them from Plessey in this country, so I was able to make a case to actually get the rest
of our transistors at a more reasonable rate. So that was a benefit from the department
point of view. Er … other benefits, you learn what other techniques are going on. I
mean when I went to IBM I saw some – for example, and looked at core storage, they
were working on various sizes of core store, reducing them in size, but they were also
doing some work on multi core ferrite pieces and things like that. And so, you know,
just seeing that difference was quite interesting. And again, to notice there’s some
people using metallic tapes for magnetic recording and this sort of thing. So just
getting quite different experiences was in itself quite interesting.
Hmm. Can you tell me a little bit more about this trip to the USA in ‘58? It sounds
like quite a long one, was it three weeks or –?
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… Yes, it was quite a long trip. What I was really doing at that stage was a survey of
computer activities, so this is when I was saying I was quite interested to see what
techniques were being used in various places. And so I went to, er … I went to
Canada because the first – the second Mark 1 computer had gone to Toronto, to the
university there. I went to Toronto, the university there, I went to Ottawa to see a
fellow who’d been a student, a postgrad student with me at Manchester, who now
worked for the government in Ottawa, so I went there to see what the government
computers were doing. And I also went to an insurance company to see how they
were starting to use computers for business purposes.

[34:40]

So that was in Canada and then I moved round to the States and I went to IBM at
Poughkeepsie, I went to Bell Labs and MIT in New York, I went to Philadelphia I
think to see Eckert and Mauchly. And so, you know, I had a very good trip really.

What was your impression of Eckert and Mauchly?
… Er, they were very pleasant, very nice to me. I think they gave me – I think they
gave me one of the books he’d written so, no, there was no animosity or anything
lasting from the CRT business. No, I found the – the thing that I found about
Philadelphia was in Pennsylvania they’re still very involved with the British – you
know, the war against the British and all this sort of thing, so when you went on, you
know, the weekend to see something going on you were very conscious that it was –
there was a sort of anti-British element. I mean it was quite old, obviously, but it was
– it was surprising to me to find it, you know, still quite strong.

You mentioned possible bad feelings over the CRT business with Eckert and Mauchly.
Can you expand a little bit please?
Well, I think at the time FC Williams quite – felt quite upset that Eckert and Mauchly
had first of all tried to – I mean what they’d done was to replace the paper in an early
document by a paper of their own on the CRT work they said they’d done, right, and
then by trying to contest the patent. So I think FC Williams was quite upset by that
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because there is no doubt that Tom Kilburn’s document describing our work on the
store had gone to the States with various people. It had gone with Bowden, it had
gone with other people, right, and it’s clear that it had also been sent to somebody at
the Eckert and Mauchly place, okay, that somebody had seen it there. So he was quite
surprised and, you know, with the fact they’d published a paper and obviously there
was some contention on the patent. So I think FC Williams was quite upset about that
and it was clearly some kind of legal case which went on in the US courts to fight the
patent by Eckert and Mauchly and they lost on that, right, so they obviously came –
and so after that I mean – but I mean it was the initial thing ‘cause FC had to gather
all the evidence together of, you know, when he’d done what and all the rest of it, so
he was quite upset with having to do that at the time to make the point really. So I
think when there was a bone of contention, that’s what it related to.
Hmm. And all that had evaporated by ‘58 then?
Oh, I think it was just – I mean in commercial terms, contesting a patent is just one of
those events isn’t it? But it depends how much you are involved personally in it, isn’t
it, is the problem.

Hmm. How was your trip to IBM? Can you tell me a bit more about it? What was
your impression of it?
Oh, I can’t – I can’t remember a lot about it these days ‘cause it’s a long time ago but
the research environment at Poughkeepsie was huge, you know, and I was shown
round obviously some parts of it where clearly I had to clear security to go in and
things. But what I found is that, you know, when I talked to some people in one part
they didn’t seem to know what was going on in the other part. So I was – it was
interesting to see a lack of communication about the overall picture of the work that
was going on between, you know, the people who were actually doing the work, so I
think that was quite surprising. I was also quite surprised to find I think they seemed
to drink milk at lunch [laughs]. But I think that’s the sum total of my remembrance of
that situation.

Have you got memory of the Bell labs trip as well?
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No, no, it’s too far away really to sort of say anything, you know, sensible about that
really. I mean the thing I recall is really sort of find – you know, having to find my
way there. And you’re on your own and you’ve landed late at night, and you’re
getting up early next morning, or you might even have a morning meeting with
somebody who’s taking you – at your hotel who’s actually taking you to the place. So
by the time I went to Bell Labs I think things were getting pretty hectic. I was – you
don’t realise how exhausting this whole process is really that, you know, you’re
landing late, getting into a hotel, getting something to eat, you know, getting up early
next morning for, say, an eight o’clock breakfast meeting, or you’re meeting
somebody who’s taking you somewhere or then finding somehow – taking a taxi out
to the place, you know, from where you are, because you’ve tried to choose an hotel
that was reasonably close from the map to the thing you were going to. But it’s – I
mean at the university you are on your own doing these trips ‘cause of, you know,
cost problems and, er – and it does get a bit of a strain ‘cause you’re just meeting new
people sort of every couple of hours really, and people who are fresh and you’re a bit
faded [both laugh].

[40:20]
I think I’ve got one final question I’d like to finish with from today which follows on
from your trip to the USA. So you’ve sort of gone around all these American
computer factories and computer plants and you’re obviously somebody who’s deeply
involved in the British computer scene. What was your impression at the time about
how the two compared; computer development of the US and computer development
in Britain?
… Well, I mean in my view commercial computing – you know, the commercial
production of computing in the UK has never, ever really taken off, right, at any level
really. And I think this is really, you know, a factor which is concerned with the size
of the market. Now in the States it’s such a huge potential market in itself with
Canada, which is another – you know, and South America, which are other big places
which require these things. So the potential market, the opportunities there are so
much greater whereas I think the opportunities here of doing something and saying –
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managing to get it into Europe whereas I think in some senses, you know, people are
over ambitious and spent money trying to get into the States when the chances of
actually doing it were really pretty limited. You know, unless you are sufficiently
well clear, you know, in performance or technique, and of course the American
machine – the American machines – the Americans tended to go for parallel
machines, so in the – in essence they always had the edge on speed and performance,
okay, which to some extent people were looking for.
Hmm. At this time was it clear that the British computer industry couldn’t actually
compete? To someone who, you know, has seen the American side of it, is involved
in, you know, design –
I think – I think the British computer certainly was doing the best it could, as it were.
There’s obviously an element of it which was concerned with the military activities. I
mean whilst Ferranti got rid of their, er, as it were, business computing activity they
did keep the instrumentation and things at Wythenshawe, and the military side of their
computing were there, where of course they designed an integrated circuit computer,
Argus. And, er … other people like Elliott were involved with the naval people as
well, so there was an element where we needed activity for – for military work to go
on but the – the indications of, you know, what sales might be were never really any
good, because I felt that even at Atlas time and in the late ‘60s the idea about digital
computing as a widespread application was really pretty limited, even at government
– even at the government level, so there was – there was no push, as it were, there was
no push from the government side to propagate your Atlas. There was no – there was
a sort of push in the sense of setting up a committee to have a high speed computer for
the UK but that never really got past the committee stage. So you can tell what the
emphasis might have been, and I don’t really have to say any more. The political will
to do something just wasn’t there, right, and of course that came down onto the
commercial side as well, so there was no real pressure from that side.

I think that seems a good point to stop for today.

Right, thank you.
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[End of Track 5]
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Track 6
This is interview with Dai Edwards on March 12th, 2010. Dai, when we spoke last
we’d got to the point in your career where Mercury and Meg had been completed,
and I wondered if you could tell me how you felt at the end of this process once
Mercury and Meg were up and running.
Well, Meg was up and running in 1954, and in December ‘54 I got my PhD. Now
later than that there was a move from the old electro-technics building and the extra
piece that had been built for the Mark 1 computer. Both the Mark 1 and the Meg
prototype moved into a new building built for electrical engineering essential in
Dover Street. Now the whole of the top floor of that was for computer work and there
were two computer rooms. The Mark 1 moved into one of them and the Meg
prototype moved into the other. Most of that top floor was concerned with operation
of the Mark 1 and running the computer service. Any electronics work which we
were doing, let’s say towards the next computer when our thoughts were, you know –
were moving towards that, were done experimentally in other rooms on the first and
second floor of the same building, which were more or less devoted to electronics
work. The Mercury itself of course wasn’t delivered to the university until 1958 and
we got the second one, the first one having gone to the Norway atomic energy. Now,
er, the Mercury in fact replaced the Meg prototype, went into the same room, so that
was ditched, the Meg prototype was ditched at that stage. And when the Mercury was
up and running, then the Mark 1 could be dismantled and since it had been running
since 1951, about seven years or so, then that in fact was scrapped at that date, so that
was just taken away and disappeared. I think there are parts still, you know, around in
various places but essentially it came to an end at that time. Now from ‘55, ‘56 so to
speak, our thoughts were turning towards what was going to come next in terms of
computing, what should be done, although from ‘54 to ‘58 the Meg was kept working
and particular users actually utilised it. And in that time they actually made the
comment that they found the floating point very useful, and I think comments from
other people much later when they’d had Mercuries, and things like the meteorology
people who’d had a Mercury, that they’d also found the floating point incredibly
useful. And Professor Flowers, when he was arranging to make contributions from
the computer board to universities in general, also said in his report that the Mercury –
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to the date, you know, he was considering this had actually provided a very useful
facility to universities in general. So now really we’re on to thoughts about the next
machine, and I think in our own minds speed and reliability were really two important
factors that we were looking at. Now at this stage clearly we were going into a, you
know, experimental period when we were looking at some of these items and also
thinking about architecture, you know, in general.

[04:30]

But I think it might be best at this point to give a sort of quick summary of what Atlas
was like, and go back to then say how we moved towards this thing. So, er, the main
contribution in Atlas came I think from the one level store, that is the combination of
the random access core store and the drum, so that the user could regard it as one store
and the actual movement of data into the RAM where the computer required it to do
high speed operations was actually taken care of automatically by the system. So this
in a sense was the start of virtual storage. The second aspect was the provision of
what we called at that stage a fixed store but it was really a random access read only
memory. We were keen to introduce this really for the security of organisational
software so that you couldn’t get into a mess with this by people causing it to change
due to errors in the machine or due to their unfortunate errors in the program. Erm,
now – so this was to provide things like provision for subroutines, provision for all the
peripheral drivers, and for any organisational routines which were concerned with
governing the operation of the computer in general. And of course, being read only,
there was a cure. Being read only was a problem ‘cause somehow you had to write
and in the store that Atlas used that process was mechanical, therefore slow, and
therefore expensive. So even though the store itself was cheap to make it was
expensive to load and expensive to change if you wanted to alter anything. And
bearing in mind things like the updating which occurs on virus software [laughs] and
drivers at the moment, you know, we certainly couldn’t have coped with anything like
that, but in those days there wasn’t that problem, things did remain static for a long
time. Er, the B-cube, if you like, call it B-lines ‘cause there were initially a few B
registers in the first instance, in Mercury, now we actually increased the number to a
very large number like 120, and also the facilities associated with it, so it really
became in a sense a fixed point accumulator with multiple registers so you could –
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you could do lots of problems and still have them immediately available as it were.
Now this was quite useful for red tape instructions where you needed only relatively
small counts and small calculations. Erm …
Sorry, what’s a red tape instruction?

Well, a red tape is something to do with organising, you know, the system, how many
times you’re going to go round a loop or something, right, and so you just count, you
know, you’re going to go round it a certain number of times and it’s just a simple
count to do that. And these were all – this was only a hard word in length as well, the
B registers, ‘cause you only had to cover the address part to do the modification. But
on Atlas we introduced the ability to B modify the instructions, the B instructions,
because it was in a sense also an accumulator –

Right.

So it was useful to do that. And in the accumulator itself, which was floating point,
we – you could actually put in two B modifications if you required, you know,
without significantly altering the speed of the instruction. The accumulator was
floating point. In the floating point the word length had gone up from thirty bits in
Mercury to forty bits in this machine at a sort of user request really. And the
exponent had gone down from ten digits in Mercury to eight digits in Atlas but it was
relative to an octo exponent. It wasn’t two to the power, it was eight to the power.
And the reason for doing that was that it – it caused you to have less shift operations
to standardise the numbers before you did arithmetic, and less operations to
standardise after you’d done your calculation, so it made a big difference in the
procedures that went on. Er, one other difference in the accumulator was with the
multiplier. We always liked to produce a fast multiplier and a new fast multiplier, and
this time we took three digits of the multiplier so that you needed to have values, say,
from D, 2D, 3D, 4D, 5D, 6D, 7D, to actually add in, but we did this by only one extra
addition to produce 3D and then making the arrangements. Instead of just an adder to
add in the sub-products, and add a subtractor, so to get 5D you would subtract 3D and
alter the digit position for the next sub-product onto the significance of it to keep with
the fact you were adding 8D as well to make a difference. And of course it was
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minus-D if you were producing 7D. So for the forty – forty bit multiplication that
would require – it’s fourteen lots of three, so you would read fourteen sub-products
plus one sub-product for producing 3D, and so you reduced the number of subproducts you had to do. And the target there was in fact about six microseconds for a
multiplication, which was quite fast you see. Erm, another improvement was the fact
that we realised that on occasions you would have to switch from your user program,
for example, to run a peripheral or to actually run a sub-routine, and therefore we
introduced three controls, three control registers, so you didn’t have to move this
information back to the main memory. These control registers would obviously be
very much faster than the main memory, and so there was a main control which was
the normal user control, there was an extra code control which was used for handling
the sub-routines, and this time you could enter the sub-routine and return from it
without any program activity because that order was there to take the sine of a
quantity or take the cos of it or do the square root. The sub-routine was built in, so
from a user point of view that simplified the procedures as well and of course it was
secure by the fact it was only in a read-only memory, so you were confident that that
thing would actually happen. And then there was an interrupt control. Now in an
interrupt control you could change the machine from whatever it was doing, that is
either in the main control or in the extra code control, to handle an emergency signal.
Now why would such emergency signals arise? Well, they would arise from a
peripheral which had some data provided for you, it would arrive from an output
program which is I’ve got some data to put out to a peripheral. A higher priority
system would say there’s been a parity error, or there’s been an exponent overflow in
the, er, accumulator unit, so there are a whole series of what we called interrupts and
we made provision for up to 512 interrupts to be coped with, and a very fast means of
identifying which interrupt it was that come up. And so with the interrupt control
there was also a facility in the B-tube, one of the lines there was used specially to
identify which of eight signals had come up. That would lead you on to another group
of eight which had come up, you know, where it would have come up, and then the
further group, so in fact we could identify up to 105, 112 sources of interrupt very,
very quickly and deal with them. So that was another useful facility. In terms of
extra equipment, er, we never had any real tape decks on the machines before but now
we made provision for operating eight advanced tape decks in parallel so that, for
example, if they all operated simultaneously you actually have to deal with a word
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every eleven microseconds from a tape deck, so that was also built in automatically.
So once the tape started it was all taken care of, you didn’t have to program it or
anything, it was all automatic.

[13:50]

Now one the last point in terms of facility was communications. There was a start
now in communications over telephone landlines but the only lines that were available
from the post office were direct links between various places. And with Atlas there
was a direct link to Jodrell Bank, there was a direct link to Edinburgh University and a
direct link to Nottingham. The last two universities didn’t have computers of their
own, so they were using Atlas remotely. Now quite interesting really ‘cause there
was a bit of contention here. Nottingham demonstrated that they could use this link
very, very well and therefore – but they needed a bigger computer or they needed
more time, you see, and therefore they needed a computer of their own. Edinburgh, I
feel, took the opposite view, they demonstrated that it didn’t work effectively. A lot
of the problems were communication problems like you did require some people at
each end to ensure that things were proceeding properly and, you know, people at
each end would go to lunch at different times and things like this. So there were just
silly reasons for there being hold ups in the work getting done rather than a technical
reason but nevertheless they got a computer as well [laughs]. Er, but as I say, the only
links were direct links, they were relatively slow, like 100 bits per second, you know,
as compared with, you know, we’re talking eight gigabits or – eight megabits, sorry,
over the, you know, current lines. And you were not allowed to dial a telephone
number from the machine at that stage either, so you couldn’t use – you couldn’t use
the public network at all for this purpose. Now on the software side, the whole
handling of the machine was to be done by something called the supervisor program.
Now this was quite a complex task, erm, and involved experience with the machine
itself really to get the right result, although you could propose what should be ideal.
Now the man responsible for this work was Tony Brooker and also David Howarth
from Ferranti. This – the proposal now on using Atlas was that users were now not
allowed to put in input output at the appropriate tape reader or tape punch or
whatever, or mount bigger tape decks, it was all going to be done by computer
operators. So this was an isolation of the users from the machine. Now in current
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terms where everybody likes to be involved, you know, there were certainly some
people that didn’t like this. They were people generally who’d often used the
machine overnight because there were less people around and could in fact stop the
machine and use it for test purposes to get their program working. So this could be a
hindrance when you were getting your program developed but clearly what we were
saying was you have computer operators to take your material, to put it into the
machine and initiate the thing and to hand you back your results, whatever they were,
report back to you. And there would be several computer operators capable of putting
things in, so there were multiple if you like work stations on the machine to handle
this input output. And, er, also with the tape system that was designed you had to
give a job specification so that you could put your tape onto any vacant tape deck and
when you started it up the tape itself would indicate which job that it was appropriate
for. This was quite a difference from what went on normally. You know, normally
you loaded at a request for a particular tape to be put on a deck. In this case you put it
on the deck – now this really involved with things called input and output spooling.
Quite clearly you’ve got to input for a problem, you’ve got to compute, and then
you’ve got to output. Now clearly if you’re going to maximise the effort going on in
the machine, whilst you’re inputting you need to be computing as well ‘cause that
doesn’t take all the time. And so if you can overlap the inputting of one problem as
you’re computing for another and yet put an output for another, then you can be
saving time and increasing your production. So this supervisor program had to
manage the input output spooling, okay, and the organisation of recognising people’s
tapes and all the rest of it. And of course it also had – which was called job
scheduling, okay. But also then you had to produce a costing for how much time
people used on the machine. Now you’ll appreciate with having three lots of controls,
one was a user machine – user control, right, and the other two were really subroutines. And, erm, now what we decided to do was to use the number of instructions
as the element for costing, right, but then things had happened in the interrupt thing
which were organisational, we didn’t – you know, we didn’t look at those because
obviously you wanted the things only appropriate to the job itself. So the job costing
was based out on an instruction count in the main control.

[20:15]
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Coming on to other sort of features, timesharing was something we clearly could
accommodate. I think in the States there was timesharing going on where you
timeshared a computer to give a specific time to a done terminal, and you could have
a room full of students on done terminals. Now we felt we could go down that route
but we didn’t actually go down that route. Our timesharing was much more
timesharing by the fact that another event had occurred, like you timeshared the
computer because a peripheral wanted handling, right, or some – you know, an
experiment wanted something doing for it or something, or so these were causing a
timesharing action on the machine but it wasn’t a sort of regular time being allocated
to, you know, a variety of people. So that’s the way the timeshare – and that way
we’d handle things like the x-ray goniometer and things which were attached as – you
know attached as an experiment for input, output, from the machine.

Why did you decide to handle timesharing that way then rather than the sort of user
driven approach?
… We were not frantically happy about achieving a good user experience with a, from
a dumb terminal. That was – that was our basic feeling and yet we had to handle this
other thing, you know, we just had to handle that anyway ‘cause it just occurred
normally. And so we felt we could, you know, share the time of the computer to do
these other things and in fact in a sense it was the start of multi-programming in a
sense, because you could run all the peripherals apparently in parallel because the
amount of effort they required from the machine was relatively small. So you could
run all your machines in parallel and still do some computing, you see, so you were
actually running from an external view a whole – a multiple of programs. So, if you
like, this was the start of multi-programming as well, okay.

Hmm.
So that’s the state the machine was actually inaugurated by Sir John Cockcroft in
December ‘62 and it started running a computer service in January 1963. Now I’m
not saying that it was an Atlas efficient computer service at that date but it was
probably much better than the Mercury computer service which it was replacing, and
the machine would run Mercury autocode but obviously things like the supervisor and
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the Atlas autocode were still in an earlier state of development and weren’t actually
ready on that date, hmm, to fully utilise all the sort of facilities that we talked about.
So it did take some time clearly, probably another year, for those things to be merged
into something reasonable.

Right. Do you remember the inauguration ceremony at all?
Oh, certainly yes. I’ve got some documents, you know, which relate to what went on
which I’m quite happy to let you have and have a look at really about that, yes. So
again it was inviting of a few, you know, key people and the press to see what was
happening at Manchester.

[23:55]

Now I mentioned that in 1958 the Mercury arrived, replaced the Meg, and then later
on the Mark 1 disappeared, and that left the computer room spare into which in due
course, as it were, the Atlas work went. Up till that time any work – any experiments
we were doing with relation to highlighting techniques that might be using Atlas were
done elsewhere in the building. But in 1958 I mentioned there was a bit of
contention, er, about the work which we were setting out to do. I think at that stage
we actually called it MUSE, and this was a shortened form of Mu sec which in fact, if
you think of it as microsecond, and the very initial aim, you know, target if you like,
was to produce a machine which could complete an instruction in a microsecond.
That was the initial target. Now we certainly didn’t get there, right, but I mean we did
get to two microseconds and the multiplication was six microseconds so, you know,
we consider that as a target it was fine and what we achieved when we were going in
an – you know, an unknown direction was really fairly reasonable.

[25:55]
How did you set one microsecond – sorry, one operation per microsecond at the
target? It seems very ambitious.
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It was very ambitious but there were stories about people aiming in that direction in
the States and we felt why don’t we, you know, target something, and one sounded
much better than two so, you know, I think – I think it really was a target. But in
1958, erm, there was some intention nationally also to produce a fast computer. I
think the NRDC were involved with this on the government’s behalf and the working
was set – the working party was set up to actually – I don’t know what else it did but
it certainly did look at the Manchester proposal at that stage, so it actually came to
Manchester in March ‘58. And they had another meeting at NRDC in May ‘58 to
consider what they’d seen and then they reported a report which came out in June ‘58.
And it’s quite interesting actually to look at some of the comments that they made.
They – I think at that time the speeds which were talked about were of the sort of
order of two and a half to – you know, in the region of two and a half microseconds in
order. And the first comment was that they felt that what was discussed at
Manchester related to speed was quite, you know, achievable and was it first of all
acceptable and achievable. But they said speed wasn’t the only issue, there were
other important things from the user point of view. One of them was the size of the
random access memory, where they felt our proposal was a bit on the low side. And
the other thing was that there was no discussion of peripheral equipment, which did
affect the user, and therefore they felt was important. I mean our feeling with regard
to the size of the RAM, that it was a technical/economic problem, and that the size
was limited both by what you could achieve and by what it was going to cost you. So
we felt that ours was about the maximum sensible – our size was the maximum
sensible amount we could go forward with.

How big was the RAM at this stage?
It was sixteen – I think we were talking about 16k. Let’s say what it ended up with
was 16k, what was specifically said at that meeting, ‘cause it was early days I weren’t
– you know, I couldn’t be sure, because once they came around to look at experiments
that were going on, the principle discussion was with Tom Kilburn, because it was
obviously a fairly high level meeting. But they also felt that the team for building the
high power computer was small, even if you took Ferranti into account, although they
acknowledged that relationships between the university and Ferranti had worked very
well in the past, hmm. Er, they were told that the project would take three to four
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years to finish by Tom Kilburn, and if you take four years onto June ‘58 when the
report was produced, of course that’s June ‘62 and it was actually inaugurated in
December ‘62, so that wasn’t actually a bad estimate. But of course I think Tom did
make the point that we were build – we were doing experimental work with our own
money, that is money that the department had earned, right, but – by its activity, but
clearly to build a machine that they were proposing would take a lot more money than
that, so there was – we were looking for money and support to get the thing built. I
mean either Ferranti or if NRDC produced the money or somebody else, this wouldn’t
really matter, so at that stage part of – part of agreeing to see the committee was Tom
thought we might get some money to support the activity. And he felt – he, to the
committee expressed, you know, er, the problem that he wasn’t too happy in
divulging what we were doing because it was really rather early days. Bearing in
mind this team size again that I mentioned, they seemed keen to feel that it might be
possible to cooperate with another source of, you know, computer expertise and they
particularly mentioned RRE, the Royal Radar Establishment in Malvern, who were
also building a parallel computer although no aimed at the same sort of performance.
But then they raised the question of who was going to – if there were two groups
working, who was going to be in charge, ‘cause they felt it was very important for
there to be one person in charge, not a committee. Tom made the point to the
committee that if they – if indeed they did accept the Manchester proposal or a
collaborative proposal that he would only accept it if he was put in charge, and they
raised doubts about, you know, whether it should be an engineer in charge or an
architecture designer or a logical designer in charge, and how would this work and
who was it going to be, so to speak. So in the end they decided not to support the
Manchester project for these reasons but I feel that – and I think I felt it at the time,
that although they were quite distinguished people on the committee that it was a
problem of not invented here which came out of the committee report. With regard to
the memory, that was a technical problem which we felt we got the right answer for.
With regard to the people, we felt we could do it with Ferranti. We felt we didn’t
need another group to be added in and that would certainly cause quite serious
complications because it did take time to become affiliated. And so, er … if you like,
the result was achieved that if the committee had started off to end up with a high
performance computer, once they’d crossed us off the list then they didn’t get
anywhere with it.
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[33:20]
There was no – there was no solid proposal emerged to do anything. And I think it
was in the following year that Tom approached Ferranti’s again and said we’re getting
nowhere, can we talk about it. Now in that sense, at that stage, that was about 1959,
early ‘59, at that sense they sent some engineers down to talk to us about what was
going on and one of them, a man called Evan Warburton, one of their most senior
people on the engineering capability side, right, came down and said at the meeting, ‘I
hear some idiot wants to produce a machine which will do – obey an instruction in a
microsecond. It’s just not on.’ And Tom said, ‘That’s me,’ [both laugh]. So after
there was no more argument.
You’ve raised a few things in passing that I’d just like to quickly go back on –

Yeah.
If that’s okay.

Yeah.

You mentioned these meetings with the NRDC. Were you present at any of them
yourself or was it something that Tom was talking about later?

No, the meetings that actually I mentioned were of the working party at NRDC. Er,
the meet – there were meetings at NRDC initially for discussing the patent
arrangement with the university. That was pretty well exclusively FC Williams
himself and the vice chancellor who determined that agreement, er, ‘cause I think
Tom at that stage was a lecturer, okay, so that was done early on in the Mark 1 days.
The meetings with NRDC we had were either specifically with – I had were
specifically with their patent agent, or when there was a dispute over a patent, right,
but I think the – on this computer committee that had been set up with NRDC, that
was really external people. It was an expert committee externally set up at to which
Tom was invited as a member to contribute what the Manchester – I don’t think he
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was a member of the committee in general but he was certainly a member to
contribute for the Manchester effort.

Okay. Another question I had was on FC Williams actually. Where was he by this
point in the relation to –?

Well, I mentioned the new electrical engineering building, he was down in the
basement working with rotating machinery, making a variable speed induction motor
I think at that stage.
So interests had moved away from computing –
Oh, absolutely yes. FC Williams’ interest in computing evaporated after the circuitry
contribution to the Mercury and when, if you like, there was an insistence that we
were going for floating point arithmetic, which from FC’s point of view made the
machine unnecessarily complicated but very valuable to the user, which is the point
we were making and was the reason we did it.

You mentioned as well team size and the NRDC thinking that the Manchester team
was too small.

Yeah.

How many of you were there by this point?
… There were quite a number of people involved in experiments which were
computer related. Most of the – most of the electronics research was to that end,
although there was some also on the – in the servo mechanisms area, hmm. I would
say that there were at least one, two, three, four, five, there were at least six members
of staff, right, and of course then there were research students. You know, we got
people coming from abroad from America, from Australia, and all this, to do research
in the department, right. Er, also there was a – I think a Czechoslovakian refugee as
well came to do research with us who was, you know, well qualified in his own
country but, you know, had to be taken on a three year special – three year MSc
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arrangement to – to accommodate him but, you know, he was well qualified and he
did very well for us, so we were very pleased with him. [phone ringing in
background] But that was the arrangement, so there was certainly – there was
certainly another half a dozen, six to eight, research students available for work as
well.

So the research students would sort of be working on topics that were directly related
to computer development then as well?

Yes, some would be working directly on projects which were going towards Atlas.
Others could be working on things which are computer related but not necessarily at
that time seen as a direct input to Atlas computer. For example, we had some people
who were working on electro-luminescent displays, okay, so that you can make a
digital display on a flat plate. That was very early on, so we did have some work
which didn’t come to fruition, as it were.

[39:20]

When you were describing Atlas at the start of this interview I was very struck by most
of the innovations you were talking about were all very much related to speed. Erm, I
was thinking as well though – you mentioned also that reliability was important as
well, and I was just wondering what were the specific reliability considerations with
Atlas at this stage, or MUSE at this stage I guess.
The major issue really concerned with the switching device itself. We’d already
experienced in somebody in the department building a small transistor machine that
point contact transistors were very unreliable. During the Mercury time there’d been
a translation as well from the point transistors to junction transistors, which were
much more reliable but slow, so we had to wait for techniques in manufacture to
emerge which were faster. So when it came to the ‘56, ‘58 period, then transistors of
the right type were beginning to emerge. Now if you like we can talk a bit about that.
At the time we – so one of the first things we want to say, we wanted to go at high
speed, we need a logic circuit to work not at ten microseconds but at – or at one
microsecond as in Mercury, ten microseconds in the Mark 1, one microsecond in
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Mercury, we now wanted it to work at 100 nanoseconds, right. And so we were
looking at transistors to do that job. Now at the time there were two sorts of transistor
available. One was called a surface barrier transistor, this had the advantage of
working and switching well in and out of saturation. Now saturation refers to a state
when the voltage between emitting and collecting is as low as it possibly can be, like
point one of a vault. And you could switch in and out of this state very fast. The
problem was that in order to achieve that took a rather difficult production process,
and the device was very expensive. So when we were starting to look at buying a few
of these for test purposes they were, you know, twenty pounds each.
Just a little – one single tiny component?

Right, one switch, right. They were obviously going to come cheaper, right, but there
were two types that were available. One was called an SB240, which would be quite
useful for normal logic, and the other was called 2N501 which had a more power –
which had a more powerful capability, it could pass more current. And if you think of
operating a word full of gates in parallel at a particular instant in time, then you need
to operate all fifty gates, right, and so you wanted something that could do that job.
Now the 2N501 was something that would do that job, so, yes, so it was available.
Now clearly that sort of transistor, you didn’t need that many of, so you could at least
contemplate its use for that. The other transistor was called a drift or graded base
transistor, and this was where there was a sort of built in field in the base region to
accelerate the carriers through it to the collector. Unfortunately this required at least
three volts between emit and collector at all times, so obviously, er – but it would then
work at high speed, it was also very cheap to produce. So when we were looking at
this and thinking of a lot of transistors, I mean there ended up to be 60,000 in Atlas,
clearly we had to go for the cheaper transistor, so the logic gate was made from the
cheaper transistor with diodes for doing the logic and doing the catching of the
voltage levels and things, and the voltage swing from the logic gate was reduced to
two – two and a half volts. Now this was quite interesting because obviously it
needed less power to move only two and a half volts than it took to move the thirty
volts which had previously been done with valves in a Mercury. So the other
advantage of the transistor was the fact it was more sensitive.
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Hmm –

[44:10]

Now perhaps I should say one other circuit point. If you think about parallel addition
then you can think about a state, I don’t know if you can think in binary, but you have
let’s say all ones or a lot of ones in one word and you’re only adding one to it. And
what this means is you have to put one and one in the first stage, which produces a
nought, and carry one. One in one in the second stage but carry one. One in a one in
the third stage, and so on, so you’ve got to – but you’re going through sequentially on
the carry circuit to get to the end. Now it is possible to design an adder such that you
can set up all the conditions required in parallel but the switch which you require –
and you can set the switch requiring the thing to operate in parallel, right, but then you
have to make sure that the carry goes through a whole set of switches, let’s say forty
switches. Now if you think of the switch on a relay, that’s a mechanical switch, you
can say oh, that signal is only going through a piece of wire, so the transmission time
is only the length of a piece of wire. Now, you know, at a – light is a nanosecond per
six inches or something, so in a cable it’s about a nanosecond a foot, right, so you say,
oh, it’s very, very fast. So if we can make a switch to resemble a mechanical switch,
that was the idea of using these surface barrier transistors which operated fast, to
switch fast, with a very small – even in and out of a small voltage across, they needed
to work with a bigger voltage across and switch off but you could have a small
voltage and they would switch into that state fast and out of that state fast, would this
work? And so there was an – this was an invention, if you like, which actually did
work and we were able to transmit down the whole forty bits in about sixty
microseconds in fact, right – sorry, sixty nanoseconds, not microseconds, sixty
nanoseconds [laughs]. So, you see, it was feasible to make a parallel adder with this
fast carry technique and so that was patented. It was certainly known about in ‘58, I
think there was a discussion meeting of the IEE which we discussed in early ‘58, and I
think it was published in about the end of ‘59, hmm. So that was certainly known
about when this committee came round to look at it, and I think they accepted the fact
that that was a useful contribution, so that in specific instances we used these
transistors and also generally for the timing systems where we needed to operate a lot

© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 179
C1379/11 Track 6

of gates in parallel. But apart from that we used the cheaper transistor, which worked
quite well.

Hmm. The cheaper transistors were slower then, yeah?
No. No, the cheap transistor was the same speed –

Right.
But you had to maintain the voltage across it, so this meant that you couldn’t operate
at a high current because it had some volts across it all the time so the power would be
put up, you see. So you could only operate it about the ten milliamp sort of level.
Now speaking of that sort of power consideration, because Atlas was such high speed,
in a lot of places we needed to transmit signals with coaxial cables. Now coaxial
cables need to be matched, that is to transmit the signal properly, because otherwise
reflections are produced from the nature of its inductors and capacitance. But if you
match it then this is the correct form of damping so that the thing goes through
perfectly cleanly. Er, typically the impedance is fifty ohms, now if you take a two and
half volt signal in fifty ohms, right, that requires forty-five – or forty milliamps will
produce two volts, okay. So it requires a lot of current to do that job, and we had a lot
of matching to do. So we introduced a circuit where we matched the signal into the
base emitter of one of these cheap transistors. The base emitter gives a certain
impedance and we topped it up to fifty, which was the value required, with a series
resistance to the – now we didn’t know that this would work properly initially but it
worked superbly and therefore we were able to operate a coaxial line by just sending
ten milliamps down a line which produced – having put that in the emitter, in the
collector you got a normal operation producing a normal logic signal, so we were able
to reduce the power dissipation by another factor of five, you see, wherever this
happened. So there were a number of interesting little circuit developments like that
which were, you know, in their own right not fantastic but quite important.

[49:50]
Hmm. A lot of small little innovations then as you’re going along.
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Right, yeah, yes.
I’m just trying to get this sort of – get a sort of mental image in my head of how this
all slots in together. So do you have different people working on these little tasks all
the time or are they problems that you deal with along the way?
Well, it’s – I mean it starts off – you know, when you have the first idea that you want
to – you know, we believe that we wanted to operate fast. Er, we believed that we
could achieve a lot of that by going to parallel operation, okay. So we were already
well on the way, right, but then we believed that we also wanted to improve that
performance by using faster circuits. So the first thing as engineers we would look at,
say, what’s the feasibility of producing faster circuits. Now reducing the signal swing
was obviously quite important, right, and getting the right transistors which would
work sufficiently fast. As I say, we were there stuck with what was technically
available but these transistors were becoming available, you know, at the time and so
these looked promising. Er … the initial start would be made with just a few people,
starting on the circuits, and when that started to look promising you would – you
know, you would think about doing something else. But obviously at lunch times you
were thinking broader questions like, you know, what sort of storage are we going to
use and things – so you’d start thinking, well, the Mercury core store was ten
microseconds and we’ve – you know, some people operated it down to eight, where
do you think we could get to? I mean these are the sort of things that you asked
yourself. And you sort of talked with the manufacturers and say, are you producing
different materials or using smaller codes then we don’t have to produce quite as
much current to drive and this sort of thing. And we found, yes, there were
significantly smaller codes being produced and that manufacturers felt that they could
assemble these in the sort of normal assembly which required a further number of
wires to be put through and the current would be manageable to get through the grade
of wire that was being used and so on, so you had all these questions to consider. And
so we looked at how you would speed up the core storage and there are – there were
sort of two sort of techniques available for core storage. One was to take an X and a
Y in selection where the interselection of the wires caused you to select. And the
other was to take a different sort of selection which drove a word in the one direction,
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so you’d get all the bits of a word out in parallel and your selection was purely a
linear selection for how many went down in the Y direction. And we looked at these
techniques and what was going on elsewhere, and, er … that was one idea to look at
what might – you know how to look at what transistors would be available also to
drive quite high currents to drive the thing.

[53:05]

The other idea which occurred, which was if you take a core, you switch it from one
saturated state to another saturated state. If you, for example, switch it not to the other
saturated state but by twenty-five per cent of the flex, how square is the core at that
point? Now is it stable, right? Could you leave it stored at only, as it were, quarter
filled? ‘Cause if you could only quarter fill it, we might be able to amplify the signal,
the signal would be less ‘cause you’re changing less flux, but we might be able to
produce an amplifier to accommodate that signal. Er, since we’re only switching the
core on flex it might be five times faster. And so some experiments were done to look
at that sort of feasibility, and in fact we did some work at the university and there
were some papers published in sort of ‘59, ‘60, about improved speeds of core
storage, including this flux switch operate – this partial flux switch in operation.
What we’d found was that you needed two codes, however, per bit to make it stable in
that partially flux switch. So you either partially flux switch one code or partially
switch the other, and each in turn, each of – the other core in turn would be in its
saturated state, right, and you were – you were taking the signals from the
combination. So you’re either getting a signal from one core for a note or from the
other core for a one, which was partially flux switched. And we found you could
make quite a big improvement with that technique provided – I mean you wouldn’t
want to have twice as many cores in a big core store ‘cause the expense is again, you
know, a problem and of course getting it – getting them introduced to the size. But
you could have a small store. And so, for example, the B-lines which you made as a
small core store this time were 128 lines of 25 bits, which our target initially was half
a microsecond but it ended up about point seven, you know, when we tried these
experiments. But we were hoping that we could have produced it at that but it – you
know, a quarter of two is point five right, I mean roughly saying, but when we ended
up it was about point six to point seven, reliable operation, hmm. Now the work we’d
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done was to discuss with – you know, when Ferranti came on board some time in ‘49
and said they would help make up – make the machine, right, the main change to
Atlas, right, and since NRDC had decided through their working party not to support
it, some people suggested calling it BISON, built in spite of NRDC [both laugh]. So
you can gather there was a bit of feeling about that. However, the key thing was that
Ferranti decided to support us at the highest level, and that was very important and
gave the impetus from the cost point of view and from the manufacture point of view
‘cause clearly something the size of Atlas needed proper commercial workshops to
produce and checking to produce, to get reliable operation.
Can I ask you –?
So – yeah, so as I say, er, what I wanted to say was that Ferranti looked at our
experiments and then decided they would sub-contract the storage work to Plessey,
who were another electronics firm who actually make – they actually produce the
surface barrier transistor on licence I think from Philco in the States. Er … so they
were experienced engineers and they produced the stores for the Atlas. They were in
blocks of 4k words of fifty bits, and there were four blocks used in our Atlas. They
also produced for the B team 120 lines of twenty-five bits at about point seven
microseconds and using the partial flux switch technique, so – and because it was
such a new development, I mean we’d only done experiments, we hadn’t produced
complete systems, clearly both the universe – university engineers and Ferranti
engineers went down on a regular basis, like once a month, to the Plessey company to
review progress and go over the building technique. And the techniques needed to
make the interface because clearly we were experienced in – we had this experience
in designing an interface at a high speed, so whereas you just couldn’t connect a wire
any more, you had to use, you know, either twisted pair connections or coaxial
connections to achieve a proper signal passage, right. And then, you know, that sort
of information was conveyed to Plessey so the interface could be made correctly.

[58:45]

Hmm. Could we go back to the experiments on core store?

© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 183
C1379/11 Track 6

Yes.
I get the sort of – I sort of get the science behind it, I was just wondering were these
experiments you carried out yourself? Were you something you got someone in the
university to –?

Oh, no, no, no. I mean we cooperated with the people producing the cores to produce
us matrices of various sorts of cores, and we experimented – but no, all the
experiments I’m talking about were done in the department.

Right.

The manufacture and sort of development of some systems from an experiment, as I
explained now with Plessey, were done externally but with our and Ferranti’s
cooperation.

Hmm. What sort of equipment do you need to do these sorts of experiments on core
store?
Well, you need – you need equipment to, as it were, make printed circuits, right, to –
to get these manufactured, assembled. You were still soldering, you know, individual
components together on a printed circuit board, right, and so you needed that sort of
technical workshop to support you. In fact I – er … later on in developments we had
our own printed circuit facility in the department but not in Dover Street, right, not
when we were in Dover Street. We – we used Ferranti to produce us a standard size
board which we could, you know, assemble various things on, so it just had a set of
contacts and a few distributor contacts that you could use for fixing things to, right,
and this was a sort of general assembly board that you could wire up anything on and
then plug it in and the gold plated connectors were already there to plug into a socket,
you see. So – but Ferranti would produce those general purpose boards for us at the
time.
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Could you just –? One last little question on this because I’ve just got to visualise it
in my mind really. Could you sort of describe the experimental set up for a core store
experiment?
Right, well, you’d have to – for the partial flux switching, for example, what we
decided to do was to use a big core with, if you like, a transformer connection from it
to a set of cores which would form the word. So the total flux in this was switched
and then you applied it for, as it were – the current that was then produced in this
would then share between all the other cores on the wire, right. And it was sufficient
then to share that much flux with, say, fifty cores. So you’d arrange a core to provide
the flux, and fifty cores – fifty cores on a winding which went round it and went to the
other cores. And so that would actually then – you’d be able to switch the cores from
a saturated – you had then to arrange other wires which would get them into a
saturated state, that would run vertically, okay, and wires to read out, okay. And so
you’d have to have – then you would probably only be – whilst you might be driving
fifty cores to get a realistic view that you could actually get the flux to share sensibly
between all fifty, but you then only operate one initially to make sure that you could
actually read it and write it, and it seemed to be stable. Then you would perhaps then
move from, say, oh, making no progress with one set of cores, we’re going to have
two sets of cores, right, with then perhaps different vertical wires going through to get
them into different saturated states and so on. Yes, so it’s that sort of – that sort of
mechanical and electrical variation, and you would observe what was going on on a
techtronic oscilloscope, okay. So we would be looking at the current wave forms
produced by the flux change, and so those were the sort of experiments as well.
Similar sort of experiments were going on, for example, to do the carry path. You
know, we would – we would, say, build five or ten of these switches in series and
saturate them and first of all see how long it took to – you know, would they be able
to drive this thing about? How would we compensate for the fact there was point one
of a volt drop across every transistor? Could we compensate that without causing a
severe extra delay in something, you see, right, and so on. So these sort of
experiments were going on, and all I can tell you is that the arrangements were fairly
hair raising so, you know, the precautions from an electrical point of view weren’t
great and then one day a transformer on the floor was tipped. It attached itself – there
was a mains lead going in, which was onto two terminals, the terminals contacted the
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rack and the rack then blew up about twenty of these very expensive transistors, so it
was 400 pounds gone in a flash [both laugh].

[1:04:20]

Is it generally that hazardous working in an electronics department?
Well, it wasn’t really hazardous from a personal point of view but it – it was just a
matter of the particular people doing the job wanting to get it done quickly, I mean
that was the difficulty. There was still an emphasis even that late in doing the job and
getting results from – you know to indicate that you were on the right path.

Hmm. Where was this time pressure coming from?

Well, we wanted to proceed to actually make, you know, a complete adder. There
was no point in making a complete – you know, you would start off and make, say,
four – four parallel adders, you know, to do the transmission. ‘Cause, you see, there
were other contenders for – other means to get round this carry problem which other
people were doing and which we didn’t want to use but, you know, we would rather
invent something different but, you know, which way were you being pushed? And
so, you know, in terms of wanting to produce a machine at the end you had to make
progress to get answers to some of these key questions which you were asking
yourself.

[1:06:15]
I have another question as well, something that’s popped up a few times, talking
about we made such and such a modification because we knew that users wanted it. I
was just wondering what sort of feedback did you get from users on a sort of day to
day basis?
… You got immediate feedback from the users if the machine didn’t work when they
were trying to use it, right. So there was instant report on any problems concerning
reliability. Er, but as regards general usage of the machine, that happened
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spasmodically really when you really said, oh, I wonder how so and so’s going on,
you know, we’re asking a few questions really. And I think the push for that came
from us rather than from the user themselves ‘cause they were – the user is always
interested in solving his own problem. Er, he’s also using – he’s also thinking ahead
in the sense that, you know, what would he require – what would he require to solve
it, you know, in a better way or a faster way or what. And I think one of the
impressions that we got was when you changed machines from a Mark 1 to a
Mercury, for example, the machine was obviously very much faster than the Mark 1
and you suddenly realised that very quickly the machine got filled up again. So you
realised that users were able to expand their problems quite quickly to fit the machine
that was available, and therefore when they said you needed a bigger machine and a
faster machine, we felt that these were really the key questions that needed some
answers.

I had another question on the user front as well. You talked about when Atlas came in
that you instigated a sort of – a user service, so you’d have people entering programs
for users.

Yeah.
There’s this whole extra layer there than before. That didn’t exist at all before then, it
–?

No, no, I mean there would girls who helped users prepare punched tapes and things
like that, right, er … but previously they were really data preparation people rather
than computer operators, if you like. So if you like, this was upping – this was
increasing their status and certainly their importance as far as the user was concerned.
I’d say in some cases users felt, you know, they would really like to be on the
machine themselves but this was because they – their development techniques and
correction techniques from the program were such to stop the machine and look at the
thing as well. With Atlas we didn’t feel this was, you know, an appropriate means of
going forward.

[1:09:45]
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Hmm. Could you talk a little more about that decision then to sort of add this extra
layer? Why was it –?
Well, I think it’s – I think it seemed to work quite well for the Atlas period and – and
subsequently, although of course subsequently I mean people were on intelligent
terminals linked to other machines. And in a sense that’s really a more – a
computerised version of what we were doing with the goniometer, which was an
experiment which you could have some hands on – a thing with, but linked to a
computer.

Hmm. You mentioned a moment ago that there was this change in status from people
who were just helping people punch their tapes –

Yeah.

To people who were the actual computer operators later on.

Yeah.

I was just wondering, what were the other differences between the two jobs. Were
there extra technical skills involved or was it –?
Yeah, you had to get used to – I mean previously the user used to take his paper tape
and just insert it in the paper tape reader and, you know, press a button and cause it to
go. Now on Atlas you first of all had to make sure that the – when you went and you
were using what was called the disengaged unit, right, that is one that wasn’t
connected to the machine. And having loaded the tape you pressed the engaged
button. Now the engaged button gave an interrupt signal to the computer. Now
roughly speaker the way Atlas worked was every time, I can’t remember what the
specific time was but let’s say every second, Atlas instituted a – you know, a look at
the interrupt things to make sure, you know, if it wasn’t – if it was an interrupt signal
that it was … I’ve got the wrong story. An engage button was just a signal which the
computer looked at on a timing basis. The interrupt thing was something which
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automatically went back to the computer. So there were these two means of
communicating to the computer, really, one was with the engage button and the
disengage button, and the other was via the interrupt but there was an internal
automatic system, right. So the operator would come up, engage that or go to a tape
deck, put the reel of tape on, and then the press the engage button. So, as it were, all
the peripheral equipments had these engage, disengage buttons on.

What sort of level of technical expertise would these people have had?
… Well, I think really they sort of grew up in the business and, er, for new people
there was probably a short training course to get them to do the simpler techniques
and then lead on to the more complicated. ‘Cause the difficulty was always when
something went wrong, you know, when a user was expecting an output and nothing
arrived and, you know, these were the difficult sort of – this was the difficult sort of
problems. So there was always some sort of supervisor, you know, on duty on the
machine to make sure that these sort of more severe problems could be handled.

[1:13:40]
Something else you mentioned a little while ago also – also interested me. I mean you
were talking about how when Atlas was first up and running you didn’t have the full
sort of software tools for it ready yet, a supervisor program for instance. And I was
just wondering about this relationship between hardware and software during the
development process. Was it a case of you designed this machine that the software
people then made their code fit? Or was it a sort of more interactive process as you
went along?

Oh, no, it was an interactive process as we went along to determine the methodology
that, you know, they would prefer to, you know – and certainly all the order code and
all that was certainly discussed extensively with them, all the extra code arrangements
and so on. The fact that you could use an extra code order whilst you were in extra
code, and that sort of facility was also provided. You know, so – and this would be,
you know, at the sort of designer – user, designer request really, so yes. No, the
design of the machine would be outlined, which was known by everybody, and then
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when people were specifically dealing with details, you know, of implementation they
would certainly be discussed with the people who were producing the software.

Hmm. Right, so neither really. Did hardware lead software or was it more a sort of,
erm … I’m just trying to get an idea of the relevance of the importance of the two in
developing a computer.
Well, the two – the two are vital.

Right.
One can’t do without the other, right, the two are absolutely vital and so it is very
important that there is reasonably good communication at all times. That’s not to say
there were difficulties. I mean when we were commissioning Atlas, that is putting it
together and working, there were periods when the engineers came in to do the work
and this could be overnight, so you’d be coming in at two o’clock in the morning,
right. And the programmers had been in up to two o’clock and there would always be
a bit of a battle about they weren’t quite ready to come off, you know, and we’d come
in at two o’clock in the morning to come on, you know. So there was – I don’t say
there was always difficulty but certainly when it came to switching activities but there
clearly had to be reasonable acceptance of, you know, both sides of the story.
Who were the software people by this point then? You mentioned Tony Brooker –

Tony Brooker. There were people on the Ferranti side of whom David Howarth was
by far the most influential. There were people like Derek Morris and Bruce Paine,
who was a New Zealander, with Tony Brooker on the software side. And I think, you
know, just one of those things – I mean when you’re in a university people do take
sabbatical leave, and I mean it happened that Tony took off some leave to go to the
States ‘cause it was already arranged, you know, at rather a vital time in the
supervisor development. So that was a bit unfortunate but we managed to work it
through and he did what was necessary, but I’m sure he will talk to you about that
anyway. But you have to deal with all these circumstances, you know. When you’re
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building a machine and it’s gonna take years, you know, you can’t have everybody for
every minute of the time.

Can we take a short break at this point?

Certainly, yes.

Okay.

[End of Track 6]
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Track 7

Go.

Right. One of the other things in starting up the project, as it were, that when we were
again looking for speed was the idea that a random access, read only memory, might
be useful. We thought that this could be used for subroutines for driving peripherals
and for organisational routines, like part of the supervisor, you know, things which
wanted to be secure, which couldn’t get into trouble. And so we had the idea of a
very simple process to make such a memory where essentially you had a loop of wire,
let’s say running along in the x direction, and a loop of wire crossing in the y
direction, and where they crossed you could either put sort of ferrite rod in, which
would link one wire to another by transformer action and would produce a one, or you
could put a piece of copper in instead which would prevent the flux linking and would
be a nought. And we talked to a firm which produced Bunsen burner gauze, if you
think of the size of that, ‘cause you want it to be this fairly compact, and they were
able to produce a mesh about thirty odd inches wide which had 500 wires, all
insulated through and colour coded so you could actually – we colour coded the
insulation so you could actually go through it in groups, hmm. Er, and then you could
make this to a length of, you know, over 100 inches or something, right, which would
accommodate a certain number of words in the wrong direction. So you could drive –
say, 500 wires would make 200 loops, so you could have 200 words of – you know,
of how many bits you were able to go in that direction. And so we could arrange
sixteen words in that direction and 256 in this direction, in thirty-two inches, so – and
these bits were not put in singularly, your nearest thing – the nearest thing to resemble
it is a hairbrush but it was a piece of plastic into which you inserted either ferrite rods
or copper wires, pieces of short copper rods, and these would be your nought and one
bits. And you could get then sixteen bits in a piece of plastic about an inch by a
quarter of an inch, and so you could insert your data in like that. Now clearly it was a
process first of all to make the plastic hairbrushes to the right content, and then to
insert them in the holes created in this mesh. So it was a slow process but the system
was very cheap to make and design ‘cause the mesh was very cheap and the small
ferrite rods and wire were negligible, and the amount of circuitry you needed was not
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too bad. So that worked and you could make 4k words, er, operate at about half a
microsecond in that thing.

[03:45
And so we felt it was a useful – a very useful contribution to have such secure
programs. Now when the investigating committee came, they looked at the work on
the fixed store and they were not in agreement about its feasibility. Some people felt
that RAM – it would be much better to have a bigger RAM and this sort of – this sort
of went with the party who said it would be better to have a bigger random access
memory, but other people did seem to feel that the secure aspect of this memory could
be a significant advantage. And I must say that’s what we felt and the business about
being able to change things as you worked, we provided this fixed store with a small
private random access store into which it could put its relevant data whilst it operated.
And so this was a 1k memory of fifty bits which it could use as a sort of buffer to put
in whatever data it wanted to change and vary. And so that’s the way we got around
part of their objection, hmm, in the Atlas system itself.
So you can use this small 1k buffer then as a way of –

Right. This was called a subsidiary store, right. I mean I think the committee also
commented that they didn’t think twenty-five bits was a large enough address word
but, er, since we could certainly store – you know, access more than a million words,
you know, we felt it was from an economic point of view, you know, very acceptable.

Who were the NRDC people?
Well, I can tell you but I don’t know – I mean I can’t remember offhand but I don’t
know that I should [both laugh].

Well, if you want to restrict this section of the recording for thirty years or something,
jut it would be interesting to know but –
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[laughs] Well, certainly two of the people were Cooke Yarborough from Harwell and
Professor Wilkes of course from Cambridge. I can’t remember who the other
members were.

Did you think about the way they were treating Atlas or the proposal for Atlas I guess
at this time?

Well, I mean I think we were cross that they used what we felt were very general
arguments which were not themselves restrained by finance or something, do you
understand? They were not constrained by technology or finance, their remarks, and
so – and of course as for peripherals, we felt there was plenty of time to design in the
arrangement for peripherals in 1958, erm, but they seemed to feel it was a great
omission from the user point of view at that – I mean as a proposal at that stage but,
you know, it wasn’t a complete proposal at that stage. And I mean it caused them to
say that they felt it would involve a new logical design, right, whereas we felt that it
certainly didn’t.
I’m guessing Tom Kilburn wasn’t very happy with this approach?
Oh, no, not at all. Well, I mean Tom was – Tom and his team were responsible for
what was being proposed, and what we wanted was to get support for it. If it could be
adapted with reasonable discussion into something different to suit other people, and
indeed to suit what the NRDC plans might have been for a more powerful computer,
I’m sure that, you know, this would have been accepted reasonably. But I think, er, to
reject it was unreasonable on the basis there was nothing else available to replace
those ideas and it was clearly going to take time for those to evolve. And in fact,
using such very general, you know, complaints about it was never likely to evolve,
and as far as we’re concerned didn’t evolve.

So you were designing a computer with what was then there available, and their
concerns were far more generalised.
Then immediately available or looked – you know, was at least – the cost was going
to come down, as it were, you know, in a year’s time or something, you know. This
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was the aim really to get – I mean from Ferranti’s point of view they had to produce
something commercial.

[09:10]

Hmm. When do Ferranti, or what are the circumstances under which Ferranti
become involved with Atlas?
I think by the – you know, by Sir Vincent and Basil and, you know, and the family
themselves being involved. They’d had – there were family relationships obviously
over the Mark 1 and the Mercury and so I think, you know, the fact that we’d had a
good relationship and it seemed to work, you know, and some of the people at
Ferranti were still supportive of it, of what we were talking about, was, you know, a
big factor in deciding at the top level that they should go out with it. So I think it was
decided at the highest level, you know, a family decision that they should go ahead
with Atlas.
So where –? Can you just talk me through the process? Well, we’ve already sort of
touched on bits of that, I’m just trying to sum it up now, the time being Meg and
Ferranti being involved. Where was Atlas or MUSE development at the stage where
Ferranti became involved. How far had it gone?

Oh, well, I mean Ferranti became involved in 1959, right, so if you like from, I should
say, about the end of ‘55 to ‘56, ‘57, ‘58, I mean there’d been four years in which
we’d been thinking of things without any Ferranti involvement, if you like, hmm. But
in 1959, you know, Tom had talked about Atlas at Ferranti, right, and it was decided
to go ahead and there were some more meetings and discussions. And then I can’t say
– I can’t say precisely in ‘59 but there were certainly meetings at the start of ‘59 to
discuss Atlas, you know. Oh, sorry, it was to discuss MUSE at that stage because
Atlas name only came into being when Ferranti were involved. Atlas was their name
for the machine.
I’ve got a little side question here actually. I’ve always been quite fascinated by the
way that Ferranti named their computers. You know, there’s always something
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mythical about their names. I was just wondering what it’s like for someone who’s,
you know, worked in a laboratory designing these things to sort of have your
computer that you’ve designed in a certain way, given your name and knowing it by a
name, and then Ferranti coming along and changing the name. I was just wondering
if you had any opinions on that.

Absolutely, no, no, absolutely irrelevant. If they wanted to make the machine, you
know, that was the key issue really, so what they called it, I felt was irrelevant, as long
as they accepted that it was, I mean largely, a university design or, you know, that
whatever it was, it was, you know – came out of a university design. So, you know,
this is, er – that was the important thing to us ‘cause we did want to see the work, you
know, be used really.

Hmm, hmm.

[13:00]
No, you’re talking about experimental work, now with the one level store it was
obviously necessary to ensure that we had a big enough random access store to make
sure that the trans – that enough instructions would be obeyed to cover the times to
transfer blocks in and out of the memory. And so there were decisions to be made
then on, you know, how should the design of the drum be changed, say, from what
had gone in Mercury to fit in with the requirements of the one level store in Atlas.
And initially we talked to Ferranti about, you know, the drum and they said, ‘Oh,
we’ve got a drum, you know, which is quite – which is, you know, quite a good drum,
you can use that.’ ‘Well, can we run it at twice the speed because we’d like to reduce
the access time by at least a factor of two?’ ‘Well, there shouldn’t be any problem
with running it twice the speed. No, I don’t think that’ll cause any difficulties. You
know, we’ll supply you with that and we’ll run it twice the speed, you know, we’ll
make sure it runs at twice the speed.’ So that’s what happened. So the initial work on
the drum started at twice the speed. Now the heads which Ferranti were using at that
time were in large blocks of eighteen, and what we found fairly quickly was that these
drums had to be separated by quite a small distance from the surface of the rotating
drum mechanically. And we tried this in various positions on the drum and we found
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that at the extremes, due to the construction and let’s say the temperature and other
things, and the increased speed of the drum, the actual movement of the surface
causes problems with the setting that it seemed to vary quite a bit, whereas in the
centre, where the construction’s different, it didn’t move quite as much, and this was
due to the construction of the drum, so we were a bit unhappy about that. And then
again, we wanted the transfer time to be done more quickly so that – because
previously you took things up at one track serially, so we felt we’d like to transfer the
data rapidly – much more rapidly as well, so you get an average access time plus the
data transfer time. We wanted that to be quick, so we thought of running twenty-five
tracks in parallel to do the job. The twenty-fifth digit, by the way, was a parity digit,
The twenty-four digits were the effective ones for work. So, er, we tried then running
things, operating these heads in parallel, where you were say writing ones on the
eighteen header block on, say, nine – eight one side and nine the other, and the one in
the middle was trying to write in nought, so it was experiencing pick up, if you like,
from all these and so – and we got into trouble with that. So we tried experimentally,
first of all, to sort out the trouble, right, and this involved going down to STC in
somewhere in the Midlands, who actually made the heads for Ferranti, and to put
screening in and use different techniques and all sorts of things, but we got nowhere
with that, and we decided then we’d have to operate it as one head per block. But the
movement of the – at the speed we were running and temperature variations and
things, we found that we – it was not reliable to position the heads close enough to the
drum and so in the end we had to decide to pack in the drum completely. Quite
clearly we’d done a lot of work on the electronic design, how to set up the selection
system, how to read right, how to get the appropriate speed of signals and the amount
of current to do all that. So we’d done all our electronics, so we then had to look for
another drum, and what we decided to use was a drum we could buy from the States.
Er, we would just buy the mechanical side of it but all the heads were individual heads
and now float – scattered over the drum surface but now floating on the … air brought
round. And I think in fact the movement might have been from a drum to a disc as
well, rather than, you know, okay – and this – so this we bought as a mechanical
device with the heads in place and the selection diodes for selecting the – the thing.
But the rest of the electronics was then transferred from the experimental work we’d
already done to that system, and that worked perfectly well. And in fact there were

© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 197
C1379/11 Track 7

four such drums in a cabinet, which produced something like 100,000 words of
memory. In those days the capacities were not quite as big as they are now.

[18:30]

How big is 100,000 words at this point in comparative terms to other machines?

100,000 words. If I said the nearest is a gigabyte, hmm, you get a feel.

Hmm. Who did you actually have contact with, with Ferranti, from Ferranti, sorry?
Were you meeting sort of engineers on a daily basis? Was it people like Basil or
Sebastian, or …?
On the – well, people like Basil very occasionally, Sebastian even less. Right, those
were the two brothers. Er, Basil seemed to be based down in London, I think
Sebastian lived at home in, er, in Alderley somewhere. And – but the person we saw,
if you like, most of all was the manager of the … you know, I – of the Ferranti factory
who was Peter Hall, you know, at that stage, but he was at West Gorton. Plus of
course, er, various engineers like Evan Warburton, Gordon Haley, who were, if you
like, design engineers, but plus also people who were going to become maintenance
engineers. So, you know, even as the elements were commissioning we had the odd
maintenance engineer who was round there helping commissioning and finding out
what the system was. So there were quite a few people involved all together, and of
course there were people at the factory itself who were manufacturing, there were
people who were in the test set up who made sure that what they manufactured
conformed to what they were asked to produce. There was a system for putting in
changes, you know, right. And of course there was a sort of inspection system to
make sure that all the joints had been properly made and so on. But even so we did
come across the odd problem where, you know, on a particular gold plated pin, on the
back of the socket which was actually used, there was no solder or anything, so
obviously the wire which had been on there had dropped off, right, and we had to
replace it. And it must have operated for some time in that condition because, you
know, it was found later when the machine was actually operating.
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[21:30]

[laughs] What sort of uses did you have in mind for Atlas when it was being
developed?

[pause]
I just think you’ve got this very fast computer, was it just a case of scaling up what
was already there before or were there other purposes in mind now?

Well, people doing aeronautics and things which involved three dimensions, all it
requires them to do is increase the accuracy a little bit and the thing just scales up, you
know, tremendously, right. So, yes, a scale – people wanted more accurate results and
so they just scaled up their problems. But also people like the crystallographers, you
know, wanted to be able to get the results in a shorter time. Er … and the
meteorology people were always looking for, you know, more powerful machines as
well. The atomic energy also were looking for more powerful machines and of course
this showed eventually in the sales ‘cause one did at least go to Harwell.
How many sort of Atlases were you –? Yeah, how many Atlases were sort of thinking
you’d sell or, you know, would be built –?

I think to be honest the university never was involved with the commercial side of the
activity because in itself that was a full time job, because really the people who should
be talking commercially should already be involved in commercial processes
themselves, they should understand what the problems are, you know, the people in
the field are meeting and things. So, you know, er, apart from the fact that they – you
know, they wanted efficient means for recording data, efficiently for putting it in and
out and storing large archives on things like magnetic tapes and things, these very
general requirements, the university didn’t actually meet, you know, on – the Ferranti
commercial side took care of that themselves really and put the input to the manager
of the Atlas – you know, of the Atlas project. So he had the intake to us on the
commercial side.
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[24:20]

Could you, erm, could you give me a sort of overview of the process that Atlas came
into being? So from the sort of early days when you start building it to how it grows
up to a whole computer, could you describe that process for me please?
… Yes, well, various bits are constructed, some in parallel. You know, the timing is
obviously difficult to ensure but, you know, you start with the – you start with the
basic system really which is, er, you know, the heart of the machine really to get it
going. You start with something like the B section ‘cause that’s the simplest and you
need to get your instruction handling and so on organised. One important difference
in Atlas was that we felt we couldn’t distribute a clock properly through the machine
because of time delays down wires and things, so that the Atlas operated on an
asynchronous basis. That was another feature of Atlas, it was one of the first really
large asynchronously operated machines. So this required again different timing
techniques, you know, different techniques of the circuitry to be used. In terms of the
construction the things were laid out in time about how various sections were going to
be built. We had, er, tests set-ups built on small trolleys on which the techtronic
oscilloscope was also mounted, which we could move them around and the test set-up
would plug into a bay of electronics which had been produced. Now this might be the
bay with the main machine in, it might be the bay with the fixed store in, it might be
the bay with what’s called the tape coordinator, the organisation for that. It might be
the bay to deal with the random access memory or so on, right. So each bay had a
trolley ‘cause there were different people working on them, and these would do basic
tests, okay. So during construction these things were used to commission – to initially
commission the machine. Then of course you had to link various things together and
so the thing got more sophisticated. But when of course you’d linked the store of the
machine, you could put little programs in to generate signals at an appropriate
frequency to get things done. So you moved from getting bays of things working, so
the initial things aren’t – when the bays are delivered then you’ve got – you tried to
get as much of the bay tested as possible in a – in a computer type way. And you used
some circuits and switches and signals on some test hardware that had been produced
just for this job, and that was done for every bay, every different bay that was
produced. And then you moved – when the thing was in that state then you moved to
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linking the base together and operate it from small test programs and things which
were on the machine. Erm … there were standard procedures which had been used to
set up, for example, the currents in the core memory and all that sort of thing, and so
you needed to record those and keep them as a sort of check sheet so that if you’re
having problems with the memory of some sort then you could just quickly check that
everything conformed to what had previously been passed. Now I can recall one
occasion that the B memory started giving us problems, and it showed up as a very
funny thing. Erm … I think it was one of the crystallographers started getting
answers out of the accumulator which were – which were, er, you could get two sets
of answers consistently, you know, different answer but you could – but you couldn’t
tell which one was going to repeat, you know, very odd, very odd things. But we
cottoned onto a trouble which was in the B memory, and I mean it took us some time
to sort out because what had happened was that it turned out that some of the
electrolytic condensers in the amplifiers of the signal from these things were actually
faulty or going faulty and becoming resistive rather than capacitive so that the things
were actually lowering the gain on the amplifiers. And we just had to take all these
out and replace these electrolytics, so it was quite a – ‘cause there were twenty-five
amplifiers, so we sort of – we daren’t sort of just change ones on the particular one we
found, we changed them all, and we did some sort of tests to show whether there was
still a electrolytic capacitor or a different form, by trying to pulse a current in to them,
right. And this was a problem which we encountered which, you know, cost us a day
or two to actually sort – to really sort out.

[30:10]

Were there any other major problems you encountered along the way, during the
building process?

Well, there are always problems, you know, of a different nature. Some are
straightforward. One problem I’ll mention was quite interesting. We’d start – we’d
approved the design of the logic circuit and the power supplies, which you take
60,000 transistors and if they each only take ten milliamps, that’s 600 amps, right. So
the design of the power supply itself is not easy, right. And also we wanted to be able
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to switch – from the power itself we wanted to be able to switch the power to each of
the bays separately.

Right.

So there was a mechanical thing which you moved to actually switch them separately
but also, we wanted when the machine was working for the thing to also all come on
automatically. Now the initial experiments, you know, that were done were all done
with temporary power supplies but at some stage where we already had something
built by Ferranti, and they’d produced a lot of logic circuits, cards, right, the power
supply was produced. Now what we found was that – what we found was that certain
diodes in the logic circuits started blowing up, right, and these were the catching
diodes on the output signal, they kept blowing up. Now we couldn’t understand this
initially but what was happening was that – that what was happening was that as you
switched this power supply, they were switched through Mercury relays, and the
switching action caused the relay to – caused the Mercury to actually bobble and
move. And under certain circumstances when this did it, this power supply on one of
the [inaud] diodes reversed, and unfortunately the reverse caused the diodes to contact
the other way to – and of course because they were a power supply, just blew them
up. And so what this meant is we had to put a diode between these two in the current
carrying in this direction, so if that ever happened they couldn’t blow up. And so on
every board that had been produced we had to put an extra diode in every logic
circuit. So you see, that was a fairly – it was a simple thing but no one could have
foreseen it, and we didn’t see a way of ensuring that the power supply could be
guaranteed to fix it so, you know, with a lot of transistors we didn’t want to proceed
beyond the temporary point where we were with just a few boards running into
problems. So you can see that difficulties do arise all the time and of course some of
the boards were already pretty full with circuits, so finding the space to put in these
extra diodes on each logic circuit wasn’t all together too simple. So Ferranti were not
very pleased with that but, you know, it was part of the problem.

[33:30]
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Hmm. You’ve discussed in quite a bit of detail a lot of the innovations that are in
Atlas, one level store, for instance, but I was wondering where the original sort of
ideas for these innovations come from.

I mean in that case the idea is quite simple. You are aware that if you do any
programming that you have to arrange your information is in the random access
memory. Er, when you switch on the machine there’s nothing in the random access
memory and you have to get your information into the random access memory in the
easiest manner. That means you’d like it to be on a record already kept in the
machine, for example, on the hard disc store, this means it can transfer quickly into
the random access memory. There again, in order to make the random access
memory and the hard disc memory work efficiently, you need to work for a good time
in this memory before you require a transfer because that transfer’s slow, right. And
people then tried to optimised programs – then tried to optimise, you know, how can I
arrange that the right work is going to be available when I, you know, get it. And,
you know, of course you’ve got an access time, which is the rotation time of the drum
to take into account and, you know, every time you access you’ve got a potential half
access time to wait. So the average access time is sort of half the rotation time of the
drum. So there are people on the one hand wanting to program efficiency, there are –
there is the concern that you’ve got to have enough random access store that can do
this job, and it’s all taking time and programming effort. So if from the user point of
view he can think he’s got a much bigger store, then the user’s dream of having the
store as big as required is a bit nearer, right. And the process is taken care of as
accurately as possible, and as efficiently as possible, right. So those decisions are
taken out of the user’s hands, so this is essentially a user requirement, and you know
what it costs to actually do that by programming, because you find that Tony Brooker
had to try to program that facility for the user to make it more user friendly. Similarly
he tried – he programmed floating point as well, and he found out how slow that was,
hmm, do you see? So what I’m saying is, these developments are really user related.
Now the other interesting thing is that in the one level store you have to decide how
you’re going to create an empty space in the random access memory to put some
information in when you require it, ‘cause really you’d like at least one empty space
there to put this in. Now when I mean one empty space, things are transferred in a
certain size, right, which we call pages. Now in Atlas a page is 512 words, so you
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have to determine – so if you’ve transferred a page to this empty space, before you
can say the machine’s available in, you know, as before, you’ve got to get rid of a
block. So you have to determine how to get rid of a block of data in the memory.
Now this is done by something called – we call a learning program, which really has
to acquire statistics on the use of these, like how long is it since it was last used, you
know, in an instruction in the machine, you know, and so on. So this data – and it has
to acquire this on every block. You don’t want to acquire it, you know, at an
instruction rate, you want to acquire it ever so many instructions ‘cause otherwise it
becomes too comprehensive a job, you know, you want to – you only want to do it
every so often, so you only update the statistics every so often. So you have this
program which makes the decision of which block to take, okay. And so, you know –
and this is a learning program and that has to use statistics which again another
program acquires for it to use, hmm, on – you know, in order that it can make that
decision. So that’s quite an interesting development as well, you see, because it’s –
it’s another decision making activity which the machine is taking on evidence
acquired.
All these little operations going on, it’s fascinating.
Right, yeah, and it – it’s unlikely that a user could actually take that decision anyway
‘cause, you know, getting at that information and, you know, when you’ve got
something switching between, you know, one thing and another could be quite
difficult.

And yet the machine does it all automatically.

Right, yeah.

[39:30]
Something which has – you mentioned a little while ago that a lot of the time – well,
some of the time you’d have disagreements with software people at 2.00am in the
morning over which one of you wants to use the machine.
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Yeah.
I’m interested in the fact you’re working at 2.00am in the morning, that’s – what’s a
working day like?
Yeah. Well, the people who I lived next to at – you know, in my house didn’t believe
I worked at the university because, one, I didn’t have university holidays which they
thought of student holidays, which we never had anyway. But also I did work, you
know, shifts [laughs] overnight. Now you worked overnight in emergency conditions.
We worked overnight, for example, when they had fault on the B memory because
there was no service whilst that was on, right, so we had to get that fixed as soon as
possible. Similarly, when we were commissioning the machines there was, you
know, panic to get the machine commissioned, both from the hardware point of view
and the software point of view. So, you know, we had to do what we thought was
right and then the people would use the software and say, oh, maybe this thing’s not
quite as we thought it was and, you know, do you change it or don’t you, and so on.
So, you know, all those sort of discussions were going on. So during the
commissioning period people did often create work at night, and of course this was …
a good time to work ‘cause you were not being disturbed by other people wanting to
know, you know, to do different things, because if you booked the time then you
could bet most of it was available to you. Starting and stopping was always a bit
dicey but the rest of the time was clear.

What was a typical sort of working week like for you over the period of Atlas
development?
Well, I can’t say – I can’t say they were over the Atlas development ‘cause that’s too
long a period, ‘cause it takes a long time. But there were periods of panic, you know,
right, er … and these periods just related to progress in, you know, both hardware and
software and what could be achieved. And so, you know, if it was a software
problem, you know, it didn’t involve the hardware people too much. And if it was a
hardware problem it was a bit devastating for everybody ‘cause it might be stopping
the machine completely, you see, so that was – that was bad, so you had to put in
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extra efforts. I mean I would say spasmodically, okay, but we did put in the effort
when it was required.

[42:10]

What other duties did you have around the university while you were developing this
machine?

Well, on Atlas, er, on Atlas I would, in that period, I would still be senior lecturer
really, so we certainly had duties of lecturing, right. So you certainly had a lecture
course to run, which would be two lectures a week, hmm. And you might also have
the odd tutorial as well, right. Er … and the running of an electronics laboratory,
okay, so – which was the worst thing because that was the longest period ‘cause it was
– the laboratory tended to be from nine – from ten thirty till, you know, five o’clock,
sort of thing, so it was a huge gap out of a day but you could actually – if there was a
panic you could actually steal back for a moment, you know, and somebody else
would step in their shoes really to deal with the job. So, that’s the way it ran really.

What does running the electronics laboratory actually involve?
It depends on the laboratory, some – I mean the sort of first year laboratories are sort
of fairly routine, standard experiments, right, but the people are new and have not
done electronics before in most cases. And so it’s a matter of a lot of work initially to
get them started off and they don’t appreciate what points you’re trying to make and,
you know, each experiment is a hurdle to them and they don’t appreciate the points
you’re trying to get over in the experiment and so on. So there’s – you know, the
beginning of the day is the worst time. You know, if they appreciate and get into it –
and of course the start – the start of the year is the worst time as well, right, so – but it
does – I mean you’re going round. I mean there’ll be, you know, twenty-five groups
in the laboratory doing experiments, so it’s quite a lot of people and you’ll have –
you’ll have probably a couple of members of staff and perhaps the odd research
student to cope with that lot, you see. But it’s not – you know, it is answering their
queries and getting them to respond in a sensible way really. I mean you don’t want
to do the experiment for them is what I’m saying, right. You want to make sure
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you’re not doing that, right. So, you know, you’re putting ideas into their head or
interpreting the meaning of something in order to get them under way. But again,
then of course of that’s not all that you’re doing in that period because in general, at
the beginning of the period they’ll hand in last week’s report and you need to go
through fifty last week’s reports to give a mark to, and so on. So, you know, you have
– you have these activities to cater for.

How much does all this day to day stuff get in the way of actual research and
development?
… Well, it depends … it depends on the arrangement that you have really. I mean if
you have in the department some people who really enjoy working with students a lot,
who enjoy dealing with their problems, and sort of like doing the laboratory
supervision and lecturing work but are not frantically innovative of things, and so
their research, if you like, is – is not going very far. Then you have some people in
the department who can, as it were, take over that load and release other people for –
to concentrate on the research. But it is a matter of the head of department agreeing
with that sort of approach and trying to balance the department in that way because it
is difficult to promote people who are not writing papers or doing research, hmm.
But, you know, you can write papers on educational things and you can be doing, you
know, lectures in a television media format and this sort of thing. So there are
innovative things in a different sense that they could be doing but, you know,
achieving the right balance is the problem. There’s also no doubt that some research
people are absolute disasters at lecturing, right, so you have the reverse situation – so
the answer to that, there’s no preset formula. You do the best you can, you know, in
the circumstances that exist.

[48:40]
At this point you’re still within the electronic – so electro-technics department, yeah?
Electrical engineering now –

Right.
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In Atlas days and Dover Street, yes. It’s now a completely separate building, all
electrical engineering, machines are in the basement, high voltage, and lecture rooms
on the ground floor. More lecture rooms, vacuum technology, and some research
space on the second floor and all on the first floor, yeah, and there’s a – there were
basement, ground floor, first floor. Second floor was all the electronics labs and then
upstairs was the computer service with the one computer room which tended to be the
new computer development, hmm.
So computing is still – it doesn’t sound like it’s a huge part of this department yet
then. Or to put that in question format, how large a part of the electronics
department – sorry, electrical engineering department, was computing by say 1960?

Well, I would say it was about a third, right, it was about a third. Some people started
in the computer side but they decided that, you know, there were enough people vying
for, if you like, the positions in that, that they – and they were interested in the – they
had another interest and so they went into machinery, for example. This was Eric
Laithwaite, who did his initial MSc in computing but then moved to machinery. And
so there were other people who moved across. And then of course there was a servo
mechanisms thing which was initially involved in the synchronisation of the drum on
the Mark 1 machine, of the first machine, but after that the drums became
asynchronous, and so, er, they weren’t involved in that and went on with their own
activities. So there was a heavy side, and a servo mechanism side, and a vacuum
technology side, which – to be catered for, so to speak. So if you say those were two
thirds and the electronics and the computer side were one third. Er … I don’t think
there were any electronics people who weren’t working on something which had a
digital context, so to speak, and not necessarily immediately available for the
computer but it was digital in nature at that stage, yes.

[51:40]
Hmm. When did it start becoming –? When did you start talking about spinning off
computer science into its own separate department?
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The spin off occurred in 1964, so the computer science department was a department
in the university in 1964, and we took in our first students in October ‘65. But clearly
the discussion for producing a computer science department must have occurred at
least two years or so before 1964. And this spun out of the fact that now in getting
students to come in and do research, we were aware that they didn’t have sufficient
background, you know, in computer techniques as they were developing, to really
start in an appropriate place. And so we thought we need to be generating some of
these people ourselves and, er, I think other people were talking the same way but I
think we were the first computer science department in the UK. There was another
difference with our department, which – that the – we felt it was always a balanced
engineering/software activity, right. Other people have sort of complained that our
approach was very heavily engineering biased, which implied that it was mainly
engineering, to my mind, so to speak, but it was never like that at all.

Who were these other people then?

Well, at other universities, hmm.

What form did these criticisms take?

Well, in recruiting students and so on you found that, you know, in trying to recruit
students they’d have some comments from other places that ‘You don’t want to go to
Manchester ‘cause you had to do too much engineering,’ you know, you want to do
business computing, you see, now we’re concentrating only on business computing
and so on, right. So you got – you know, when other departments formed we started
getting these comments coming in about, you know, what did we say about this, so to
speak. Now what we said is that we felt our course was a balanced course, that it was
aimed at understanding at how to design computers from both points of view, hmm,
and therefore we needed to do engineering. Er, and in fact later on, a computer
engineering course itself, you know, came about.

How much sort of computer content was there in the engineering syllabus by this
point then?
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… Well, on the electronics side, I mean we lectured to physicists and we lectured to
electrical engineers I think in the third year but – and there were specialised courses
then in the third year on things like memory and things, which we talked about to
electrical engineers as well as the – anybody doing computer science, right. But, er
… you know, it was just – but I mean certainly in the sort of second year electronics
they did come across some digital electronics in electrical engineering as well.

Did computer science actually exist as a separate degree subject?
Oh, yes, that’s what I’m saying, it existed as a separate degree subject. Officially
from ‘64 there was such a department. The first intake was ‘65, so the first degrees
given, BSc in computer science, was ‘68 you see. So any degrees before that, MScs
and BScs, were in electrical engineering.

Right. Despite the fact they may have had a significant computing content?
Well, it was just that the computing content that – had obviously an engineering
content which was taken as engineering. It was interesting ‘cause, er, FC Williams
had to write a recommendation on my behalf to become a member of IEE, where he
had to say that I’d done sufficient engineering in the electronics area to actually be
able to qualify as that situation. And in fact our degree was accepted as an entry
degree for the Grad IE for students. So it was – we went through a qualification
procedure where they looked at the course to make sure there was sufficient
engineering content to qualify for that.
Can we take a short break at this –?

Certainly, yeah.

[End of Track 7]
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Track 8
And, yeah, we’re running. So Atlas, what was the reception of the machine like when
it first came online?
… I don’t think it was brilliant. Er … clearly we’d have liked to provide a more
efficient computer service, you know, when it did come online but that just required
time to bring it up to the – you know, the value which we wanted it to be. And, er, of
course the other difficulty was that once we’d built Atlas there were quite official
views at quite a high level which said that the whole country only needed one Atlas,
what was the point of making more, you see. And so to say that there was a lack of
enthusiasm, I think would have been to put it mildly, hmm. But of course amongst
those people who had real problems and amongst our users, there was quite a lot of
enthusiasm. So provided you could find your audience then, you know, it was good.
So I think we just had to be content with that. But this was an attitude, you know, that
we’d really grown up with from the start, so it wasn’t really anything different to us at
the time.

How did you feel after four years of working all those night shifts, building this thing,
to switch it on?
Oh, to actually – to actually, you know, achieve really close to what we’d set out to do
and to make it a machine which was capable of commercial operation as well as
scientific, you know, I thought was very good. Er, later as things developed, you
know, we could wish that the machine had been made of silicon to have a greater
temperature tolerance. And even later when ICL were considering making a
replacement for Atlas – you know, a replacement to the Atlas machines, then it was
disappointing that they chose to go ahead with a Canadian design of machine. But I
think even at that stage there was no feeling for the one level store system, which we
were told would never, ever be used again in an ICL machine. But I think from the
Ferranti/ICL point of view the fact that sales were so disappointing, you know, was a
big factor in them deciding to perhaps look elsewhere. Er … I always felt that both
London and Harwell were reasonably pleased with their use of Atlas machines,
however.
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[03:50]
Now the Atlas two, which was – only one was built, the case for that I think was
largely developed by a team at Ferranti who had been concerned with – mainly with
the Orion computer rather than Atlas. They themselves had not previously had
anything to do with Atlas, and of course they talked to Cambridge as well about
possible changes. And of course they dispensed with the one level store and were
hoping to improve the Atlas speed but by only a factor of about ten per cent, and I
don’t know whether they even achieved that to be honest, ‘cause there was only one
Atlas 2 which was made and went to Cambridge, and was used extensively for
graphical work I understand, though I’m not an expert on that at all.

Hmm. How else did the Atlas 2 differ then from your original design? Or, you know,
the Atlas 1 as it was then produced.
Well, I think they found that they didn’t want to make significant – they didn’t want
to make significant differences to it except to get rid of things which made it difficult
to expand the store. And so the differences they made were in the size of the memory
and in the buffer between the memory – they put a buffer between the memory and
the computer, I think in a tunnel diode store, which was particularly fast. Those are
the only differences that were made, I understand.

Did you ever find out how people at Cambridge felt about using a Manchester
computer design, after sort of being your rivals in that early period?
[laughs] Oh, they’ve always been extremely pleasant and gracious to me, so I assume
it must have been reasonably good.

Hmm. You mentioned that you were quite disappointed with how few Atlases were
being sold and that there was a sort of feeling that it wasn’t being supported on some
level there, and sort of talking about only needing one for the whole country. Can you
talk a bit more about that? It seems –
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Oh, there’s nothing. There’s honestly nothing more to say. That was the summary of
the feeling that we had at the time, that really the design of Atlas was excessive to the
point where, you know, a minimal number were needed. So the fact that there were
three/four in the country was more than adequate. Now if you have that at a top level,
the chances of making any more progress, you know, are fairly negligible.

[07:05]

Hmm. What sort of things did Atlas get used for? Well, what sort of things were the
Atlas used for once they were developed and built?
Well, I think you’re much better talking to Tony Brooker and things about that area
but there’s one particular activity that I was closely involved with, which involved
crystallographers. And, er … there’s a device called an x-ray goniometer which they
used to take measurements on the structure of crystals, which are then used to
determine the nature of the precise structure, so they bombard the crystal with x-rays,
note where all the reflected beams come from. So this requires moving the crystal in
three dimensions, and also moving a measuring circle as well to measure the
reflection results. This was made by a firm – the device was made by a firm called
Hilger and Watts, er, and a crystallographer at Manchester, Owen Mills, worked in the
chemistry department, was a keen user of our machines and obtained a grant from the
SRC to buy a goniometer with its x-ray generator and facilities as well but it clearly
had to be connected to something to make it operational. And the proposal which we
were interested in was to use it as a very sophisticated instrument, connected to Atlas,
where Atlas would timeshare its activities to take – make this operate. So you needed
to have servo mechanisms to control the position of the 3D circles and the
measurement device, and you needed to measure x-ray intensity and record that, and
you need to measure the position, so you needed to measure the position accurately of
these things. And, er, this work – a team with me at the university, at the computer
science department, undertook with Owen Mills to provide the interface to Atlas to
connect this machine to it. And this involved designing some of the measurement
equipment as well to convert it to digital form. And this was done quite successfully
and Owen Mills was very pleased with the result and, er, he also worked with an
American character, another crystallographer, called Bill Busing who came over for
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quite extensive periods to help with this work. And they were able to collect data on
the instrument and then convey it to the main machine for doing the calculations to
determine the precise structure. And in this connection they – you used to produce
stereo pictures as well, so you could actually look at the structure in a stereo format.
So all this was very interesting and seemed to be quite effectively done. Indeed, it led
to another project with the Hilger and Watts firm whose own equipment on a virtually
identical goniometer proved to be very unreliable, this was a special purpose built
instrument. And a few years later when small computers were becoming available, in
discussion with them I decided that this would be an economic way of setting up the
instrument and doing all the control and measurements and collecting the data of
using a small computer. Of course it wouldn’t be ideal for producing the result of the
structure because it wasn’t complicated enough, wasn’t comprehensive enough. So
the idea was to collect the data using a small computer and some of the equipment we
designed to interface with the goniometer. But as well for reliable – because they
were worried about reliability, we introduced an extra feature on the goniometer
which was to record an absolute position, the idea being that you could return every
hour or every period decided by program. You could return to this initial position and
start from that again to check the first few results that you’d taken. Having checked
the first few results, you could then be sure that the goniometer was still taking results
at the correct position, and had not lost its positional accuracy. And this was the
problem that Hilger and Watts had been experiencing with their own special purpose
instrument. It’s just interesting to say that they built, er, more than twenty of these
computer controlled instruments. The first six went abroad and SRC then started to
buy the device for people in this country because they had originally said that they
were no longer buying the special purpose instrument but they would – they now took
this on hand. And in fact it won the Queen’s award for technical innovation for
Hilger and Watts in 1968, so that was a very successful project.

Hmm.

[13:15]

But I should just say a word about how things turn out. There we go along from
disaster to success and what happens? One of the managers at Hilger and Watts
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moves to Ferranti. Ferranti make small computers, so with Ferranti they decide that
why don’t they put the Ferranti small computer into this instrument. At that stage we
introduced a two year plans for developing the instrument from the initial state in
which we’d left it. This they seemed to ignore and went ahead to design – to make
this change. I don’t think it ever came to fruition and Hilger and Watts in actual fact
went bankrupt I think, they lost their instrumentation business overall, so obviously
they went from bad to worse. So it just shows that, you know, you do something, it’s
successful, and then for personal reasons or, you know, for financial reasons or for
influence in various ways, the thing gets downgraded and lost. And even worse than
that, the firm themselves have made several other bad decisions for them to, you
know, lose all their other instrumentation as well, so difficult.

Working within the sort of academic side of computer development, were there any
particular tensions of working with commercial companies?
I think when you’re working with anybody there are good periods and difficult
periods. And when there’s a difficult period you need to talk face to face and come to
some sort of compromise, because obviously both sides have a point, hmm, and you
need to resolve them. You know, it’s no good walking away and describing the
situation as having broken the beautiful vase that we were creating together, hmm
[laughs].

Could you give me any examples?
… No, I don’t think I want to expand on that but I think you get the gist of what I’m
saying.
Hmm-hmm. So it’s more sort of important to have that ongoing relationship than
worrying about one project going wrong then?
… If you want to succeed then whatever you set out to do, you need to complete.
That’s my view, right. Erm, of course when you set out to do something, right, there
are initial setting conditions and conditions do change, and it’s likely that you might
come to a disagreement about how to proceed in a fairly serious manner at some
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point. Now in a sense, er, on MU5 we came to disagreement with ICL and the thing
started – you know, was taken to the lawyers, you know, between the university and
ICL. But I’m pleased to say that whilst we did incur quite a big bill, both of us with
the lawyers, that we managed to resolve it, you know, by sensible compromise, which
was important both to us and to ICL.

[17:20]
Hmm. When – obviously you’d worked with Ferranti for quite a long time from, you
know, the 1940s onwards. Was there any sort of change in the Ferranti culture when
Ferranti became part of ICL?

[Pause] I think as far as the university was concerned, er, ICL took over Ferranti, I
think, because they really needed to update their machinery for handling data. It was,
you know – and therefore that side of the activity did remain much the same, certainly
for us, right. But I’m sure perhaps there was more emphasis, let’s say, on the card
equipment side from Ferranti’s point of view, hmm. But it didn’t really – it didn’t
really show itself to us.

Could we talk a little bit more about the formation of computer science as its own
separate department? How was this development regarded by other people in the
university? Was it an easy transition from spinning off or were there any sort of
rivalries or anything else that came up in this?
… No, I think – I think Tom Kilburn basically made the case for this development.
From the university point of view the case was being made from a position of strength
in respect of finance because, you know, the computer section, so to speak, had
earned quite a lot of money and it had produced three computers to provide a
university computer service. It’s true that to provide those things money had also
been obtained from elsewhere but the computers had all come as part of the, you
know, inclusive operation. So that’s Mark 1, the Mercury and Atlas, whereas other
universities had not benefited from that sort of action or received, you know,
computers from government at that stage, so, er, that was a plus point. I suppose the
sticking point mainly was – was the computer work a science in its own right? Was it
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 216
C1379/11 Track 8

really a science? Erm, so there was a bit of argument I think about computer science
and computer engineering but you couldn’t go on the engineering route because of all
the software structure that it involved and of course the fact that it did have
implications across such a wide … subject area because, you know, it involved
physics and engineering and mathematics, so there were bits of all these things, you
know, in the teaching material that weren’t being covered elsewhere and were now of
importance to bring together as an entity so people could relate to it. Also the feeling
that over the years a certain number of PhDs and MScs had been given in electrical
engineering – you know, first in electro-technics and then in electrical engineering,
which were really entirely computer work. So if you like, from that point of view
there’s another strong argument that you’re already giving degrees which weren’t
indicative of the content, so it was a good reason for going from that direction. I think
in the first instance when we separate off from electrical engineering, one of the
reasons for separating off was electrical engineering itself wished to expand its
student intake and if we were expanding our student intake there was no room, right.
And so they wished to expand their intake and we wished to expand, erm, so there
was a definite reason to move from one building to another to provide us the space.
And there was encouragement from FC Williams who could see that, you know, the
computer really was an entity in itself and had – was going along a very specific route
and had done quite a lot of – you know, had achieved quite a lot. So I think overall
the net view in the university from people who mattered, like the vice chancellor
who’d received money for the university, who’d acquired a computer service, right,
and so on, who’d – who was dealing with people who did what they said, right, for the
fact that the university was, you know – and the library was gaining a thesis, right,
and so the fact that the senior people in the university were approving of the issue,
like they would be the head of physics and head of engineering and – and head of
electrical engineering from which it was departing so, you know, in a sense it was loss
to it, right, were all supportive. I think these were all very good reasons for the thing
being successful, and these were all internal reasons. There was no sense that the case
put said they’re doing it elsewhere.
So it’s also sort of internal organisation or –
Yes, absolutely, it was all – it was all done internally.
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Hmm. Was the head of electrical engineering at this point still Freddie Williams?

Yes, it was, yes.

[24:30]

So the new department was founded in 1964.
‘64, yeah.
Where do you fit into this? Are you still a lecturer or –?
See, I was senior lecturer at that stage. Er, I can’t describe – I was promoted to reader
but almost instantly to professor, which I became in ‘66. I became a professor of
computer engineering in ‘66 and the ICL professor of computer engineering in ‘67,
because ICL donated money in perpetuity for the chair, to the university on the basis
of our previous work for them.

Right.

Okay. So that was a very nice thing to get, you see.

How did that come about?

[pause]

Were ICL just sort of rewarding you for previous work or was there more of a
negotiation process beforehand or –?

When you cooperated with people there was always, you know, some sort of chat, it
might be at bar level [laughs] about what’s your contribution and my contribution.
And I’m sure Tom would be saying, you know, it would be nice if you gave a chair at
some time, right. I don’t think there’d be any pressure and I don’t think – and, you
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know, it would depend on the firm’s financial state at that time whether they felt in a
position to do anything. So I don’t think there was specific pressure or intent to do it
in a particular time because I’d be – I’d got a chair, it was just that in releasing that
chair then of course you released – you usually see money in the university whereas I
was then being paid externally and paid in perpetuity, you see. So it was a very nice
thing to get.
Did you have any sort of particular ICL related duties for having an ICL chair –?
No, there was no – there was no obligation placed, you know, on us except that it
became the ICL chair of computer engineering, and is still the ICL chair of computer
engineering, and Furber is the new man who replaced me when I left, you see.

[27:10]

What were your duties as a professor? One of those wide ranging questions there
[laughs].
Yes. Well, you’re a member of senate, which is all the professors, you know, in the
university. You’re a professor in the faculty of science, of which there are about fifty
professors, right. Er, there are discussion – there are faculty meetings basically every
month to which all professors are invite – you know, the faculty of science, all science
professors were invited to faculty meetings, and they would be discussing like
proposals for a new degree, do you understand? So our proposal in computer science
would have gone through that at a stage when I wasn’t a professor, do you
understand? All the, you know, degree results and all this sort of thing goes through
there. So there’s a whole set of things which, if you like, are fairly – I mean things
like results are a fairly straightforward procedure, right, except on particular problems
where people didn’t turn up for an exam or something, so there are always – there are
always difficulties, right, due to, you know – and there are always considerations of
why they didn’t turn up and all this sort of thing, and what the department wants to do
about it. But they have to agree through senate that this is a sensible proposal and
things, so there are all these things where you get an opportunity to put an oar in about
it, okay. There are clearly matters regarding the finance that comes to the faculty and
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it is distributed to the departments, thus finance which covers sort of annual running
costs for the – not particularly – I mean staff comes as a separate item, so – but annual
sort of recurrent costs are what you pay to get components and things, and what you
pay to get equipment, those are two different sources of funds, right. And so you just
you have to be careful to keep those separate. As a professor as well, somebody in the
department has to handle the finances, discuss them with the bursar and with, er, you
know, how they are distributed in the department and this sort of thing. Now
generally speaking – generally speaking that’s done by the head of department, the
sort of setting out of the plan is done by the head of department. Implementing the
plan was essentially done by me … and that included looking after the funds that we’d
earned as well, which didn’t come – you know, which were – belonged to the
department in a sense.

[30:15]

What was the funding situation like by this point? Were you still earning money off
the computing service side of it as well?

When the department separated and staff were transferred from electrical engineering
they were given the option, you see, of staying in electrical engineering or transferring
to computer science. Now some people went to electrical – went to computer science
and other people, and I mention one man again, Hoffman, stopped in electrical
engineering, okay, he decided to stop there and he later became a professor in
electrical engineering. Er, but in setting up the department Tom had agreed with the
vice chancellor that a number of the staff would be paid from earnings, so that the
vice chancellor didn’t have to find the salaries of all the staff that would be in
computer science from the start. Now I think … because of that fact it did become
evident that we’d started off probably in a bigger way than others had imagined, right,
and so they were quite surprised how rapidly computer science expanded, but it was
never expressed as a regret, just really as a surprise. But I think that was the real
reason for it, that funds were provided initially for staff people so we could have extra
– you know, we could have an adequate staff. And later these were taken over in time
gradually, okay, onto the UGC payroll.
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How did you feel about getting a share?

Well, I felt very pleased because I had applied for some chairs previously, elsewhere,
and I had been unsuccessful in obtaining a chair. So, er, I was quite pleased to get a
chair and, you know, if you look at the average age of people getting chairs, you
know, I’d still done it relatively young, so it was really a pleasing position to be in.

Hmm. Where else had you applied?

Pardon?

Where else had you applied?
I’d applied to Nottingham and I’d applied to Southampton, were two places I think.
The interesting thing I think is they were on successive days, so I really opted myself
out of the Nottingham chair because they wanted an immediate answer whether you
would accept it. I think they were aware Southampton was the next day and that other
people were going there, so I said I wasn’t prepared to give them an immediate
answer, that I needed to talk in out with my family. So I think that crossed me out of
the consideration really there.

[33:50]

What did your family consist of by this point? Or who did your family consist of is
probably [laughs]?
This is 1966. Er … well, of course my mother and father were still alive but I had – I
had a at that stage, er, three children. They born in ‘54, ‘56 and ‘58, so you can tell
what age they were when I became a professor.

What were their names?

Oh, the eldest was Anne, the eldest boy was Huw, but a Welsh Huw, H-u-w, and the
youngest was Keith. And they were all not much trouble, they were very good – very
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good children, yeah, and they’ve all grown up and got families, so I know have seven
grandchildren and two great grandchildren [laughs]. Er … Anne is a teacher in the
US, Huw is a research manager in gas and oil work, and Keith is a manager of a
factory which has something to do with carbon black and the, er, production of a
particular high quality tarmac as well, hmm. But as I say, one’s in America, one’s in
Henley on Thames and the other is in Chester, so we’re a bit scattered.

[laughs] Do you think becoming a father changed your outlook at all?
… Well, I’d like to think I was a good father. The middle child, Huw, for example, at
primary school was not as bright as his sister had been or his younger brother. So in
the class he used to get comments about his sister and they’d say, ‘And you’re not as
good as your younger brother at maths,’ or whatever it was, and so at the age ten he
was getting quite upset. And we had some friends who had children in a boarding
school and we’d been there for sports day and this sort of thing previously, and Huw
had seemed to enjoy it. It was a Quaker school which sort of sponsored self discipline
very strongly and, er, we said to him, would he like to go with his friends to this
school, and in fact that’s what happened at age ten. He went there, so he never took
the Eleven Plus or really had a situation where he was compared any more. But I
mean he got nine GCEs, he took his degree at Manchester, and he took an MSc at
Imperial and he’s never looked back since. So, you know, done very well.

What did you actually want for your children when they were growing up?
I think the main thing was to be happy in what they were doing and, you know, I’ve
now three other children and I want the same thing for them really. Er, you know, I
think I’ve done a job which I was very happy doing. Times have changed, I don’t
know that I’d be as happy in the present situation but faced with the original
circumstances I would be very happy to repeat the thing again, hmm.

Where were you actually living at this point?
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Er, at that stage I was living in Chorlton, right. I started living in Chorlton in –
Chorlton-cum-Hardy, music hall jokes, in sort of 1952 about, right, and later moved in
the Atlas era to a place – a place in Gatley which was in fact quite near the airport.
What was Chorlton like in 1952? I ask as somebody who lives there now, so –
Well, I can’t answer that question ‘cause I don’t live there now [both laugh], so I can’t
compare it and I can’t say except to go to one of the tailor shops there, which I
continued to use for some time because they had clothes which fitted me off the peg,
right. I haven’t been back that often since.

So even without the comparison, you know, what sort of neighbourhood was it in the
‘50s?

Well, yeah, I mean it was quite pleasant for a young family. We had, you know, a
reasonable garden, an acceptable house, and it wasn’t too far from the shops. And the
shops were, you know, quite reasonable and, er, so we found it quite pleasant there.
There was a rugby club in the neighbourhood and the school was also quite a good
school, which was in walking distance. So it was – we found it very convenient.

[40:20]

Why did you move to Gatley?
Well, we were in a – we were in a semi-detached house, three bedroom, in Chorlton
and of course we had three children and they were getting bigger. Er, I’d started
earning a bit more money and we were looking for basically a larger house to live in,
and I looked in a lot of places. We decided that Wilmslow and Audley Edge were just
too far out, right. We wanted there to be access to good schools like Manchester
Grammar and Manchester High, where in fact my elder daughter and my younger son
went, and, er, we decided Gatley was quite convenient. There was a local train
service either into Manchester or you could get to Wilmslow to catch the London
train. It was near to the airport and of course I was travelling quite a bit in those days,
and going down to Plessey, going down to London to give lectures and things like
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that. So it was useful to have a – you know, a good connection to London transport.
So, yes, so Gatley was quite pleasant really.

What sort of pastimes did you have outside work at this point?
… I think at that time it was work and the family although we did enjoy going on
continental holidays, okay, and planning for those. Also, all the children were
interested in swimming, so we used to go regularly swimming to the baths at
Wythenshawe. So I’d say activities, you know, in those later years with the children
were fairly restricted. When Huw was at the university, when he went to the
university which was obviously quite a bit later on, he got interested in sub-aqua
diving and things, so quite often I had remnants of the sub-aqua club at home. And
they always had some work to do on their equipment, which was done in my garage.
What sort of time period was this, the 1970s then or …?
… Yes, this would be – Huw got his BSc in July ‘77 at Manchester, so it would be
those three years really, ‘75, ‘76, ‘77.

You mentioned that you were doing a lot of travelling for work purposes.

Yeah.

On what sort of trips would these have typically been?
Well, I mean the trips – I’ve mentioned already really in relation to Atlas because I
was going down to see STC to look at the – to talk about head chains. I was going
down to Plessey, okay. I had, you know, odd papers and things to present at the IEE.
We were working with Hilger and Watts on the x-ray goniometer. I was working
with another firm on a device called the Biomark which was a sort of, er, thing to
reduce noise as transience occurred from other activity, you just wanted to look at
work from the transient that you put in. And, er … so there were quite a few trips to
London and then down to Plessey on the south coast and to STC somewhere in the
midlands. So, yes, so this sort of activity really.
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It looks like it was keeping you very, very busy.
Yes, I mean Atlas time was an exceedingly busy time really in the ‘60s. I think the
other thing in the ‘60s – I talked about my family all arriving in the late ‘50s, late on
in the ‘50s. In the ‘60s really as I was very busy on Atlas my dad died quite suddenly,
he died at work. Well, he died in harness really, he was still working but had been
taken ill and died in hospital, but that was quite a shock to me and – but I was so
incredibly busy really that, er – and, you know, my mother coped very well really
with the situation, although, you know, various circumstances arose where money was
a bit tight and one thing and another like that so – but, you know – and we managed to
resolve those difficulties.

[45:55]

Oh, one other place that I travelled to, by the way, on the Atlas was that when we
were working with Mercury we didn’t really have a lot of experience with tape
operation, magnetic tape operation or tape decks, and when we came to design the
Atlas and now there was pressure on how do we adapt it for business use and things
we definitely need tape decks, we need a lot working at once and so on. These
comments came from Ferranti and we said, well, what tape decks would you suggest
we use? And they came up and they said, well, we’re using the TM2 for Orion but
we’re just buying the mechanical tape deck with the heads and we’re doing all the
electronics ourselves, and we’ve subcontracted that to Edinburgh. Well, when it came
to design our electronics to operate the tape decks, what we found was that not only
did we have to design the arrangement for Atlas to control the tape decks but that the
tape decks, recording things, had not been done either ‘cause there was other work
going on at Edinburgh and they’d not managed to do it all, and there was going to be a
very significant delay. So two people, a character called Dave Aspinall and myself,
went up to Edinburgh for a week to design some critical circuits that were required
and fit them into the things. So we went up for the whole week and we sort of turned
up at eight o’clock in the morning and worked, you know, pretty late hours to get the
work done.
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Oh, is this at the university or –?

No, it was at Ferranti.

In Edinburgh?

Yes.

Right. Talking of Edinburgh here, there was something that came up a little while
ago which I’d meant to ask about but I completely forgot, was this business of lease
lines to external sites, Atlas?

Yes.
So Jodrell Bank, Edinburgh and … Nottingham?

Yes.

[laughs] I was just wondering what was the sort of relationship like between people
on the central Atlas site and the people at the outlying sub-sites?
Well, in general you knew these things – we were supposed to get access. I mean
they were just like other equipments from the computer operator point of view, so you
just had to know that these things were coming in at a certain time, okay. And as I
said to you, Nottingham and the people at the university seemed to arrange things to
nicely work out and make the case that they needed more, right, and therefore needed
a machine of their own. With Edinburgh we seemed to have … a more difficult
situation. The people, you know, probably didn’t seem to get on with one another
and, er, I mean it could be that they didn’t understand one another in the sense that the
Scottish accent can be quite difficult but I don’t know whether that’s a real reason
[both laugh]. But for some reason, silly occurrences used to occur which stopped the
work proceeding as efficiently as it should, and for that reason the Edinburgh case
said, you know, this thing is not working well enough for us, therefore we need a
computer of our own. But as I say, those are two contrasting answers to the situation.
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The Jodrell position always seemed to be reasonably, you know, content, which was
in-house. If there was a problem they just rang up.

[50:00]
Hmm. So it was just sort of input, output equipment at places like Jodrell and –?

Yes, yes.

Right. Did you visit any of the other installed Atlas sites as well?
I think I might have been to each place about once but not in the early days. Er … I
didn’t really see – you know, the thing were entirely then user oriented and we did see
people, you know, who used these machines, so we did – said some comments about
the thing but there didn’t seem to be a pressing reason to find out anything, you know,
from – I mean also Tom Kilburn and people did meet people like, you know, the
director at Harwell and the director at London at various other meetings so you
always got, you know, feedback about what the situation was anyway. So I
particularly didn’t feel the need to sort of go regularly for any reason to these places.
Hmm. So Atlas is up and running when – some [inaud] by ‘62 and from that point on
what happened?
Well, the computing service was improved, item one. Er … for various reasons an
arrangement had to be reached with Ferranti about how the twenty-four hour day was
going to be used, all right. And what happened was that Ferranti took over the night
shift on Atlas for the use for them and their clients for the use of Atlas, okay. So they
had a user team who used the Atlas for the night shift. For the day the thing was run
by the university. So that was a division of – I mean I think the – I mean in that way I
think the machine remained the Ferranti machine but the – so we didn’t actually pay
any money for the Ferranti machine or in a sense have it given to us, which had
happened previously, right. Er … so this arrangement was a sort of sensible
arrangement from a financial point of view and the university got the benefit of a
complete daylight computer service, so – and that worked out really quite well. So
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the computer service slowly improved and then it was used on a regular basis by two
teams of people, one university people, one Ferranti people, and that seemed to work
quite well until – I think until about 1970 when I think then replacement machines
were received from the computer board.

Sorry, the computer board?
The computer board was formed at some stage, I can’t remember the timing of it but it
would certainly be the sort of end of Mercury time, er, because certainly the Flowers
report, who I think was the chairman of the computer board, reported the use – the
successful use of Mercuries to provide the majority of university computing but was
then indicating replacements of these computers by the KDF9, okay. So, er … and in
fact that was their job, was to make sure that the universities in the country were
properly provided with facilities. And they had of course a few more wide purpose
facilities. Manchester was a general purpose facility and London was a more general
purpose facility, where other people could link in whereas some universities just had a
computer on their – for their own use. But these centres, as it were, provided a wider
computing capability.

[54:30]
What was the patent situation on Atlas? There’s obviously a lot of innovative things
in there.

Yeah, the one level store was patented but of course it never really got accepted as a
useful tool for some time. And in fact the manager at ICL, Peter Hall, told us they
would never use it again, and from an NRDC point of view when the patent ran – the
first patent ran out they said do you want to do anything about it, and we said, well,
looks as if it might be coming in again, we think you should exploit – you know,
patent it again and exploit it as well as you can. They certainly sold it in a job lot of
patents, which was a technique they had for dispersing patents to people, to IBM, and
so IBM had the patent rights in the US for use of that patent. And the only people
who actually infringed the patent were ICL, who again, you know, their patent
department decided to challenge it and then there were arguments between three
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parties, the – ICL, ourselves and NRDC, who held the patents on our behalf. ICL
would go to NRDC and put a story, and ICL would come to us and say they’ve put
this reasonable story, do you think it’s reasonable? And we’d say no, talk to them for
a day or two, send them back reinforced, and this process went on for – I mean it
seemed years, probably about two years, sort of once every three months sort of thing.
And in the end ICL settled out of court for an amount of – for a payment to NRDC, it
was 160,000 pounds and half that amount came to the university, and it didn’t come
till 1981. Tom Kilburn had just retired and so it actually came to me, right. Er … so,
you know, that shows how long it took actually for money to get generated from that
patent, which has taken – those were the three patents, they were taken out in 1958 I
believe, right, ‘58, ‘59, certainly, right.

[57:35]
It’s a long time, that’s what, nearly thirteen years [ph].

A long time, yeah, right.
Or twenty year, that’s ….

Yeah.

What were the objections to single level store?
The objections was that the technique we’d used, it was difficult to expand the store,
the RAM. Bear in mind that the original committee had said they wanted to see a
bigger RAM and therefore because we had to have a set of registers which stored the
inf – stored the address of the critical information that was in the RAM, because you
had to remember what was in the RAM out of the much larger disc. Because of that,
if you increased – if you increased the size of the memory you had to increase the
number of those, which required, you know, extra cost, extra space. Of course you
could have increased the block size, so you could have – you know, you could have –
that wouldn’t have required any expansion. So there were some things that could
have been done fairly simply but I don’t think people were prepared to pursue that
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initiative, do you understand? They weren’t prepared to find out whether it was good
enough to do that or not, okay. You could have had a system where not all the blocks
in the RAM were actually, you know, were identified, for example. You could leave
some unidentified to the main store and so leave part of it as available. So there were
a number of other options which people could have accepted but they all required
work to prove that they were satisfactory, and there was nobody prepared really to put
– prepared to put that work in at the time. And the cost looked, you know – but of
course as costs of equipment and the availability of many more transistors on the chip
have, you know, become available then that sort of cost goes out of the question.
And, you know, now memory is available at unbelievable levels if you think back to
what the sizes were in the days I’m talking about.

Hmm. When did you start thinking about the next computer that was going to follow
Atlas?
Well, bear in mind that in 1965 we took in our first undergraduates. I can’t remember
the precise total but it was something like twenty-five or twenty-eight, something like
that, and this gradually increased over the years, right, so we had a responsibility to
teach. Er … we also had to move out of electrical engineering, so whatever exist –
you know, we had there had to move into another building, which meant moving back
to Coupland Street, and we had to get that place set up to provide, for example, some
air conditioning for a computer, air conditioning room, a space to put the rotating
machines which wouldn’t – you know, which wouldn’t transmit the sound into, you
know, occupied areas and things like that. So there was quite a bit of work to actually
do to achieve the move, but our first students did come into that new building, right,
and so it was done pretty rapidly.

[1:01:40]
Some of the computer accommodation and the alternator were – probably took a bit
longer than that but, er … really as soon as we established we started to think that it
might be a good idea, so it was, you know, quite a number of years on now since we
thought about Atlas, to think about another machine. And the technology was already
moving from our immediate point – you know, creating logic circuits. A number of
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logic circuits had happened by other people in integrated circuit form, and a number
of these we were weren’t happy with the logic circuits and things, and we didn’t think
they were adequate for our purposes and things like that. So we were already
commenting on – thinking about comments on things that existed and things, which
we weren’t happy to use. Er, so that process was going on, and of course there was
pressure from electrical engineering to get rid of the computing service on the top
floor. So it wasn’t only computer science that wanted [inaud] so a case was being at
the same time to have a new computer building produced, so – now to enter in that
you’ve got to talk to architects. There was a university plan for expansion which
included a particular – a building in a particular place but, you know, due to the
planners it had to have a walkway through the centre of it because things were going
to move about at a first floor level on Oxford Road, right. That plan has in fact now
disintegrated completely because the original plan, Oxford Road itself was going to
shut and the roads on each side of that roads were going to take the traffic, but of
course that never happened. And so the walkway on the first floor has virtually
disintegrated really but of course they decided that was going to be the computer
building that had the walk – that had this first floor access through it and of course not
only did it cost us a difficulty in arranging movement in the building, ‘cause it was
going through the centre, it also, you know, acquired a cost which we weren’t
responsible for, to do something that we weren’t responsible for either, so we felt
aggrieved in two ways really. So there was this meeting with the architects about – so
we had to have those as well about the new building for computer service and science.
Nevertheless, in about 1968, you know, talks started to occur about possible plans for
a new machine. So we were in this other building then, established and, er … and a
grant was applied for to the SRC to help us initiate this work. And part of this grant
was of course to get a computer to help us do the job ‘cause I mean now in order to do
the work you really needed a computer to do, for example, simulation of the design, to
help produce printed circuit boards and all this sort of thing, so you needed a
computer to help you out. So part of the application was for a self contained
computer which would initially help us with the design and then be incorporated
perhaps in the design of the thing we were doing, let’s say to do things like handle the
input, output equipment, hmm, to isolate – you know, to isolate that from the more
powerful machine. So there were some initial thoughts on that score and a grant was
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applied for from the SRC. I think I remember the figure was 635,000 we got on this
grant.

[1:06:00]

And then of course there were regular visits from an SRC committee, which was an
SRC secretary plus some members from other places, to come and see the work that
was going on, to see how it was progressing and so on.

How does one deal with an SRC committee visit?
Well, I mean let’s put it this way. Your grant is dependent on its continuation, on the
visit of that committee, so you make sure that they are well satisfied with the work
going on. I mean there’s only one answer to that question, right. So, yes, so you
intend to keep that committee sweet and so you do put yourself out, you know, to
quite an extent to achieve that.

So aside from this extra little computer on the side, what other sort of ideas did you
have for the next machine?

Well, I only talked to you about one idea which was in our mind at that time, okay.
Er … bear in mind that we’d done a number of things in Atlas. Some of these things
we felt were really good for the user, er … some of the things that we did, for
example, the large number of B registers, proved not to be as useful as we expected. I
think the idea of having the B fixed – you know, a B fixed point arithmetic with
modification turned out to be quite good but having a large number of other registers,
whilst we thought this would be useful, in fact to the designers of things like
autocodes which translate something simple from the user point of view, so you can
define its problems simply into machine code, turned out to be not as useful because
there were either not – you know, there was never any number of these extra registers
that they wanted. It was always a number – you know, they wanted an infinite
number like the – as the designer, there they wanted a very large number. So the
things like the large number of B registers turned out to be not a good thing from the,
you know, automatic language, autocode languages point of view, and so we were
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conscious that perhaps we shouldn’t repeat that again and that perhaps we should
make the machine design, er, more suitable for obeying the sort of instructions you
wanted in the autocode systems, right, so to make that translation very efficient.

So more orientating it towards programming higher level languages?

Right, okay. So the emphasis that was in our mind at that time, where clearly we now
had to be talking in great detail to high level language people, right, about how should
the structure of the machine be made to fit in with their requirements, okay. And that
is the principle, you know, that is the principle argument for making another machine
but together with the fact that more speed is required. Because again, you find from
user experience that they can expand into the – they expand into the size of memory
and the speed provided very rapidly. I mean within, you know, a short time of the
machine being prepared, you know, you find that people are now using it in a sense
more widely.
Hmm. We’ve got about ten minutes left on this card.

Yes.

I think that seems a fairly good place to stop, so end of Atlas, start of MU5, what do
you think?
Well, I think we’ve actually reached that point. I think I would rather not sort of
embark on – yeah, MU5 is another story, right, so I would rather not start to embark
on that at this instant really. So if there’s anything else you want to do, you know,
I’m happy to think about it [laughs].

[1:10:55]

I had a quick follow up, two quick follow up questions, about things you mentioned
today actually, both of them chair related. The first is when you were talking about
Tom Kilburn having had, you referred to as bar level discussions with ICL at assorted
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points over the years, I was just wondering if you could expand a little bit on bar level
and what did you mean by that.
Well, what I mean is casual, where you’re actually meeting to have a drink but, you
know, there’s something on your mind at the time and you say, look, I don’t really
want to expand on it, I’ll just put it – I’ll just convey this fact to you and you can, you
know – and I’m not wanting an answer instantly but just dwell on it and think about it,
and do you think it’s a reasonable request or whatever? You know, if it’s a request,
do you think it’s reasonable? I mean it’s that sort of – it’s that sort of occasion really.
I mean there were a number of these instances when various things happened, you
know, when you got – you know, say in the first Plessey store delivered and
operational and things like, you know, for putting into Atlas, and things like that.
And, you know, when the American drum arrived and things like that you’d go – you
know, we’ll celebrate, you know, starting a new – we used to go across to the pub and
have a drink, you see, so that used to be the sort of thing when – and of course there’d
be sort of Ferranti/ICL people working with you and so – but on occasions you might
bring it up, say after a progress meeting, when you were, you know – when you’d –
there was an opportunity to discuss. But I think these sort of things are best brought
up face to face with people, you know. Er, it’s not an item of contention, it’s an item
of, you know, do you think this is reasonable and, you know, would it be worth us
going down, this line sort of thing.

How important do you think these sort of casual meetings are to the way you go about
your work?
Well, I think it’s – I think it is quite important really ‘cause, er … it ensures really that
you’ve got a good relationship going. ‘Cause if you’re – if you’re in contention with
somebody you’re not, as it were, going to ask them to consider doing something you
are not sure about, hmm, or where you’re sort of asking a favour, but you’re not really
pushing it, you’re just saying don’t you think there’s a basis for considering this sort
of thing. So you have to have a good relationship and I think the odd drink, you
know, I’m not saying you do it every day, but the odd drink, you know, and a casual
meeting like that is quite a useful – you know, it might happen at a Christmas party or
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a celebration of a PhD or an MSc or something, you know, that sort of – or the arrival
of a bit of equipment, that sort of thing really.

[1:14:00]

The other question I had was about your chair, and this is chair of computer
engineering. I was just wondering what were the specific duties required of a chair of
computer engineering?

Well, in a sense I was responsible for the computer engineering course, right. So
that’s the course I was referring to really when I was talking about earlier about
getting it accepted by the IEE. So we had to make a case where, you know, all the
lecturers’ CVs and all that were put forward in a case to the IEE and considered for
accreditation. Er, you are responsible for an intake, which is going to take this
particular course, you know, so there’s a whole – there’s a distinct intake which are
taking computer engineering. You might allow movement both ways, between
computer science and computer engineering, right, but, you know, initially at the start
you’re taking people in onto a specific course. Er … and so, you know, you have to
discuss – you know, as things develop rapidly you have to discuss changes in the
course that are taking place which are specific to the engineering side, like all the
development on the integrated circuit work, for example. Now again, I worked
closely with electrical engineering and they’d done an experiment on the accurate
control of a laser cutting device. And you could actually use this for – you could
actually use this for, for example, making interconnections on an integrated circuit
and things, right. And so where things like gator rays, general purpose gator rays,
came into being you had to make sure that these sort of things were covered
adequately in your courses and things to give options to the students, right. Moves
into, you know, simulation and computer aided design and all this sort of thing were
things that, you know, the course was changing to accumulate these different
techniques of testing and manufacturing, for example, hmm. So it’s quite a
responsibility and of course, you know, you’ll not only have undergraduate students,
then you have postgraduate students. And in fact from some of the earnings which
had come to me as an individual, I actually made a prize to the university for the best
computer engineering student in the year, okay, so, er … in perpetuity. So I gave a
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capital sum of money, to discuss that with the bursar to make sure that he could cope
with this sort of thing [both laugh]. So, you know, you’re responsible for maintaining
the health of the department and of course for appointing the people to posts which
are specifically computer engineering.
One other last question about the engineering part of this. Obviously the work you’re
doing, it’s electrical engineering on, you know, a computer basis.

Yes.
Did the split between –? Sorry, when computer science split off from electrical
engineering did you sort of lose any skills there or did you keep your links up or take
them with you or …?

Oh, no, we lost skills. No, Peter Hoffman was a definite skill that we lost in him
stopping into electrical engineering, but he felt he was not interested in computing
itself. He was more interested in the devices which might be used in computers but he
was interested much more in the devices and making them, and in – you know, and so
he was the man who was responsible for this laser – for this control laser cutting
operation, so we maintained in very good contact.

[1:18:20]

And in fact another thing I should mention is that, er, in conjunction with our work
together we put in a case – he and I put in a case for a new building to be built, which
was called the IT building, which is built at the back of the computer science building,
which is about a quarter of the computer building’s size, you know, for the usable
area, but in fact cost about the same amount of money as the computer building, when
it was actually built, cost. Now that building was opened by Princess Anne in 1988,
right, so it was built prior to that, now – so the case for getting that building was made
by Peter Hoffman and myself and this was really on the basis of developing both
electrical engineering skills and computer skills, and taking in extra students, so – and
in fact we obtained that – we obtained that grant.
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Are there any particular concerns? You mentioned meetings with architects a little
while ago when you were designing the computer building, and what about particular
concerns with building a building for study of computing, the development of
computers?
Well, I mean at that stage – at that stage in designing there was worry about
interference from traffic going along the roads from things like ignition which makes,
you know, things like sparks and things, right. There was, er, there was a concern
about the right environment for the computer because they all had to be air
conditioned, so there was – you know, there was air conditioning for the computer
rooms. You needed some air conditioning in say the experimental areas of research
that you were, you know, making – that you were using for computing. There was a
different sort of air conditioning in the things like the printed circuit area where you
had, you know, fumes of different sorts from the materials you were etching and
things like that. So there was a sort of different set of requirements for that. Erm, we
wanted to make things so we needed rack – I mean we needed to have racks and
chassis and things built to house the printed circuits and things and so we needed a
mechanical workshop, right. If we were going to produce better things than we’d
produced in the past, for example, if we were going to paint them so they actually
looked pleasing as well as functional, then we needed perhaps a paint spraying
facility. So, you know, there were a whole host of things which were actually
provided in the new building to accommodate all these requirements. And of course
the whole building – in the end they turned out to air condition the whole building, so
all the lecture theatres, you know, all the lecture theatres, all the labs, everything was
in fact air conditioned. But the computer rooms, there were still computer rooms
which were particularly well air conditioned to accommodate the power that was
dissipating in them, you see. The interesting thing about – the interesting thing about
designing a building is that you find that nobody seems to have learnt from the last
lecture theatres that they built, right. And you seem to have to start from absolute
scratch again, whereas you’d have thought that, you know, it was – you should be
honing, you know, an up to date lecture theatre state, you know, so you get the best
from all sorts of questions which have been answered over a period of years. But, you
know, they seem to go into a state where you’re going to make all the same mistakes
again. So I think that was a bit disappointing, the lecture theatre design, ‘cause it
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turned out to be, you know, absolutely normal lecture theatres as far as I was
concerned.

Right. I think we are running out of time on this.

Okay.

So that seems a good point to stop.

Right.

[End of Track 8]
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Track 9

Right. This is interview with Dai Edwards on 23 April 2010. Dai, in our last
interview we talked quite a lot about Atlas and I was wondering if today you could
briefly sum up what you think you’d achieved doing the Atlas project.

Well, the Atlas project was a very significant step for the university because of the
scale of the machine. And of course at the time we were proposing to do it even quite
senior people said, why were we building such a huge machine because the country
probably didn’t need more than one Atlas. And unfortunately this sort of aspect
appears in a number of the machines that were sold, erm, which is essentially three
basic Atlas and an Atlas 2 which was a – you know, some modification. But I still
felt that it was a very exciting machine, a machine which had a lot of differences from
what had gone on previously, and this included both technical, you know, engineering
developments as well as software. I mean on the software side it was a very
comprehensive operating system that we eventually ended up with, with, you know,
things like job scheduling and, er, filing, you know, data wells and this sort of thing.
So that, er … it was a shame really, I felt that, if you like, considering the next step
from Atlas, from ICL point of view, that there were very little thought given to a
development of Atlas. And in particular the managing director of the West Gorton
factory at the time had told Tom Kilburn and myself that they would never, ever use
virtual memory again. Now this, if you like, this was a consequence of the cost of
technology at that time and the capability which came later, and the reduction in the
cost of equipment, made this very usable – user desirable facility more available. And
indeed ICL did use it, and in fact they infringed some of the patents that we had out,
so there was a legal wrangle about receiving payment for that, which in the end we
did. But I feel it was a great shame that with the advent of the use of silicon, which if
you like from a temperature point of view was more reliable than the germanium and
operated over a much better temperature range, that a version of Atlas in terms of, you
know, a silicon improvement was not really considered. But of course that’s with
hindsight and, you know, at the time it did revolve about the general atmosphere that
was around about computing and I feel that, you know, at that date even when Atlas
had been used for a long time, it was still just coming to the end of its career if you
like, even then the approach to using computers and using digital computers wasn’t
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really terribly favourable, you know. Right from early days there was quite a
significant opposition, if you like, to the development of computers, why did you need
to go this far, if you like. And so there was never really strong support for whatever
the university team decided to do.

[04:30]

And of course in terms of industrial commitment by people who were making
machines, people in the UK looked at the USA for, if you like, creating a larger
market. But of course, er, you know, IBM and other people, Remington Rand and
CDC were dominant sort of computer people in the field and, you know, they
regarded the USA as their territory, so the likelihood of being able to sell machines
over there was always pretty restricted. So we were very disappointed, I feel, at the
numbers of Atlas that were sold, nevertheless we did feel that it was a very
worthwhile activity. And I think in terms of usage it proved an incredibly valuable
machine and we did receive very favourable comments from other firms, you know,
other people involved in the States about the machine in general.

Hmm. Could you briefly sum up the technical improvements in Atlas?

I think there are two aspects. I mean we were able to use and pursue techniques that
were at the forefront of technology at the time, and it was a completely parallel
computer so it was extensive from that point of view and likely to give high
performance. But of course when you’re doing things at the front of the field then
things are expensive. It’s only when you get down to make things in quantity that of
course discounts, you know, can be sensible. So the technical improvements from the
engineering point of view I think were quite clear. The speed of operation is one
thing. There were obviously compromises that had to be made in the amount of store
that could be provided which were, you know, cost limited to get speed. Users clearly
required more memory and everybody would like to have had more memory but in
early – from early days memory had been the problem and at that time the rate of
increase in, you know, performance in terms of cost and speed was limited, so we
were still stuck with that. Erm, there were challenges of magnetic recording, which
continued to exist and improve. There were technical improvements in, you know,
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the architecture of multipliers, things like that. The creation and satisfaction of
introducing floating point operation and seeing how well, you know, this was received
by the users. And whilst it was done in Mercury it was, you know, pursued in Atlas
again and, you know, again refined from the user point of view.

[08:10]
There again, the – from the software point of view there was the Atlas autocode which
was really a high level language designed to make the use of machines easier, and the
operating system which was extensive in terms of what had existed previously and did
things like job scheduling on the machine. That is, let the machine decide how jobs
were done. And because the machine was essentially, you know, being interrupted
and only it knew when it was doing a particular program, this included doing things
like costing and all these sort of things. You know, the ability to timeshare and, er, do
various things resulting from priority issues, and this sort of thing. The idea of getting
the machine to acquire statistics and in a sense make thinking decisions based on
these statistics, you know. All this was very interesting stuff really.

Hmm. Aside from the commercial aspects of Atlas, were you happy with it as a piece
of technology?
… Yes, I think – I mean the reliability of Atlas was certainly quite acceptable at the
time. Erm, and, you know, I think as a team we were very satisfied with the reliability
and the performance that it produced, and the usage that it got. I mean it’s nice if you
create something to actually see it being put to good use. Again, from a technical
point of view there was the idea, which I’ve previously mentioned, which is that, you
know, the machine could control instruments. And in fact that idea persisted to the
extent where, when smaller machines became available they could do the – as it were,
the instrument part of the job in collecting data but could pass on that information to a
bigger computer to do any necessary calculations and things. So this was again, you
know, an interesting departure which I think was essentially introduced on Atlas.

Just give me some idea of the performance of Atlas, how fast it was.
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Well, at the time there were computers like Stretch which were being made by – in the
States, right. And, er … I think we can claim that at the time it could be considered as
one of the fastest machines in the world, so there’s no doubt about that.

How much of a jump was it from Mercury?

[pause] Well, going parallel was obviously a big improvement in speed and of course
upping speed, so of course you’re talking about thirty sort of Mercurys is the sort of
thing. And the other amazing thing is that when you start – when you introduce a
machine with this discrepancy in performance, you can imagine that for some years
the machine is not going to be used properly. But, you know, with people doing 3D
problems and then improving the accuracy by taking a better number of samples in
each direction, right, you find that a user [laughs] can change the amount of time he
needs on the machine to do the thing with greater accuracy, you know, by an immense
factor. So you found that after a very short time indeed the machine was fairly
heavily loaded [both laugh].

[12:40]

Could you give me a flavour of the other people who worked on Atlas, the broader
team you were in?

Well, the team had really two components. There were the university team and there
were a team of seconded engineers and programmers from ICL. Now, erm, if I told
you about the ICL people to start, one of the more senior, you know, hardware
engineers available was Evan Warburton and he was the man which at the start of the
project had said to Tom Kilburn, ‘I hear some idiot wants to build a machine which
does in an operation in 100 microseconds,’ right. And so, er, Tom as you know said
that’s me, and so the thing got off to a good start if you like [laughs]. But he was a
very competent engineer and other people like Yao Chen who actually moved
between ICL and the university team. Other people who were, as it were,
maintenance engineers on the Atlas or started as that initially but then, you know,
actually helped to commission the machine as well, names like Peter Whitehead and
George Roylance and things come to mind in that connection. On the software side,
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one of the major contributors to the software was a man called David Howarth who
worked for ICL and he was a really – he was really a tower of strength for – on the
operating and high level language side, and he was really a big help. Again, Tony
Brooker was the man really in charge of the software for the university. Tom Kilburn
was in charge of the whole project, and I was essentially on the engineering – in
charge of the engineering side. And, for example, monthly during the Atlas project
had progress meetings at ICL to see how, you know, things were going. But there
were, er … other people involved too. For example, Plessey made the core stores for
Atlas, hmm, and so it was necessary to have progress meetings with them because
they weren’t a standard item off the list. It was a new development and so we had to
make sure that it was going to operate well and that we would be able to maintain it
and so on. So there were regular progress meetings about once a month again with
them down at – you know, at their place in the south of England, and so again visits
had to be made there. And I remember Gordon Haley, who was one of the ICL
people, who came with me on those expeditions.

Hmm. Who do you think were your closest colleagues in this period?

Pardon?

Who do you think were your closest colleagues for this period, the people you worked
with most?
Well, on things like – on things like the drum there was a man called Eric Dunstan.
Now he later married one of the secretaries in the department and they departed to the
States, and he – they departed to a big firm in the States but there were people there
who were thinking of moving off and setting up their own company. And because he
was the sort of man they were looking for, an actual engineer with hardware
experience on the recording systems, they had finance people and management people
and so on, they wanted him, and so he took part in a – you know, in a private
enterprise over there and flies his own aeroplane and, you know, is a dollar
millionaire these days. David Aspinall worked on the integrated circuits – sorry, on
the circuitry side with me, and in particular he made a contribution to the fast carry
system which existed in Atlas. He also worked on the tape system, so again, you
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know, key people. Erm, Dick Grimsdale, who became Professor Grimsdale, and
David Aspinall became Professor Aspinall as well. Dick Grimsdale became Professor
Grimsdale at Sussex. He worked on the read only memory that we introduced, hmm.
So then there were other research students at the time like, if I can think of the names,
unfortunately – unfortunately some of those escape me but it’s – we did have, you
know, help of various sorts to do the job.

[18:15]

Hmm. Could you give me an idea of what the atmosphere was like in the computer
science department over the Atlas days?

Well, all the university staff had other jobs to do like on certain days running
laboratories for students, on other days doing lectures or tutorials. So they were not
100 per cent available during – you know, during the day. The ICL people were
clearly there all the time but the atmosphere was good and in general people worked
in teams to do various parts of the machine. You know, there’d be a small team
working on the read only memory, a small team working on the, er, tape system,
another team working on the discs, another team working on the central processor,
and another team working on the – if you like, the main random access memory side.
So – and clearly one could work to a certain extent independently, bringing each unit
up to operational level, but eventually at some stage we all had to work together to
link the machines together. But in the early days there was an oscilloscope trolley
which had enough equipment on to, as it were, activate each of these separate
activities, with switches and a small capability to do sensible things. So the
atmosphere was good. Generally speaking, for quite a lot of the time, we had
sandwiches and custard pies for lunch, right, and ate them on the job really. And
again, during commissioning people would work late at night, overnight on occasions
when, you know, things demanded it when there were real problems that had to be
solved. And my next door neighbour didn’t believe that I worked at the university
because I wasn’t on holiday the same as university students [both laugh].

How do you keep track of a project that has got this many different elements
involved?
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[pause] Well, you know the objective that you’re trying to – you know the objective
you’re trying to achieve and you make people responsible for various sections. And
you have an overall, as it were, diagram of how things fit together and what you
achieve. And as I say, you have regular progress meetings. They might be at Ferranti
to discuss particularly how things are being made, how things are being tested, and
when they’re going to be available and all these sort of arguments, but equally you
have discussions about where are we with – you know, what’s the hold up, what’s the
problem, and so on. And again, of course people are familiar – you have to be
familiar with all the types of circuit that are available to do a job. If they’re starting to
do something different, maybe they want to create a new circuit, okay, and so you
have to be aware to all these various incidents which might arise. But generally
speaking you get together to discuss problems on a regular basis.

[22:20]

How did you move on from having completed Atlas to thinking about the next
computer?

I sometimes get the comment, if you want something done ask a busy person. Now
what I’ve said already is the computer science department was created in 1964. You
know, that didn’t happen by accident, you know, a lot of work had to go in. When it
was created you had to create a whole undergraduate course, right, you had to create
laboratories, you had to create, you know, programming sessions, all this sort of thing.
So there was a lot of activity going on, and we took the first intake in 1965, and that
would be the of the order of say twenty-seven students in the first year. Now we were
situated in the electrical engineering building but because we were taking all these
extra students and wanted extra lectures and laboratories, we couldn’t stay there, we
had to move into some space. Now there was some space in old buildings which had
been vacated by people who’d gone to new accommodation, and what we went to
were the old engineering buildings, which were called the Whitworth laboratories in
Coupland Street and occupied those, you know, for – as the computer science
department. And this was whilst there was a proposal being discussed to design a
new building to house both the computer science and computer service. So again,
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there’s another activity going on which is to design a new building. Now you might
think that’s straightforward but it was a computer building, right, with computer
service and computer teaching, and there were problems of the fact – of the university
trying to establish a pattern of its buildings and a right sort of atmosphere. And at that
stage – Oxford Road, at some stage, was going to be closed and so they had insisted
on a walkway through the centre of our building which of course, you know, caused
problems of communication inside. So that was another activity that was going on
then, was the start of this activity where we needed to discuss with architects, you
know, who wanted to start at the beginning. You’d think that you could design a
lecture theatre, that it would be a well established problem, but we seem to have to
start again at the beginning. Er … so there was that activity going on and then also
whilst all this activity going on, you know, ideas and discussions were taking place
about – and experiments were taking place, if you like, looking at, you know, how
Atlas was performing in various ways and what would be done differently to think of
proposals for new computers. Now in ‘66 in fact we were thinking about how, you
know, the move forward might be made and also at that time Arthur Humphreys, who
was the managing director of ICL, was talking to Tom Kilburn and he says, ‘We’re
just starting project fifty-two’ he says, ‘which is a plan to look at a number of options
for a new computer range.’ Now at that stage it was project fifty-two, later on it
turned into the 2900 range, that’s what actually developed, okay. And he says, you
know, ‘If you’ve got any ideas to put forward, we would like to consider you as one
of the inputs to this process. And if there was something we agreed, you know, we
agreed that it looked interesting, we might be able to second you some software
people and some hardware people to help with the project. And in fact we will build
equipment at cost for you.’ Hmm. So this was, if you like, an extra stimulus to the
department, and in 1967 a proposal was put forward to the SRC which included these,
you know, er … collaboration with ICL, right, saying we collaborated on Atlas and
now there was a chance of further collaboration and this was the way we wanted to
go. And in fact that was successful and a rather large grant was given at the start of
1968, I mean it was 630,000 pounds or something, so in terms of what computer
grants had been at that stage it was a large grant. And basically what this provided
was it provided an ICL 1905E as a machine to the computer science department,
which of course we wanted to install in the building that we moved to where we
didn’t have a computer room, so we needed a computer room. So the costs for the
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computer, which was charged at cost from ICL, right, there were some costs to
making a computer room where we could both install this computer and have room to
build another computer, hmm. There were then costs of, you know, what would be to
make this new computer and of course costs for a few extra personnel to assist in –
you know, in the actual construction and production of this thing. So – so that was
really how it came about, so from – if you like, from 1968 on, ‘68 to ‘73, it was a five
year grant, then we were on a plan to build MU5, right.

[28:40]
Now you asked about the difference between Atlas and Mercury, what was the – what
we were looking for in producing MU5 as compared with Atlas, and the answer is
twenty Atlases, right. We wanted to produce a machine which had the capability of
twenty Atlases. Now how we were going to go about it? And clearly we had to say
in the proposal how we were going to go about it, and there were really three aspects
to this. One of course was the technical aspect, how were we going to achieve an
improvement in performance by technical things. And at that stage integrated circuits
were coming into being but in terms of what we say currently this would be labelled
small scale integration, you know, four flip flops in a package or six gates or so on,
right, that sort of level of thing. But there was some high speed integrated circuits
available and in fact it looked as if we could set a flip flop in, er, ten nanoseconds
whereas previously on Atlas it had taken 100 nanoseconds. So, you know, it looked
exciting, there would be something approaching ten in speed performance from
technology, right, er, and that would only be the start of the thing, there were
obviously lots of technical aspects. The second thing was that looking at
organisational details in Atlas in regard to things like the virtual memory, for
example, there might be improvements that we could make there to increase the
efficiency of the system. Er, there was – again, another thought was that if, for
example, you could take all the peripheral activity of input output to the main machine
and relieve it of all the driving capability, right, that this would allow more time for
the high speed calculations. And so there was the thought that – say something like
the 1905E which we already had, if we could incorporate that in the design that we’re
making in some way then that could remain in charge of all the peripherals that were
connected to the system and therefore provide more time for serious calculations. So
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these were sort of organisational things. And then finally there was the thought about
making the machine more efficient to run high level languages, hmm, er … because
that was the dominant way that, you know, computers were now being used. The idea
of machine code programming and using hand coding to improve the performance, we
were entering a region where, if you like, the size of store and the thing were making
it possible to go in a more general way. So that’s really the start of MU5. Now I’m
happy to go into MU5, those aspects of MU5 in a bit more detail, but that was really
the start if you like.

[32:30]
Hmm. I’m very interested in this point on high level languages having become more
important. What difference does this increased use of high level languages actually
make for you as someone designing computer hardware?
Well, I think just, er, there are a lot of – there are a lot of languages available now. I
mean it started off in the – early on with Fortran, which is the short for formula
translation, and that was the very early language, not terribly sophisticated but in
those days a big help. Then Algol came along and, as another scientific language, and
this was much more sophisticated in its approach. And of course you had COBOL for
commercial work, you had LISP for list processing, you had Snowball I think for
stream processing, right, and of course as well as this you had software developed for
simulation of various activities, which you might – which, you know, might be looked
as a high level language for doing a special job. So there were a whole series of high
level languages, you know, which existed, all with different properties. And so what
we thought is we’d start to like – to look at some of these activities that they wanted
to do to see if they could be run more efficiently. Now at the time, what I say the
time, mid ‘60s or something like that, Dijkstra, who was a well known, well regarded
language designer, was heavily involved with Algol for example, made a statement
which was something like, ‘We’re not here to program computers,’ right, you know,
‘computers are here to run our programs.’ And what he was implying was that there
should be a high level discussion of how you design a high level language to do
something to, as it were, produce a solution for the user in terms of a specification,
you know, in a reasonably efficient way. After that, converting from that high level
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language to machine code was regarded, if you like, as a straightforward job, and I
don’t think it really was really because, you know, some of the things they wanted to
do were quite difficult. So the idea in using – you know, in promoting the idea of
high level language is to look at some of the activities that they did and see if you
would arrange the architecture of a computer differently to accommodate these, which
would then make the compiling job easier and if you like would make the amount of
compiled code shorter so, if you like, would improve the speed. Okay, so that’s – that
was the emphasis really on the high level language and, if you like, that’s one of the
aspects on the architecture which has really gone through into the 2900 series, hmm. I
could say here that in the early days, and following Arthur Humphreys’, you know,
offer at the start, there was quite a considerable effort to make MU5 as a – you know,
as a possible machine to be manufactured within the 2900 range. But we proceeded,
you know, to build MU5 and then we had a convergence exercise it was called, to –
which was a discussion with ICL where they were differing with something that we
were proposing and in fact [laughs] part of it we’d already built. And we did agree
with them that it would be better to – you know, to rebuild this bit and go along with
them to try and achieve convergence. Now in the end, I think for commercial reasons,
it wasn’t – you know, convergence was not achieved. That is MU5 was never one of
the options under the 2900 series, okay. But what we felt was that a lot of the know
how which had come about from the collaboration had been transferred to the 2900
range, that’s what we always felt, right.

Can you give me any specific examples of this know how?
Well, I mean if you like, I’ve mentioned one already which is the aspects of the
architecture related to high level languages, okay.

[37:40]

Hmm. Could you describe the changes in architecture you need to make to
accommodate high level languages in a little more detail for me please?
The, er … one of the things you’ve got to do in a machine is to deal with the variety
of operands. Now these – if you look at the high level languages, these can be things
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 249
C1379/11 Track 9

called named quantities, which are things like fixed point numbers, you know,
floating point numbers, erm … functions, okay, which change the nature of what’s
going on, descriptors. What I would define a descriptor as is a word which defines
the nature of an array of – for engineering, it might be an array of vectors, it might be
a list of bytes, it might be a table of something, okay. So you’ve got various sorts of
arrays to deal with and various sizes of element in the array, hmm. And we’d call
these things – we’d show that the next aspect of operands is array quantities, okay, so
you have these named operands and then array quantities. So if you’re going to deal
with the high level language what you want is something which, let’s say, gets fast
access to array operands and deals with the complexity of sorting out the structure,
that is how you address individual elements in an array, and how you then mask off
words and things to deal with the operations on them, right, so – now when you
looked at on Atlas routines that were running, okay, you took a routine, what you
found was that of these named quantities eighty-five per cent, er, of the accesses were
four names that you made. Eighty-five per cent of the accesses were four names. So
what you felt was that if you provided a buffer store of some sort you could put all
these – put these names into this, provided there weren’t too many. And in fact,
generally speaking in a routine on Atlas, we found these were less than sixty-four, so
what you said is, if you had a sixty-four bit buffer you could put all the names you
required in a single routine into that buffer, and since you might require several
accesses to them, then instead of having to go back to the store you would get them
from this buffer store, which we called a name store and was – it was done
associatively, so you could compare whether the operand you wanted was in any of
the lines. If it was there then you got it out quickly, if it wasn’t there, then you had to
go to the store to get it. So every so often there’d be a hiccup, okay. So – so one of
the aspects was instead of having sort of funny sort of buffers which weren’t
accessible to high level languages, if we used a buffer which fitted in what the high
level language requirements were, like the name store, then this would be a good
move. So we provided a name store to – a name store buffer to provide fast access to
named quantities, okay. Er, now what you find out in high level language is not only
do you need names to be accessed in your own routine but on occasions you might
need access to another routine, hmm, and you might need access to some names
which were generally available, sort of a global access. And so all these sort of
provisions were made available in the MU5 and there was a name base register to
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identify where the name started in a particular routine. And of course every time you
changed routines you would change the address in the name base, so you would – so
you composed your instruction address by relative to the name base, you see, to
identify where the start of the names were in that routine and so on. So you see how
the structure’s changing your address formation; instead of having it just in the word
in the machine, your address formation has been changed to get – to sort of compile
your address from the machine plus some registers. Now the advantage of that is that
you can make your addresses stored in the machine shorter and therefore make more
valuable use of your main store. It’s another activity, okay. And then of course how
do you deal with array quantities, right, ‘cause you’ve got to sort out, you know,
perhaps electing an element or dealing with – in some cases you’re dealing with
strings, you might want to do a comparison of strings, so you might have to deal with
two strings. So in the MU5 we provided an extra operand unit which was called the
secondary operand, which the primary operand will in fact get your descriptor out,
right, fast from the name base and it would then send it to the secondary operand unit
which essentially you would have to compose the address which was taking the origin
of the address, take some sort of indexing to get to the particular one you wanted and
so on, right. And you would be able to do this for two addresses ‘cause you would
use two descriptors if you were dealing with two strings, so – and then of course you
would have to select your operand as well, the operation of the operand, to do the –
whatever calculations or logic you were going to do on the information. So it
consisted – there was something like … I think ten per cent of the equipment in MU5
was actually in the secondary operand unit. So in terms of dealing, if you like, with
high level languages of these array, general array requirements, there was quite a bit
of gear, hardware gear, put into the MU5 and it included things like hardware array
checking so you could – boundary checking so you could not only check that, you
know, you’d selected the right thing but it was within the bounds of the general array
that you were using and so on. So that’s the sort of – I hope that explains the sort of
nature, general nature, of the thing.

[45:50]
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While we’re talking about hardware, you mentioned as well that integration,
integrated circuits, had become more important in the time when you were thinking
about –

Right.

How did this change your thinking about how to build a computer? Or did it at all in
fact?

Oh, no, it changed it fairly radically, okay, changed it fairly radically. Now let me
explain the situation. At the time we were designing MU5, ICL were producing a
machine called the 1906 which was a fairly, you know, a fairly high performance
machine. They had decided on a certain set of integrated circuits to use which were
called emitter coupled logic. And since they were promote – since they were
produced by Motorola at the time, it starts MECL, so these were called MECL
circuits. So these were the early days for – it was the first lot of these circuits
produced, they were fairly high speed. What ICL had decided to do was to connect
these circuits together by a multilayer printed circuit board. Now this was an
expensive process. The board they produced was called a platter, it was about thirteen
inches by sixteen inches, and had fourteen layers in, right. Of these, two layers went
in the X direction, right, for interconnections, and two layers went in the Y direction
for interconnections. And clearly you had to be able to produce connections between
layers to effectively connect wires from one place to another. Now what ICL had
done was to say, suppose we have a specification of a number of circuits, integrated
circuits which are platter size, you know, and their interconnections, then that
specification we could put into a computer and the software on the computer would
run to achieve those interconnections – would go through what connections had to be
made, how could we get those in the two X and two Y layers? Now in most – in a lot
of cases it got all the connections in but in some cases it was still some connections
short. And so, if you made a platter there still had to be a means for interconnecting
any of the connections to the integrated circuits by hand – you know, by a hand wiring
connection, right. Now ICL had done that so you could actually put this specification
in, which had to be right, produce the X and Y layers, right, produce all the
interconnections to power and all the rest of it, okay, produce the platter, which the
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interconnections were done by what were called plated through holes in the platter,
right. And then at the end of the process it then checked that all the connections made
– all the connections appearing for – to connect the integrated circuits actually did
connect to the required places, so having done it, it would come out correct. So this
was a complete different from Atlas whereas, you know, if somebody was wiring a
board in Atlas, for example, they could make mistakes. So even on a printed circuit
board you could get mistakes which weren’t repeated ‘cause it depended on an
individual doing the assembly. And similarly, on the interconnections on the back
wiring you could get mistakes because you had to, you know, you had to identify
connection five to this socket to go to fifty somewhere else and so on, so – do you
understand?

Hmm.
So when you’d done it there were mistakes.

[49:30]
Now with this system, you know, the thing would come out – once you’d done it
right, it would come out correct every time, so obviously quite a difference in the
process. Now let’s say at this time, at this time, what ICL was doing for the 1906 was
to hand wire boards, right, for the engineer which they then checked, you know, with
oscilloscopes and things that it was doing the right sort of a job, make any
connections that were necessary, record these, and include those as the correct
specification. That’s the position that ICL were in. At the university we had been
working for some years on the design of a computer aided system to do logic
simulation. Now this not only did simulation that the levels used were the right phase
and so on, right, ‘cause obviously if you’re taking a signal from a set of flip flops, if
you took the wrong side of the flip flops, all sixty-four wires or whatever they were,
would all – so it was a big change to make in the wiring, right. So you didn’t want
that to happen. So the logic was all checked, but not only the logic, but the speed was
checked as well that, you know, you – there was a timing aspect to the logic. And
every engineer on MU5, right, could simulate his logic and check, right, that it was
proceeding properly. And at the end of that process a list of the integrated circuits
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used, plus their interconnections, would be produced. That would be put on an
exchangeable disc on our 1905, right, and that exchangeable disc would be taken to
Ferranti and put on their – you know, put on their machine. So they were making
platters that they didn’t know anything about, which would come out correct to our
design, right, so this was a – this was a very big step. Now let me say, a platter costs
500 pounds to produce, a very sophisticated piece of equipment. I had money for 100
platters, ninety-five were used in MU5 and we had to actually make ninety-six
because of the convergence that I previously mentioned, that we had to redo one
platter because of trying to conform with ICL requirements, hmm. But you can now
see from that, that the process was very successful from the CAD point of view, and
that was the responsibility of a lady called Hilary Kahn who had been doing the work
in the department, was a lecturer in the department, had been doing work with
research students. And when it was known that we were going to use the MECL
integrated circuits, you know, made the necessary changes for the elements, you
know, to accommodate in a computer aided design. So that was an absolutely critical,
as far as I was concerned, an absolutely critical capability. And in fact that
information was then relayed to ICL as well, about our computer aided design.

[52:30]

Hmm. So the computer aided design system was used to design the logic of the
computer then?

Right.

How had you done that previously?
Well, you’d done it on pieces of paper, you know, by hand with linking circuits
together and so on, right, and then you divide the computer into sections, then you
deal with sections and connections between sections and so on, right. So it had been –
it had been done in the same way but even if you had the right thing and the right
specification, because it was all hand wired you didn’t necessarily get it back correct,
you see [both laugh].
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Did CAD make any other differences to how you designed a computer?

Well, it has made vast differences of course in the design of integrated circuits where,
you know, er, you know, when you’re making changes to an integrated circuit or on a
chip, it’s all done by a computer now so that you base it on what was previously done
if it’s an amendment and so on, right. So, you know, it is – CAD is absolutely vital,
hmm. And the more you can make it realistic to – the more you can make it realistic
in terms of, for example, speed of operation and things, the better you are.

Hmm.

And of course this is a bit more realistic in integrated circuits where the dimensions
are so much smaller than they are, you know, for example in the MU5 platter system.

Could you talk me through how you actually would use a computer aided system to
design a logic circuit? I’m just interested in the process of sort of thinking it through
and actually doing it with a machine.

I think the answer to that is, what you do is you think it through on paper and then put
it in the machine. So the design you’d create, right, the elements you’d use, were put
into the system to check out. So the actual design was still done by the individual, if
you like. The checking of it was done by the CAD, and once the checking had been
done it was transferred to a production system which could guarantee to produce the
set of interconnections and the connections to power that you required.

[55:45]

Right. Could you tell me a bit more about Hilary Kahn as well?
Well, Hilary Kahn was recruited by Professor Morris as a software expert. She’d
done a degree in classics in South Africa, was an interesting lady, and decided that
when she came to the university to work for Derrick Morris she didn’t like – I think
she was asked to do something like a COBOL compiler or something for MU5, didn’t
want to do that. And of course I was very interested in that time, and always had
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been, in making progress on CAD, right. And I was also interested in – I was also
interested, which was another thing Hilary did, in doing experiments on circuit
performance, actual circuit performance, in the laboratory to put it on a computer and
produce the result that the circuit actually produced. So she’d been involved with me
in some of the undergraduate laboratories in setting up these sort of programmed
activities but doing engineering of circuits. So she was aware of things like timing
differences and, you know, problems that could arise and so on. Er, and so she then
started working for me specifically to do the CAD, right, and she had a number of
research students who also, you know, made useful contributions to it, but I’m afraid I
can’t remember their names again. You know, it’s too many names involved.
I think it occurs to me that she’s the first female colleague you’ve actually mentioned
in our interview.
Yes, there is a – there is another lady I can mention in terms of MU5 who is – was
Linda Warburton, when she came to us originally as an undergraduate student, but
then she took a degree with us and then came onto the staff and she actually worked
on the MU5 disc system, right, was one of the contributions she made. So she was the
person in charge, if you like, of the MU5 disc work, hmm.
Were there any other women in the computer science department or …?

There were, er, there were some girls in the computer science department who, for
example, helped with data preparation for doing programs, okay. So there were a few
of these people who started off in that connection. And then, for example, when Atlas
came with the idea that you didn’t have a user on, you had a person who actually put
the – somebody’s input in and took their output out and made sure they got it back
and so on, these girls – some of these girls transferred to that activity as well. So
there were some ladies in the university who did that sort of work, plus of course a
few secretaries.

[59:25]

How were your relations with ICL in this early phase of MU5 development?
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Oh, I mean the relations with ICL in the – certainly for a lot of the period of the MU5
progress were excellent. Er, I mean we had ninety-five platters to be made, which
they had to produce. We had regular progress meetings with the – you know, with
their people, and so on. So, no, I would say relations were – couldn’t be faulted.

Hmm. How did the progress of building the machine continue from the early period
you’ve described?
Well, it was quite interesting ‘cause if you remember we were in this old building, so
we got this computer room and we installed our 1905 there. That was modified to
install a virtual memory system in it, okay, so it was then suitable for the development
of operating systems, hmm, okay, and of course our CAD system, right. So – so that
was work that was done there, and of course the construction of MU5 started in that
room as well. But 1972, we moved, er, into the new computer science building, now
called the Kilburn building on Dover Street, not on Dover Street, on Oxford Road,
sorry. And of course we had to move, you know, all our gear across there. So again,
you know, all these are extra activities which we could well have done without. But
the important – one of the important activities, one of the important activities, was
that in the new building I had got a printed circuit manufacturing facility, right. And
therefore we ourselves able to make multilayer printed circuit boards, because getting
printed circuit board, ordinary printed circuit boards done, was quite expensive and of
course quite time consuming. And if you think of teaching students and students, you
know, couldn’t wait weeks for their work to be done and so on, so I did this for both
project work in the third year for our undergraduates and also for our research
activity. And to explain this a bit further perhaps I should say that if you think of
these platters I talked about, I didn’t say there were 200 integrated circuits actually
assembled, or up to 200 assembled on a platter, and that meant there were 200 sockets
on a platter into which you could put small printed circuits with the integrated circuit
on. Now in the 1906E there was just one integrated circuit on a board or, in a number
of cases, two, so that was the situation. Now when we were designing MU5 we were
looking for higher performance and so in a few instances where we were – where
speed and things was critical, we wanted to put more integrated circuits on a board
and therefore we had a double side – a double width version, that is something which
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plugged into two sockets, but it obviously had an extra width to it which would
accommodate up to six integrated circuits. And we also – for our associated
memories which we used in MU5, had double height boards, and these could be
accommodated within the structure that ICL had provided for the platter. So I don’t
know whether it was a direction they were thinking they might go at that stage but it
was certainly very useful to us to be able to do this. Of course you couldn’t do it
everywhere because the cooling arrangements for the circuits would not be able to
accommodate it, but there was sufficient tolerance in the system – well, we could do
this wherever we found it necessary, so this was quite important.

[1:04:05]

Hmm. You talked a little bit about the computer aided design side of this and printed
circuit board production, I was wondering what other sorts of facilities were
available in computer development at this point for you.
Well, we had an – I mean in the new building that we designed there was a
mechanical workshop which, if we required, could easily have produced things like,
you know, drums which we, you know, which we produced in the early mechanical
workshops on the thing, so if you like, we would have been able to produce that. We
could obviously produce pieces, you know, mechanical pieces of gear to, you know,
racks or boxes to assemble, and there was also a painting facility provided in there
that we could actually – we could actually paint things when required to look them a
bit more, you know, acceptable from a visual point of view. So we had a mechanical
workshop and a mechanical facility. If you think of the printed circuits, bear in mind
that you’ve got lots of holes to be drilled, right, and part of the mechanical facilities
were a computer controlled drill so that we could obviously drill the holes
automatically. I mean if you think about – if you of something like a platter, there
were an awful lot of holes, 200 integrated circuits, each with sixteen pins, right. So,
you know, er, it was – you did require a lot of holes to be drilled, right. We of course
weren’t making platters ourselves ‘cause that was a much more, you know,
manufacturing process but we were making – we were making, you know, sizeable
boards, and again plated through holes and things. Certainly we would find ourselves
capable of making four layer printed circuit boards with no problem.
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Hmm, hmm.

So, yes, so the printed circuit did involve the mechanical work as well, right. Now as
well as that activity, for example, there was work being done to produce a software
similar to the ICL software producing platters but producing them on general printed
circuit boards. And so there was another man called Doug Edwards, no relation to
me, but he did some useful work on the process of, you know, getting the
interconnections into a limited space area and so on. And again, he did collaborate
with a firm to – on this activity, er … you know, to cooperate with the firm on this
activity, so he did actually do something useful.

What problems did you encounter during this building process?
[pause] Well, I mean apart from the general problem of, you know, when you’re
trying to link various things together and put things together, you’ve got a real
problem. But on MU5 various things were done. For example, all of the stores had
built in facilities for self test and to run checking systems which checked the worst
pattern correction, ‘cause in things like core stores you have a – you find that there’s a
worst condition for getting the maximum interference on systems. And so we were
able to check out this and we were also able to do it under margin conditions, for
example, that is vary your power supplies, right, to check that it not only worked at
the nominal power supply but that it worked plus or minus five per cent, hmm,
without any problem. So we could do that, for example, on the main RAM that was
provided for MU5, on the core store that was provided for MU5, and of course since
these were produced essentially by outside people, I meant the – the high speed store
was produced by Plessey and the large core store was produced by Phillips, they not
only had to produce the store but they had to produce it to an interface which
interfaced with the ECL circuits. Because they used their own circuits in their – that
wasn’t necessarily – you know, that wasn’t necessarily – you couldn’t assume that
that would happen automatically. So we insisted that there was a proper interface so
we could just plug our system into theirs with no problem. But because ECL was a
relatively new and relatively small signal, and a fast signal, people hadn’t appreciated
some of the difficulties that occurred so, you know, appreciate that in the multilayer
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platters the X, Y connections are close to earth all the way, so you have a matched
impedance. And so some of the people were not aware that you couldn’t just link one
wire to another if you were going to – I mean if you used an ECL because there was
just too much inductance in the system and the speed would just produce, you know,
oscillations and things.

[1:10:00]

So those were some of the difficulties that we had, we were dealing with outside
people to produce, you know, the right interfaces, chasing progress on getting things
done on time, chasing new systems at both Plessey and Phillips, and finally in the end
– I mean we had to go and do an acceptance test because these were new equipment,
these weren’t off the run – off the shelf run equipments, you know, they were new
equipments, so we had to do acceptance tests. And, for example, on the Phillips,
which were 512k words of thirty-six bits each, there were two of them that we
ordered, we had to go across to Amsterdam to do the acceptance tests and we’d run
the tests on the normal margins with voltage variations but with them we’d also
insisted on doing some temperature variation. And in fact one of the stores – one of
them failed on several digits on the temperature testing, so that meant that that stack
of cores had to be, you know, either changed or the elements replaced or – you know,
or had a new stack put in, and so that had to happen in fact on that instance. So, you
know, everything wasn’t absolutely straightforward and there was quite a lot of
activity to chase around and ensure that things were going correctly.

Hmm. I was interested in the fact that computer science has now got its own purpose
built building and I was wondering what you had seen of the change of status in
computer science in the time between spinning off from electrical engineering and,
you know, getting its own great big, huge new building on Oxford Road.

[pause] Well, the first problem was really getting computer science accepted as a
subject, because really we were running out of people with sufficient experience to do
the research degrees in the appropriate time, that, you know, they would have to learn
too much to be able to take on the – the work. So that was very important. The …
general acceptance of computer science as a subject, you know, amongst most
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universities had been quite pleasing but of course not every university has a building
like we designed because, if you like, our requirements were also heavily associated
with engineering. That is we were actually building systems within the department or
in collaboration with firms. Now because of the development of integrated circuits
then much of the collaboration has had to be – no, much of the work has had to really
go out to firms, you know, that you still collaborate with the firm but you need to do
much more of the work at the firm because you need highly clean conditions, you
know, specialised equipment and so on to produce the integrated circuits to the level
of integration which has now been achieved. And you can’t really expect to be doing
that, you know, in the computer science department in the university, right. But at
various stages, you know we moved in steps, if you like, along to that situation and of
course a number of the departments as well are related, if you like, to commercial
computing. We’re mostly – mostly what I’m saying is to mostly software
development, right, rather than influencing hardware. So again, they wouldn’t need
much different from a standard building except that they would perhaps need some
equipment, so they would need, say, a – a ventilating room, you know, to get rid of
the heat and so on. But of course with the development which has occurred in
computers you now get a very powerful computer which doesn’t really need that sort
of care and attention so that, you know, what I feel is that I have an Atlas sitting on
my desk upstairs at least, hmm, and probably much more storage than Atlas ever had.
So the situation is constantly changing and the change is – I mean I would say
amazing over the period, if you think about it. From 1948 when we had a roomful of
gear to do very trivial things with no help and lots of trouble, to a thing where you
can, you know, buy a machine for several hundred pounds which is very useful to the
average sort of student really. Where, you know, he can put on his photographs, he
can communicate with people, he can do, you know, mathematical work if he wants
to, and so on.

[1:16:45]
Hmm. It’s interesting, in our last interview you mentioned in passing that when
computer science had been spun off there’d been some debate as to whether
computing was a science.
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Yeah.
Could you talk a little more about this? It’s an interesting distinction.
Well, I think if you – if you’re in a university you’ve got to be producing a subject, if
you like, which has enough content of your own – of its own to be regarded as a
worthwhile subject. Now the difficulty with computer work is that on one side it’s
highly mathematical, er, on the other side it’s – it could be considered as electrical
engineering, hmm, and you’ve got all the variations in between those things. And so
you have to persuade the authorities that it is worthwhile getting these things together
because there’s enough interest and enough need to actually do this, right. So – but
some people, you know, were not – I mean in the university were not happy with
calling it a science, you know. People at our university said it should be computer
engineering ‘cause that’s what it – ‘cause that’s how it’s grown up.
Who were the people who weren’t happy?
Well, it’s difficult – it’s difficult to be precise at this time but – because what I’m
saying is you’re talking in the faculty of science, which is fifty professors or
something, right, and you’re bound to have some diverse opinions, right. You have
people ranging from psychology to, you know, to mathematics and aeronautical
engineering and so on, and all in this – and physics, you know, and chemistry, all the
usual subjects, in this thing. So it gets a bit – it’s difficult to remember and it’s such a
long time ago now that it’s difficult to be – to really remember it accurately. But all
you can say is there was some discussion and some disagreement but in general there
was general approval for doing the thing, hmm.
I’m just wondering about the disagreement part of this. What about computing
wasn’t seen as being a science?

[pause] Well, I mean there are some arguments you can present for that. I think
there’s an argument you can say against it. And I think what happened was we went
through these and on balance the feeling in the faculty of science was that this was a

© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 262
C1379/11 Track 9

proper name for the subject. And I can’t really expand more on that now ‘cause it’s a
bit – the arguments are a bit remote from me at this time [both laugh].
I’m just wondering what the difference is between computing as science and
computing as an engineering subject though.
[pause] Well, again, it’s difficult to be precise and things on this but I mean if you
think of a science then there should be capability of, you know, abstract thought and
thinking in some sort of general – general way. And if you like, in terms of the
problems that you’re tackling and in terms of things like high level languages, you
know, I talked about – I’ve already talked about a top down approach. And so things
had been thought about as principles for doing a specific job, if you like, from
translating from a language suitable, you know, to persuade people this is the right
way to do a problem, to converting to object code which runs on a machine. Now, if
you like, you can certainly consider some of that as a science. From an engineering
point of view there’s no doubt that some of the activities of, you know, engineering,
like simulation or other activity, so you don’t have to – have to build the thing before
you create it, you know, are all important. But I mean there are – I mean all the
creation of integrated circuits and the creation of connections and the handling
multitudes of interconnections are all, you know, real serious engineering problems.

Hmm. So in a sense do you think computing has to be both?

Well, I mean all you have to do is look at our department which we started off as
computer science but we still had in the course engineering type lectures. But then we
did introduce a computer engineering degree which, as it were, concentrated more on
the engineering aspects, hmm. So, if you like, within one department we’ve got both
aspects covered and so, if you like, you have an opportunity there to move more in a
science direction.

Hmm.

But there are obviously some confusion, you know, there are obviously some
confusion there, but what doesn’t?
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Shall we take a break at this point?

Yes, okay.

[End of Track 9]
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Track 10
Is everything okay, volume okay? It’s up to scratch?
I think we’re doing all right, yes.

Okay, fine, right.
Right. We’ve been talking about MU5 and I was wondering if you could give me
some idea of the feeling in the computing science department as the project
progressed.
… Well, I think it was something that everybody was very keen about, everybody was
– and I mean it was a sizeable system, so it occupied quite a large machine room. Er,
and I think, you know, all the contributors were very keen to press on with it and, you
know, achieve something.

Hmm. Could you just describe how it looked as it was taking shape?

Well, I mentioned the platters which were thirteen inches by sixteen inches. These
stored up to 200 integrated circuits, these accommodated 200 integrated circuits, and
within a bay of equipment there were nine of these platters in the centre of the bay and
then there were two doors, one on each side of the bay, which swing in and out. And
these were double sided doors, one side and on the other side there were more platters,
so there were six on one side, six on the other, and again on the other thing, so there
were twelve plus twelve, which is twenty-four, plus nine, which is thirty-three platters
in one bay, right. Now the central processor occupied two of these bays. The main –
main memory occupied one of the bays, right, the disc occupied another bay and
something called the exchange unit, which I haven’t yet explained, occupied another
bay. And then of course there were power supplies. So it consisted of really two
rows of three bays, really, so it was quite a sizeable system. Then plus a sort of
console which was the operating console, largely for engineers that.

Hmm. What was the room it was in like?
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Oh, well, I mean it was especially – special purpose main computer room, you know,
all air conditioned with a false floor for making interconnections. And so it was, er,
quite reasonable working conditions, but of course when these doors were open it was
a bit noisy, particularly, you know, when you were commissioning. [laughs] If all the
doors were open then it was a bit noisy and a bit windy because of draft that was
having to be pushed past the circuits to keep them cool. So – so, okay, when the
machine was shut up and operating but a bit – a bit tedious for the engineers and when
you were actually commissioning the machine.
What was a day to day –? What was a working day like for you at this point?
… Well, of course it – the days varied according to demands, okay, and where you
were in the assembly process of the machine. Erm, you know, until bits were
delivered, like the bits coming from externally like from Plessey or from – or the
magnetic drums or whatever, then of course the bays weren’t occupied and so on. So
you were – you were just waiting for things to happen but getting on with their other
activities at that stage like developing your, you know, designing the platters to work
with the systems and so on. But I mean generally speaking it was a pretty active
period for – certainly from 1972 to 1973 when, you know, the bulk of the machine
was coming together.

[05:00
I haven’t mentioned a sort of few words on technology. Technology, apart from the
integrated circuits, technology-wise the main random access store was on something
called plated wire, this was magnetic coating on wire. Now this was the sort of
storage the Professor Hoffman had done some work on in the department, and so we
knew about it, but again this was a system which was designed by Plessey and it – the
layout, as it were, of the thing was actually 2k – each module was 2k words of
seventy-two bits because on the MU5 we had sixty-four bit words plus a parity per
byte. And four modules were provided in MU5 and you could obviously interleave
the access of those sequential accesses around successive stores, so you could get at
your equipment quickly, you see, without waiting for the complete cycle to – to
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collapse. The other thing is there was a large core memory which was made by
Phillips, which I’ve mentioned, and these were 512k thirty-six bits, and there were
two of these. Erm, and what these were, these were to facilitate the one level store,
the virtual memory. That is if something wasn’t in the – it wasn’t in the main RAM
then you needed to get access next from this larger core store. And the advantage of
this was that there was no big access time due to the revolution of the disc, so this was
to improve the operational speed of the virtual memory, you see. And this was a
system in which there were current page registers, that is the current page registers
didn’t cover all the real store, that was kept in separate page tables so that if when you
got a not equivalence, right, you would be able to get what should have been there and
replace one of the CPRs from a page table, okay, so that was the way it was done on
MU5.

Why did you decide to do it that way?

Hmm?

Why did you decide to organise it that way?
Well, it was the business of – it was the business of not having to provide page
address registers for every page in the real store, ‘cause it was a matter of the size of
the associated memory needed to do that. And of course if you wanted to expand the
memory then of course you had to provide more page address registers. Now there
was also another move on MU5, which was to make variable size pages because
sometimes, you know, previously on Atlas there was a fixed size page and sometimes
you required a smaller page, other times you required a bigger page. So on MU5 we
tried to accommodate a variable page size. Now the thing is when you have a variable
page size, if you’ve got a small page in theory you’ve got to – you know, you’ve got a
lot of pages in the real store, right, and so that would be very expensive to provide. If
you have a bigger page then you’ve got a smaller number. What was tried was to
provide a certain number of CPRs, current page registers, which would give a
reasonable average performance, okay, and to then not have too many small page
transfers or, you know, to sort of – so that you were getting a lot of problems, okay.
So that’s the way it was done on MU5 which was, you know, regarded – and the
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insertion of this core store was to make the system more efficient, so – ‘cause you
didn’t have to wait as long obviously ‘cause the access time was just – it was a
random access store, you could get to where you wanted pretty well instantly, and the
cycle time of that store was two and a half microseconds.

[09:45]
Now the drum on which I’ve mentioned that Linda Brackenbury worked, the rewrite
system was designed in the department and it had eight tracks in parallel, and the data
rate was 450 nanoseconds per byte, okay. So – and because of that any transfers from
that disc to the system, because it was a fast rate, there was an autonomous transfer
system built in.

How many people were working on MU5?

[pause] Oh, I would say actually in the order of a dozen people, a dozen people
directly. There might have been, you know, another three or four people who were
involved as technical staff doing specific jobs, hmm, to help. What I mean by that,
technicians in the university, they would normally be associated with laboratories but
we might steal them away for doing some specific things, you see.

For what sort of things?
Oh, if, you know – it would be a – a routine activity like taking – removing some
equipment and putting, you know, installing something really, okay. So it would have
been a sort of fairly routine task. It’s just a matter of getting a bit of extra help really.
What are the other twelve people doing? Is this software and hardware people or …?

Well, there would be hardware and software people, okay, there would be both
hardware and software. Er … you know, there would be at least half a dozen on the
software and the same number on the hardware. And of course they would be divided
between the various sections of the machine.
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You mentioned that you were – in fact all of you were keen to see MU5 built. Could
you break down this keenness for me? What were you hoping for?

Well, I think we all thought it was a very good project, right, and we were keen to see
it come to a successful conclusion.

What made it a good project?
Well, the first – the first thing was it’s a project in which, you know, all the ideas
came from people in the university, right. So you weren’t doing a job for somebody
else, you were doing a job for yourself, right, so it was a matter of, you know,
personal satisfaction. I think that’s the dominant thing. There’s an important thing
that I haven’t yet explained about MU5 which is fundamental to the system really,
which is if you think of what I’ve called the central processor unit and the fast
memory, the fast RAM, then to create fast operation, we regarded that, if you like, as
the fast memory being local to that CPU so that constituted a fast store because that
was the best way of getting fast access to it. So the prime communication for getting
instructions obeyed were the operands, and exercise and all that sort of thing, was in
that system. Now I did mention that the 1905E, we were thinking of in terms of
operating all the peripheral equipments, right. So you now start talking about two
computer systems, hmm. In addition to that we’ve got the large core store, which was
the backing store for the – you know, for the main RAM but which was a second –
which is a secondary level of communication really, it wasn’t a – it wasn’t the one
where you needed a prime rate, okay. And similarly there was the disc store which
was fast but, you know, was – wasn’t that fast. Er … now were there any other units?
Now what we needed, if you like, to transfer from the very fast RAM to say the RAM
on the 1905E, was a stage in which they took a block which was the input block or the
output block, you know, and either moved it from the 1905 to the thing or the other
way, so it could get on dealing with it. And so there was something called a block
transfer unit so that you could arrange transfers between these stores to set up the
thing.

[15:45]
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There was another thing called a system performance monitor which we built on,
which we needed a connection to this thing called the exchange, and you gather from
this – so we’re talking about exchange of information between a lot of units. Now the
exchange was designed to handle twelve units, right. Now you might think, if you
like, why couldn’t all twelve units be just linked to a bus? And the answer to that is
that we wanted this thing to operate at very high speed, we didn’t want something
going from one end of the bus to the other to be – take a long time and so on. And so
we did think in terms of something which was a crossbar that, you know, the thing’s
arranged so that, you know, every one was linked to every other one but that seemed
terribly expensive. And so the system that we ended up with was in a sense an AND
gate followed by an OR gate where you had twelve inputs, hmm, right, to an AND
gate and a buffer, so that if you wanted to send something you selected the buffer,
right, and put it in, and then at the appropriate time if you then said that’s the one I
want to do, it would be ANDed and all together – ‘cause there’d only be one signal
‘cause you’re only taking the one. And you’d have a very short path, ‘cause you have
it all in one place, right, and then it would go out to an output buffer, right, which you
would have to select because having set up the transfer you’re going from one unit to
another unit. So this would have to be set up like that, and so you then set up one
output buffer. Having done that, you’ve done the job. How long did it take to do it?
We wanted to do that in 100 nanoseconds, right, which is very fast, for a forty-six bit
data word. Now not only did you have to transfer the data word but you were going
to put it in an address, so you had to transfer an address as well. And of course there
were odd timing and control signals to do these necessary operations, and so it ended
up with 120 signals, right, in each of the twelve coming in, going through the AND
OR gate to twelve buffers with, you know, 120 signals going out to the respective
things. Now clearly, if you think about the system, how long would it take to actually
cause one unit to transfer something to another? And the answer is – the answer is
that if you wanted to do it in 100 nanoseconds, right, you’d first have to put a signal
up saying I want to do a transfer, you’d have to have some sort of priority system to
say this is the one to take, like this is the one to come up, or this is the highest priory
even, right, so you have to select the priority. Let’s say you just missed your look
time for that, so you’ve got to wait a period. Having come up early for that selection,
the next 100, you’ll be able to say access priority now. That would take you some
time, so let’s say it took you 100 to access the priority. Then having accessed the
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priority you would transfer it in the next 100. So what you’re saying is the worst case
is that from requesting a transfer it would take you 300 nanoseconds to actually
achieve it. But of course in the meantime, each 100 nanoseconds, you could be doing
something else ‘cause it was only a very short gate in one position. And the cables
from all these things could be quite long and would be coming into all these buffers
and going out from these buffers. There’s another little problem, which if you think
about it, let’s suppose the fast machine wanted to read a word, just a word, say for
control purposes or something, from the 1905E or from this large store, right. Then it
could take two and a half microseconds, you know, a cycle time, and therefore it
would take, say, a microsecond to get access to it. So having in 100 microseconds
given the address of where you wanted to access, and that’s all the time you’d allow
it, you would then be on the thing waiting to access. You would wait then the
response time of that thing, and then this would want to respond. So not only would
you have to – you then have to keep a record of what equipment had actually
requested the transfer because when you do the reverse side you have to know where
to send it back to, you see. So it was quite a – whilst it sounds simple there is quite a
difficult task in, you know, ensuring the priorities, dealing with the data rates, dealing
with different machines which might have different word sizes, okay, dealing with
machines which might have different structures, right, ‘cause we’ve got a 1905, an
MU5, we also in fact had a PDP11 attached to a file disc on one of the things, right.

[21:20]

So what we were trying to achieve in MU5 is in a sense a multiple computer system
but where the multiple is relatively small, right. I mean we could put – with twelve
we could put certainly another really high speed system, we could put another MU5
on if we wanted, okay, or MU5 in inverted commas, so – and the aim being really to
get a system with a fast throughput and try to take advantage of parallelism as much
as you could sensibly see, okay. Certainly driving the peripherals is one thing that
you can certainly handle. If you had a specialised peripheral, like a graphics unit or
something, you could put a – a computer to just handle the graphics problem, ‘cause if
you’re doing a translation in 3D or rotation or something, this gets quite extravagant
in terms of using computer time. So you could transfer that sort of thing away to – to

© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 271
C1379/11 Track 10

another system, you see. So that’s what MU5 – so the exchange in the MU5 is quite a
critical thing and it did seem to work quite well.

How did you decide to actually adopt this model that used multiple computers?
… I mean certainly the – certainly the thing existed, like I’ve said, and therefore we
were in a position to try and use these things as stated, okay. There was a second
grant given. The first one was ‘68 to ‘73, there was another grant given from ‘73 to
‘78 of much less value, about 130,000, where the emphasis was on using the machine,
say, to continue development of the operating system. Because on the operating
system an attempt was trying to be made to make it modular so you could split it up
into bits and to make it portable, so that you could perhaps substitute other modules in
certain areas where you had different machines to deal with, okay.

Could you explain that a little more please?
Well, what I’m saying is you’ve got an operating system which has to run on your
particular machine. If you’ve got a machine with a different internal order code and
things, how does it run on that operating system? Now you’ll need some – to adapt it
in some way. So what was being attempted was to make an operating system which
was more flexible in its usage, that you made it so that it was possible to adapt it to
other structures, okay. And that was what was being attempted to be done. Now as I
understand it, even though the 2900 wasn’t – even though the MU5 wasn’t a member
of the 2900 range our operating system could transport easily onto the 2900 but the
reverse wasn’t true. You couldn’t transfer the 2900 system back onto MU5, okay.

[25:00]

I was wondering at this moment if you would mind explaining for the benefit of people
who might not get it, the idea of parallel architecture.
Well, the idea of parallel – I mean the very simple idea of parallel architecture is that
you can be running … aspects of your job that you want to do all together. Now to
achieve that there must be aspects in the job which you can separate out, hmm. Now
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this is the difficulty. You know, if you’re doing – if you’re trying to solve one
problem in the – you know, in your central computer, how do you get, you know,
aspects of that done separately? You can, in some cases, you know, duplicate for
example, say your operand unit so you can be – whilst you’re doing a slow operand in
one you can be dealing with another operand. But you have to make sure that the
second operand doesn’t depend in any way on the first one, and things like that, okay,
so – now, er … the problem, if you like, is what we were doing was something which
we felt was a reasonable move where we could see there could be some advantage,
right, to doing it this way, that is with a small number of systems you could actually –
you know, part of it was to run the existing system, which was related to the virtual
memory, the store, so part of it was to do with that, but there was a part which was,
you know, more computer systems having to run together and this was a means of
devolving something of the job. Now something of the job could be that you wanted
to archive a particular thing you were doing, right. You wanted to get that out of the
way, right. You wanted to – so you could create some extra space to run things. You
wanted to drive your periphery. You didn’t want to spend your normal computer
driving peripherals, ‘cause even though it’s a shortish time, let’s say, for a high speed
machine, it still has to do it and you have to get into it and you have to get out of it,
and all the rest of it. So it’s not just the actual time, it’s – you know, it’s the time for
organising it in and out, and so on. So you can see that there are some things that you
can sensibly do and run essentially in parallel, okay. What is difficult to do is to
tackle, if you like, let’s call it one job, and run whatever is in that job which can be –
you know, which can be taken as running in parallel. Now if you like, this is the next
phase of activity after MU5, MU6, which MU5, MU6 were part of the simple
computer network but because I think – because I think of the fact that, you know, in
the ‘80s you could get a computer on a chip, the idea occurred that – and you could
get it cheaply, hmm, why not use a hundred of these computers together in some sort
of way or use a thousand of these computers run together in a way. And there have
been some attempts to – there have been some attempts to do this sort of activity but
I’m not an expert on that, and it’s really in the period essentially, you know, close or
after my retirement. So I’m not in a position to speak about any results in that
direction except to say that, you know, I am not terribly convinced by the arguments
on parallelism in this sort of technique that I’ve heard, hmm.
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[29:25]
You’ve talked quite a lot throughout – talking about MU5, about we decided to do it
this way –

Yeah.
We made this decision. And I’m wondering how do you make these decisions?

Well, you make these decisions based on experience which comes either from
experience with previous machines on a similar sort of topic, right, or by simulations
of the activity on another machine before you – before you try to build it in the new
machine, okay. So you do both these sort of activities really to decide this is the way
you should go.
Hmm. So who’s making the decisions at this stage?
Well, it’s the team in a sense. I mean we discuss how the thing is going to be tackled
and we say this is worth looking at and, you know, if we get a good set of result – if
we get a set of results from this, and we examine this thing, this is an MSc, do you
understand? Your investigation of this thing will produce you an MSc, so – so this is
the sort of means of making progress.

What are the pros and cons of working in a team, do you think?

[pause]

Specifically around the MU5.
Yeah, yeah. Well, you’ve got to maintain a good relationship and, er, you bear in
mind that in a university the atmosphere is of publish or perish, so you’ve got to be
clear whose activity it is, right, and what you’re pursuing. And of course that comes
naturally anyway through the lecturer, MSc student or PhD student relationship, right.
The MSc is generally speaking doing some work which the lecturer has suggested. In
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a PhD you’re looking for some originality as well, okay. The sort of work might still
have been suggested by the thing but the – how it proceeds, you’re looking for a
contribution from the student. And of course lecturers being aware of this is when
they’re cooperating with somebody, you try to – you try to make sure that it’s your
suggestions which are successful. I could perhaps explain that in terms of working
with ICL on Atlas. Erm, at the time ICL were designing another machine called
Orion themselves, right, and the proposal was, for example, that – the initial proposal
was that the magnetic tapes on the magnetic discs for Orion, which were supposed to
be well on the way, would be useful in Atlas. But when it came to the crunch they
were not well underway, in fact they hadn’t been designed, and so we started to
design the system and we came up with the proposal for the rewrite system. And we
put it to ICL, this is what we want to do, and then they came back with another
proposal and said, you know, we don’t think your ideas are good for this reason and
we want to do this. Now I think we went through that exercise on the Atlas about
three times, just on the magnetic rewrite system, as sticking to our original proposal,
and in the end we won out as being the best – I mean best relates to achieving the
speed and performance but it also relates to the cost. You can’t be doing something
which is, you know, a big factor more expensive, particularly ‘cause, you know, you
have to justify it commercially and so on, so there’s those aspects. So you go through
those sort of processes, you see, and that’s really what happens in a team doing
something, is somebody will come in to say, and I’ve had an idea tonight about doing
it this way instead of the way we’re doing it. And you discuss it and see, you know,
what the advantages and disadvantages were. And of course it might not be that
simple, you might have to do some extra work then to, you know, it might cause a
diversion in a sense to do some extra work to define where you’re going. But the
important thing is, you know, give and take on all sides really.

[34:20]
Hmm. As someone who’s –? Let me start this off, what was your personal role in the
development of MU5?

Well, I was again the person in charge of all the engineering. I was the person who,
you know, was in charge of the university team that went to the progress meetings
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with ICL and things. Er, being in charge of the engineering, I definitely went to the
progress meetings on the – on the plated wire store. I went, I mean maybe with some
other people on occasions from our own place on the random access store. I was
involved, you know, in the design of the read write system on the drum again with
Linda Warburton. Er, I was supporting Hilary Kahn in, you know, in the
development of a computer aided design, okay. I feel I didn’t make a contribution to
the computer aided design except to say what was required, right, or to make clear
what was required and to say whether, you know, it was turning out to be satisfactory
or not. So criticisms, you know, would come from me but I wasn’t actually solving
the problems. It was definitely Hilary Kahn who did that, okay.

Hmm.

So your responsibilities differed according to the different people you were dealing
with, hmm, but I mean I would say that the support which we needed to operate came
from me.

Could you give me a bit more flavour of that please? You talked about how, you
know, you worked with Hilary Kahn and she did all the work on the computer aided
design system but you’re sort of helping out as well –

Yeah.
In regards to certain respects. How does that – could you talk me through one or two
other examples of the other groups you talked about?
Well, I mean with the central processor unit, for example, er, you’re concerned with
the provision of the associative store, okay. I was involved in the design of the
integrated circuits to achieve that, okay, with people like Dave Kinniment who was
another member of the staff. Er … and, er … really discussing with them, you know,
sort of problems related to what hold ups they were experiencing in getting things
done. Er … I think what I would say is everybody was keen to make some positive
contributions really, however small, right, but to actually do something to improve
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what we were doing. And I think that’s – I think everybody was encouraged to do
that.

[38:30]

Hmm. You were obviously working together with a lot of different people, are they
working together with each other as well or were they all in their own little separate
areas?
I mean the groups tended to be – the groups tended to be perhaps a university member
of staff, say an ICL seconded person, a research student, okay, that would be a typical
sort of group, okay. Erm, the research people from ICL – there were people from ICL
that we worked with, most of them had worked with us on Atlas, so they were already
used to working with personnel and knew the way we worked. I think some of the
disappointment that people experienced in ICL was they would be started on a project
and then without, you know, any notice or anything the project would just be stopped.
And so having sort of got themselves involved in doing it, the thing would just
disappear, and I think that is one of the things – ‘cause we employed several actual
ICL personnel over the years, right, that was one of the things which they found
different at the university, that the project they were working on was going to be, you
know, finished, right, was going to be done, right. And what they were on was – you
know, really mattered. Whereas at ICL they couldn’t be, you know, 100 per cent sure
that what they were doing would actually matter at all, and I think that was a – that
was a feeling I got, certainly from the people that we recruited.
You’ve mentioned the ICL Atlas connection there a moment ago. I was wondering if
there was any change in your role between MU5 and Atlas.
… I would have said – I would have said, er … a little change really. I think on Atlas
I was a bit more involved in the day to day actual design work down to the nitty
gritties, right. On the MU5 I found myself in much more of a supervisor position
really, okay, but nevertheless still taking part in, you know, some of the design
processes which were occurring.
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Why the change?

Well, just as I was, you know, if you like, more senior, more experienced, you know.
It seems to be a natural course of events. I mean I think as well I could say that I was
actually, you know, more involved in university activities which would take me away,
er – which would take me away from things which I might have regarded doing more
favourably [both laugh].

What sort of activities?
Er … what sort of activities? Let me just look for a minute at a sheet I have here.
[looks through papers]

[43:10]

Can I ask you what the sheet is?
It’s only a list of dates really, it’s nothing terribly vital, but at my age you can’t
remember precisely when things happened, I think that’s the problem [pause –
looking through papers]. Well, for example, in 1974, which is ‘68 to ‘73, it’s just
after the MU5, if you like, the first period of the MU5, in 1974 with a colleague in
chemistry who was a crystallographer, we put in a case to the university equipment
committee to buy a computer graphics unit for the university. Now the background to
that was that previously these sort of requests had gone through the computer board to
buy into the computer service but what we found was that, for some reason, when it
came to spending the money there was always a shortage of money, and the thing that
was always chopped off was the computer graphics section, right. And this had
happened a couple of times, and so we put in a special case to the university and we
got permission to buy equipment and to appoint three staff, right. And this was still
housed in the service area, in the computer building, and provided a service to the
whole university but it was actually independent of the full computer service itself,
and that ran from 1974. I was a – I was a member of the management committee of it
from then on, okay. And from time to time there was reference over the period in
cooperating it in the proper computer service because it had been quite successful and
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was quite heavily used and things. But for some reason this didn’t happen whilst I
was there but the transfer actually occurred in 1990, two years after I’d left. I don’t
know whether that was significant or not but it occurred then. And they moved into
things like – you know, from graphics into things like virtual reality and things like
that, and as far as I know they still – you know, that is still running. So that was
another activity which took up some of my time, making the case, you know, and of
course the x-ray crystallographer that I was working with was a man that I’d worked
with previously on another project and, you know, he was interested in drawing 3D
pictures of crystal structures and things like this and so – but I mean once we’d got the
unit going it was really very busy.

Hmm.
In fact 1970, the mid-1970s, weren’t a terribly good year for me from a personal point
of view because my wife died of cancer in July ‘77 and her mother died in August
‘77. And FC Williams, who was not only, you know, a colleague but a friend and,
you know, he’d made my first appointment and he’d been helpful all my career and
things, and so – and of course he was still in harness but was taken into hospital and
he died, and he died in August ‘77 as well. And then my mother’s – my wife’s father
died in the November, so those – that period was a bit of a disaster.
How did that –

And in the September of that year, whilst I was doing other things, for example, the
computer engineering course started [laughs], which obviously had required some
work to set up and establish and took a new intake of students, you see, okay. So I
mean what I’m saying is, you know, that explains some of the activities that were
going on. And of course since the Atlas project, er, I’d been appointed as a professor
and so, you know, there was attendance of faculty of science meetings and I was on
the university equipment committee as well, so there were other activities. When I
was a student I was in a hall of residence, St Anselm, and I later became the chair of
another management committee, which was again about this time. So – so I had a
number of activities which did require my attention. I think in this ‘70s period as
well, the university started an audiovisual system with television production of
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lectures and things. And some people like Simon Lavington produced sort of, you
know, computer – using computer lectures on video tape, okay. Now these did
require quite a considerable dedication, and I was on the management committee of
that process as well.

[48:25]
Can you tell me a bit more about this computer – sorry, video lecture business?
Well, I mean a TV – you know, a professional TV set-up, was set up with a director
and some staff. It was housed in the building that we vacated, right, when we moved
into the new computer science building they were housed in there, right. And of
course they were then looking round for people who wanted to improve their lectures
by, say, presenting some – er, something on television. Now there was a large call for
teaching, you know, initial computing, and large numbers of people involved, so it
was thought a good idea for people to try and introduce this on television ‘cause it
could be reproduced and questions could be asked rather than, you know, somebody
having to be asked every minute of the time, so – to deal with the situation. And
Simon Lavington was somebody who actually ventured down that route for a time of
actually producing some television lectures, which were fairly heavily used.
Hmm. Were they actually broadcast on TV then, or …?

Well, you know, I mean it was on tape, on video tape, and you just came into your
lecture and the video tape started and, you know, through it went, that was it. I mean
they incorporated changes at various times. I mean I don’t know if he appeared for
the last ten or twenty minutes or something to answer questions and this sort of thing.

So essentially you got a video tape instead of a lecturer.

Right, yeah.
Oh, that’s really interesting. Why did you go down that route?
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[doorbell rings – pause]
So you were on the management –

Yes, I was.

Of the video lectures?

Yes, yes, yes. I think I was chairman for a time.

What was thought to be the advantage of video lecturing at the time?
Well, I mean it was to do with the – you know, with the scarcity of lecturers. And I
mean the Open University was – you know, was going of course and it was – it was
thought that it was a good move. And it was university-wide; you could do lectures,
you know, in any subject you wanted to do it in, right, you know. The main difficulty
I found was with the director himself, right, because – I mean I don’t know if you’ve
been at university but it’s, I mean, you know, environment, but the thing is people
come in and chat to you about what they want to do and you really have to gauge
whether they are keen, are serious, or whether it’s just a chat and you’ll never see
them again. And what I could never find – I mean all he’d do was to log everything
that he’d done, and he’d say, ‘I’ve got these huge requests for all this work, and I need
these staff and I need equipment,’ you know, to – and I would, please tell me, you
know, what is a sensible amount of activity that you can actually handle? And I had
that trouble with all the time that I was chairman, that he wouldn’t really take a
decision on what people’s requests were because he says he wasn’t in a position to
assess them. But I said, well, you have to be because you are the man who has the –
who will get the experience, you know, so you would have to make some decision and
you can only do so much work, so let’s see you proceed. Now I was very keen to
have Simon do something, ‘cause at least I could see something happening, okay, and
judge it, you see. And the television side of it, and the professional people on that
side producing the thing were really very good, but the assessment of the case, I never
really felt, you know, the director was really in charge of the system that was running.
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The director of the actual –

Yeah.

I thought you meant like movie director.

No, no, the director of the unit itself because anybody who wanted to use it would
have to come to talk to him about what they wanted to do, how much they wanted to
do. So it was the amount, the scale, the time involved, you know, and the facilities
and all the rest of it. And, you know, it was always as if everybody was making a sort
of professional TV programme [laughs], you know. So, you know, the costs always
escalated beyond reason so it just wasn’t feasible. So I was fairly unpopular with him
really.

[laughs] You mentioned that part of the reason for this was a shortage of lecturers.
Could you expand on that?

Well, I mean, you know, in some areas lecturers have been there forever, right, in
some subject areas. In others like computer science, there was a huge turnover
because people could get jobs and were always, you know, disappearing to a better
paid job. So, you know, later in the ‘80s when the university really went into a bad
economic situation, computer science always made its target very easily and had to
appeal to have special permission to reappoint because – you know, because we were
suffering whereas other people never, ever made a saving at all, because nobody ever
left. So – so I think one aspect of it was that, if you like, the lecturer could present his
lectures like this, right, and therefore he could spend part of his time doing something
else, you know. In a way, a better use of his time is another aspect of the thing.
Hmm, hmm. Did you think about maybe how –? What did you think the future would
be for video lecturing when you were going through this process?
… Well, I felt it was interesting. The … another problem was that a university
lecturer lecture is not really, you know, a full professional lecture as given on TV, if
you like, right. And the question was, the TV people were always wanting to do it to
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a very high standard, hmm, but I think the lecture people wanted to do it in a more
casual sort of way, okay. And so there was a disparity to sort of – you know, to really
get satisfied and things, and it was really, I felt a bit of an experiment, and I felt the
computer things that we did were very good.
Hmm, hmm. Just so I’ve got this straight in my head; these were intended for sort of
consumption within the university –

Yeah, right.
Not for wider –?
No, not for wider, within the university. Though I think – I mean if something had
proved – I mean let me put it this way. If something had proved outstanding then I
think people would have tried to sell it. I mean I don’t think people were short of
vision, as it were, in that respect. It was a matter really of getting the outstanding
performers.

What was the reaction of students and staff to this?

Well, all I can say is all the things I had experience of, which was the computer ones,
and they seemed to quite like it.

The staff or the students?

The students seemed to quite like it, yeah. And of course it was something different
to the normal routine. I think, you know, when it moves to the point where you get
nothing else but that then it’s tedium again.

[57:30]
Hmm. It sounds like the mid-’70s were quite a painful part of your life with so many
things going wrong really. How did you cope with it at the time?
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Well, all I can say is, as best as I could. Erm, I didn’t sleep terribly well when my
wife was ill because she was ill for two years. They first diagnosed her when we were
planning both to go to Hong Kong ‘cause I had a visit to the Chinese university there
arranged, and er, I think a week before we were going she discovered this lump on her
breast. And she went into the doctor and they discovered it was – you know, it was a
problem and so they decided to do something with it immediately, and so we didn’t
go to Hong Kong. She had it done and they said, oh, it was sufficiently small that
they felt the surgery had been sufficient and they didn’t need to go any further, and
she didn’t have chemotherapy or radiation or anything like that. And then about six
months went by and they examined her again and they said, oh, dear, it’s – you know,
I think it’s back, you need to have radiation, and then she had radiation, then she had
chemotherapy and it just got worse and worse. And, er, I think the worst thing was
six weeks before she died they said to me, she’s only got six weeks to live [pause].
And I had – my daughter at that stage was teaching – my, er, elder son was also
working but my youngest son was still at university. And when she died, it was in
June I think, I had to fetch him back from Germany where he was studying and
things, and so it was a fairly – you know, it wasn’t straightforward, it was fairly
difficult and harrowing. And of course none of them knew that their mum was in this
condition ‘cause I suppose I was silly but I hadn’t told them, hoping that the thing was
gong to go away really but it didn’t. So, yes, it was quite difficult, so I didn’t sleep
terribly well. And I think one day at a meeting with Tom Kilburn, I think it was in the
last six weeks, I actually dozed off in the meeting, and so I had to go in afterwards
and explain to him what the situation was, I hadn’t told anybody. So, yes, it was
difficult. And then to have a mother and father – ‘cause they were devastated anyway
by their daughter dying, right, it was equally traumatic really [pause]. But as I say, I
mean I was interested in the work I was doing and in sense it was an escape from
dwelling too long on other things, but it wasn’t an easy time [pause]. Yeah, I mean I
think the period that followed – the next year was difficult. I mean everybody was so
kind and pleasant and, er, neighbours and so on, and they all invited me out for meals
and this sort of thing but, you know, in the end you went back to an empty house
‘cause, as I said, all the children were away, either working or at university, and so it
was quite difficult. So I found that rather a trying period as well.

[1:02:00]
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And I think as I mentioned to you before, I had to make a decision really. At that
stage, I mean I was only fifty-one at the time, right, and so I had to take a decision
really whether I was going to, you know, do something about it, like get remarried or
do something, ‘cause the children were all away, so I was all on my own, and
immerse myself or work, or do something different. So now, fortunately one of the
neighbours who was, er – you know, who was very kind to me lived a couple of
hundred yards away or something, invited me to dinner several times and their
daughter happened to be there and was a medical student and, er, in the end we
decided to get married [both laugh]. So, you know, it was just sheer chance really.
But as I say, not all my friends, particularly some colleagues that I worked with on
computing right from the start really, not all my friends were favourably inclined to
our disparity in ages and said, oh, it’s only going to last six months, you know, she
won’t put up with you for longer than six months [laughs]. Well, here we were,
having done more than thirty years, right, and it’s – you know, it’s, er – we’re
incredibly happy so, you know, it’s worked out very well is all I can say, hmm. And I
have another family so, you know – so it not only worked out well but it’s kept me
active all the time, you know, going on, but not in a work direction, not in a work
direction, you know, that I was actually working on, or not in a computer direction. I
mean I’ve kept in touch with computing but I’ve done no real serious computer work
since I retired. I mean I’ve the same view that Tom Kilburn had when he retired. He
was retiring to spend more time with his family, so having decided to remarry and I
had a family, right, I had a daughter already before I retired, you know, I decided
when I retired I would spend more time with my family, that’s what I was going to do.
And then of course a few years later I had some more family [laughs] so it made me
even busier.

[1:05:10]

Hmm. How does going through something like that affect your outlook on life?
Well, I just think it’s, you know, it’s one of those things. I mean worse – I mean all
you can say is worse things happen to people. If you see – I don’t know whether you
saw the Great Ormond Street programme the other night on television but I mean
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some of the children there are in an absolutely desperate state and the things they try
and help them, you know, they are just incredible. And the parents’ reaction, you
know, they’re so supporting and so enthusiastic and, you know, to have to cope with
those sort of things must be terrible. So, I feel I was very unlucky but it was just one
of those things that just happened and, you know, I was unfortunate.

Hmm. How did you manage to sort of go back to work after that?
[pause] Well, I mean I think it stems from the things I’ve already said. I regarded the
position as unfortunate but that, you know, I was really still in a better state than lots
of other people. And I at least had a job I was interested in and I could certainly go
back to that with no difficulty at all. So … but I think I told you very early on that
from starting work, because of my father’s position, I was convinced I wasn’t going to
– I was going to retire early, right. And then Tom Kilburn retired early, right, and
then the opportunity came for me to retire early, so I took advantage of it. And then –
so, you know, it was a decision I’d taken earlier that I wasn’t going to sort of retire
into more work but I was going to retire and do something else, right, and that’s what
I’ve done. And I must say I’ve been incredibly, you know – I haven’t found myself
bored or, you know, indifferent to what I’m doing, I’m very satisfied with it and very
happy.
Hmm. You mentioned that you had an interesting job, and I agree with you, but I’d
like to know what about your work interested you?
One of the things about a university is you learn to be self sufficient ‘cause you’ve got
to stand in front of a class and cope with, you know, a hundred or more students,
right, which I’d done for years. Erm, and you have to stand there and answer their
questions, which I found I could do, so I found that quite satisfactory. I didn’t have to
go abroad to do a task, or to go to lots of places to do a task, I could select, you know,
what to do and where to go and it was my decision. But of course it did relate to your
progress within the university and so on, so it was part of your acquiring some sort of
status, right, and so I enjoyed going abroad and I enjoyed lecturing abroad. I enjoyed
making visits to computer centres abroad. Er, but, you know, these weren’t sort of
once a month, you know, they were a visit – you know, at the most a visit a year, for a
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few years, or something. So it wasn’t – it wasn’t any great imposition on you to do
this thing, and I enjoyed it. Similarly, on the research side, from the time I was a
senior lecturer I found myself, which was – you know, just about the time we were
changing into computer science I became a professor soon afterwards, so just before
that Tom had sort of given me the handling of all the finance in the department. I
mean, you know, together with a technician who did the bookwork, right, but I was
responsible for all the finance and did all that, including whatever private earnings
and things we had, although Tom clearly had the final say, I mean he was in charge
but nevertheless I did the – you know, I did the discussions and all the administration,
I found that good. And, er, when it came to doing things I found that, you know, I
could get things done that I wanted. For example, I could get the printed circuit
workshop into the new building, right, which was part of what I considered that time
to be a prerequisite for the thing, you know. When there was some government
initiative I found that we could put a decent case forward to at least get a part of it.
And of course the new building came out of this. The interesting thing about the new
building was that it cost 1.5 million, I think the original building was 1.75, but the
new building was about a quarter of the size of the old one [laughs]. So, you know, it
just indicates the change in costs.

[1:11:35]

Was there any particular aspect of the research side of this that you enjoyed?
[pause] I think I enjoyed doing what I would call significant projects. These weren’t a
series of small experiments, if you like, they were projects which lasted years, right.
They were projects on which, you know, er, you would get a couple of papers or two
or three papers over that time, so it wasn’t one paper a year. So you were not likely to
accumulate a lot of papers, which you felt that people in other positions in the
university were able to accumulate a lot of papers but you were not, and so this was
something else that you had to explain. So, erm, I found that, you know, doing a team
project was very satisfying and I was very fortunate to be involved in about six
significant projects [both laugh], right, as well as doing some minor projects on the
side like the x-ray goniometer project and the biomedical project which we’d done,
and so on, and the static magnetic tape that we’d done, which I mentioned. So, you
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know, it was the fact that I had done these which, you know, made a difference to me,
so I felt I was not restrict – I was not really restricted in any way, right, and – or
confined too seriously in any way. I felt I was able, if you like, to do my own thing.
Now I mean the last vice chancellor at the university, er, I didn’t get on with terribly
well, and he [telephone rings] – let that go I think. He just referred to me, you know, I
think at one time – I don’t think we were getting on terribly well and he just referred
to me as Tom Kilburn’s lad, helping him out. And, you know, I thought that was a bit
severe and I certainly never regarded myself like that at all, hmm.

No.

But I think it was a personal conflict of interests between the both of us, principally
arising from the fact that I controlled the money, including all the private money
coming into the university, and he had no say in it, hmm. And this would have been
established by previous vice chancellors so it was not possible to change, you see.

[1:15:00]
Is this the period after Tom Kilburn’s retired?

Yes, yes, yeah.
I appreciate this might be a slightly delicate area but I’m really interested in the sort
of funding battle within a university.

Yes.

So would you be prepared to talk a little more about this? We can restrict this section
if you like but …

Well, there are two battles really. There are separate financial sources for staff and
equipment, right. And the equipment … budget comes to the university, and has to be
allocated in some sort of way, and sort of each department put in a case for
equipment. And you could put in a case for equipment and then there’s a sort of
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allocation of equipment which you don’t have to, you know, look at every year, it’s a
sort of allocation that comes, assuming you’re going to get this. But there’s always a
– there’s always another amount which you can appeal for extra equipment for certain
reasons, like you’ve got extra students or things like this, so it’s to cope with change,
you know, dealing with changes that are occurring. So, you know, that’s one entity.
The other entity of getting staff appointed, you really have to make a case to the main
university appointments committee and you have to go before a board, if you like, a
committee, to put the case for the extra staff or the member of staff you want to
promote. And of course much of the difficulty is that in a university, you know,
you’re always looking for Einstein but you very rarely get them. And of course in a
department you do need a balance of staff between research staff that are people who
are – you know, which are very keen on research and are contributing in that area and
really making progress, and there are other people who really deal a lot with students,
deal with student problems, deal with the student intake, er … you know, handle a lot
of tutorials, do that sort of thing, so they – now they are very important really. I mean
I think they’re very important to keep the student body happy, to mean that the
department is doing something, going out of its way to actually provide a mechanism
where they can, you know, get heard. Now it is very difficult to promote those sort of
people yet, you know, when they get to a certain senior level, you know, they deserve
promotion. On the research side the effort is how many papers have you published in
the last years, it’s got to think how many references have been – I mean it gets more
detailed as the years go by, you know, how many references have been made to these
papers and all the rest of it, okay, so – and of course you’ve then got disparities
between departments, like computer science, which doesn’t produce a lot of papers,
right, and other people who produce a lot. How do you, you know, account for the
disparity between them? So you have to have understanding in the university, and of
course with new people on the committee each year that – you know, the thing
doesn’t always penetrate. So it is quite a difficult process.

Hmm, hmm. What was the particular problem with this particular vice chancellor?
… Well, my previous experience with, er, three vice chancellors, right, was that you
could talk to them at any time, even when you’re having a wine party, right, and
you’d talk to them. You’d say, do you mind if I talk to you about something that
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really matters to the department. And they’d say, no, no, just go in the corner here,
we’ll just have a chat while we’re having a drink. And you go there and you talk
about something, and you would come to a conclusion, and that would be the end of
the matter, right. You’d say, you know, whatever it was, let’s suppose you were
asking for money for something, you would get the money, you’d order whatever it
was, and it would appear and that was it, provided that it was all agreed, right. I mean
if he says no and I need to do it – I mean it might be deferred, that I didn’t mind but
you could chat at any time to these vice chancellors casually and you would get an
answer and they would stick to it. Now what I found with the last vice chancellor that
I dealt with was that you would talk to him, right, and I started talking to him in
exactly the same way. He would agree something – if I tell you that I then moved to
the fact that after the meeting I would write a letter saying this is what I understood to
be the result of our meeting, hmm, because I found that he wouldn’t keep to what was
stated, right, and in particular over money matters. You’d think you were getting
money and then you weren’t. And all I can tell you is, I’ll tell you one story which is
that we were going to apply – under the engineering technology programme we had to
take students and we had to, you know, apply for anything we wanted, right. We
decided we needed a new – an additional building, right. I indicated this to the vice
chancellor, what we required, and I didn’t get a note back from him directly, I got a –
pro vice chancellor sent to me, when he had a written note from the vice chancellor,
about four or five lines on a notepad. And he said, ‘Dai, I’ve come to talk to you
about this’ he says. ‘Now the vice chancellor said, one, we need to succeed on this
development. We must take the students, we will then get the staff, but there’s no
way you can have a new building, no way we can put in a case for a new building’
right. And that’s what he actually said. Now – oh, I said to him, ‘You can say what
you want,’ I said, ‘the vice chancellor, I’m going to see him straight away,’ you know.
So I went across to see him and what happened was that I said, ‘Look, there is no way
that I’m happy with that situation. If you’re not giving us a new building where is the
space that you’re going to allow us to accommodate this expansion?’ Well, there
wasn’t any. So I said, ‘Well, we definitely need a new building then,’ and I said, ‘I
know that Edinburgh are applying for a new building ‘cause I’ve already discussed it
with them.’ So I said, ‘I’m not going to let them apply for a new building and us not
apply for a new building.’ So we then went on discussing it for a bit, and I mean to be
fair to him he says, could we put – you know, ‘Is it possible to put forward a
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suggestion that we might put forward some money towards this new building?’ And I
said to him, ‘I’m prepared to put forward some money if the university’s prepared to
put forward an equal amount,’ right. So in the end we agreed with the fact that we
would suggest that we were in a position to put 300,000 pounds forward, you know,
to assist their construction of this new building. This was agreed. Though the new
building – the new building was opened in 1988, which you will remember I retired in
the September of that year, right. It was opened in June, I retired in September. At
that stage – so the new building was built, right, at that stage, as far as I was
concerned, we’d certainly paid our 150,000 but I mean I wondered where the other
150,000, right. But I later found out from the head of department who replaced me,
who should have talked to me about it, right, but it’s like all these things, you know, a
new head of department, that he wants to feel he’s independent, right. He didn’t talk
to me about it but the department paid the other 150,000 as well. So I mean that
summarises up what I’ve said about the vice chancellor.
Despite the fact it had been agreed beforehand and –

Right, okay.

Right.
So that’s what happened, so – and an interesting thing is that my wife actually worked
with his wife, ‘cause she was a medic, and they did a project together, so I actually
knew them by that route. He knew the fact that she was my wife as well because I’d
been as dean of science to a meeting of the vice chancellor’s house with our wives
and things, all right, so there’s that route as well. The thing is I would say I did feel
terribly sorry for him and his wife because, I don’t know whether you know, but they
– their daughter went as a medic and went to Nepal or somewhere on a trip with a
group of people, and she went as the medic. And she had a boyfriend with her I think,
on the trip, and the trip finished and those two decided to stay an extra few days in
Nepal and were never seen since. So he had to go across to – you know, and all this
sort of business – you know, so I didn’t get on with him but I felt terribly sorry for
him when I think – after that I think he and his wife separated. I think, you know, it
upset them so much and things. So it was difficult but, er, you know, I felt it was a
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terrible thing to have happened, certainly, and I certainly wouldn’t have liked it to
happen to me but, you know, that’s – so there are pros and cons really, you know, but
as I say, he was not somebody I would have trusted. But all the other vice – pro vice
chancellor I found to be fantastic.

[1:26:35]
I’ll tell you another story, which was about the university equipment committee,
which we’ve talked about. The vice chancellor, who was Arthur Armitage, rang me
up and said, ‘Oh, Dai,’ he says, ‘I’ve got a request,’ he says, ‘I’d like to appoint you
to the university equipment committee. Will you …?’ you know. Well, I said
‘Arthur,’ I said, ‘I’m quite happy to take it up but,’ I said, ‘Tom Kilburn is already on
the committee, so I feel we already have a representative from computer science and
this will be seen perhaps as an unfair position.’ And what he said to me was, ‘Oh,
don’t worry about it being unfair,’ he says, ‘I want the best people.’ Now do you
understand? That sort of man I can have confidence with, right. So I mean you can
say he buttered me on the right side but [both laugh], you know, all my other dealings
with him were straightforward and so – so that’s the situation.

Thanks.

But it does explain to you some of the things that go on in universities [both laugh].
Before we move away from this I’ve got one – I’d like to finish talking a bit more
about MU5 and MU6 today but you’ve raised a really interesting point a few minutes
ago that I wanted to follow up on. You said that the things you were happiest with
were the big projects –

Yeah.

And I was wondering what the attraction of the big projects was specifically?
Well, I think it was quite simple. It was the fact that it was something new that didn’t
exist, so it was the challenge really. That’s what I enjoyed.
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Which particular part of the challenge? Because on a big project you can see that,
you know, there are lots of things that could be a challenge. I’m wondering which
specific part of it.
Oh, I mean I think it’s – I think what I’m saying is it’s the glo – it’s really the global
interest, and I’m interested in the main thing really. I mean there might be quite a lot
of interest in other bits that you’re more interested in than others but it’s really the
overall picture which really appeals to me.
So bringing all the bits together and –

Right, yeah.

Right.

[End of Track 10]
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Track 11
We’ve discussed some of the challenges about building MU5. I was wondering if you
could talk me through the process that led to its completion now please.
… I don’t know really what you mean by that. I mean from the start you set off to
finish the project, right, and you’ve got a timescale and a budget to meet and so on.
And, er … we certainly met the budget, right, but on timescale at this point I can’t be
precisely sure that we finished on the day that we should have finished on, so to
speak. But we did get a second grant to continue, right, and in a sense there was a sort
of – there was an overlap, so what should have been a finishing – and in a sense, to a
big project like that with so many aspects to it, you’re never really finished ‘cause it’s
always something new that you can think of doing with it. So I think I didn’t really
understand the question you were asking me, you know, to produce. What in a sense
I’d like to talk about for a minute is the fact that over most of the initial period of the
design of MU5, relationships with ICL were quite good, it became clear that they
weren’t going to make MU5 as a machine in their 2900 range. But then at some stage
in the ‘70s ICL started talking to external people about the 2900 range and in fact
about selling, you know, machines. And in particular of course they went to
universities. And at some universities they were asked the question; would you just
identify the contribution that MU5 has made to this, to the 2900. And the answer
from the sales people or from the people who were doing the talks was none. Now of
course in due course that information came back to the university and it also came
back to the Science Research Council, because the Science Research Council had
given a very large sum of money to – for a collaborative project with the university,
and they didn’t expect that out of that project there was nothing contributed to the
2900, so that in fact there were some fairly hot phone calls between the Science
Research Council and Tom Kilburn. And at various stages there were statements
from, for example, Arthur Humphreys, who I’ve already mentioned started off the
collaborative project, written to SRC saying that, er, you know, the collaboration had
been very useful and though they were working – though they weren’t actually
producing a specific machine that had been known for some time, and that the
university had really contributed quite a lot of useful things. I mean it was just in the
terms of a great deal had been learnt from the collaboration. Then later there was a
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letter from Peter Hall to Tom Kilburn who said that the successful sale of 2900,
‘cause they’re only selling them now, owed much to the architectural concepts and it
is these which owe so much to your team’s effort, hmm. And then later Geoffrey
Cross of ICL, at a lunch time address in Brussels to the 2900 club, said most of all we
learnt from Tom Kilburn and his team at the university. And then John Buckle, who
wrote a book on the 2900 series, I mean with Macmillan, says the single most
important influence on the 2900 was MU5, right. So there were lots of statements but
really if you tried to measure the weight of what these meant, you know, there was
very little substance to them really. So, erm, Tom Kilburn discussed the situation
with me specifically ‘cause I kept all the files of all the SRC meetings and I think it
was a fact really, even at the end of the project, that we – you know, there was some
discrepancy with ICL about signing the final contract, you know, relating to
comments made in it, right, with us. So this had gone on till the end of the contract
really. So, you know, all this was – Tom says, I think we’ve got a legal case to go for
a financial settlement of some sort to give these statements some significant meaning.

[06:15]

And so we started to look at a legal case, and of course this meant that we had to
divulge all our files, right, on both sides of the divulged data, and we had stacks of
files and the legal people came and stacked these in boxes. The difficulty was that
when they then investigated them, and we had them arranged in a particular order, I
mean all that order disappeared so, you know, they were no longer easy to find
anything. And this procedure went on and on, and we were really getting nowhere
with the thing. And then in 1980 Tom Kilburn resigned as head of department, which
he passed to me, which was passed to me, and he actually retired from the university
in September ‘81. And as I said, he mentioned that – I mentioned that he was really
retiring to spend more time with his wife and family. And of course earlier that year
his wife died, so I said to him, ‘Tom’ you know, ‘if you feel you want to come back to
the university I’ve no qualms about you taking over the head of department again.’ I
said, you know, ‘Please come back if you want,’ right. But I’m afraid he was a bit
shattered by this event. I mean the things he’d been looking forward to over the last
year had just gone up in smoke and the best we could do, and there were two of us –
he was very friendly with the professor of chemistry, Hamish Sutherland. And Tom
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Kilburn and myself and Hamish, during the normal year, had often had lunch together
where we just discussed, you know, activities in the university, what was going on,
etc. And we were all on various committees together anyway, so we knew one
another quite well. And what Hamish and I were able to do was to persuade Tom to
come into the university at least once a week to have lunch with us and chat for an
hour. But I must say over the next period of two years he wasn’t really – you know,
he wasn’t really himself in terms of, you know, being interested in computing or
anything. And of course it got to 1981 and really I was now head of department and I
had this legal conflict with ICL. I looked up their finance, of which I was in charge of
anyway, and I found out that we’d spent 90,000 pounds on legal fees so far. I
enquired of the legal people how long this was going to take, and they said I’m afraid
we’re not going to get to court before another two years. And then of course we’d got
all the expenses of the trial, so I was very unhappy with that. And of course from a
computing science point of view you hear about various things which are going on in
the background, like procedures that might be put forward for support for IT and
support for engineering and so on. And at the time all the things were meant in – we
talked about collaboration with industry and donations from industry to departments,
you know, to help the process and so on. And I thought, well, it’s not looking good,
our prospects are not looking good for the future if we can’t put forward to these
because we’ve got a legal case with ICL. And, you know, we’re not talking to
anybody of real significance apart from that, and ICL is the biggest, you know,
manufacturer and we really have to get our house in order. Er, I sort of informally
chatted to ICL, who I found were equally upset about the charges that had already
been incurred, and really didn’t look forward to any complications, I mean publicity
wise, that this thing would cause, hmm. And so they gave an indication through Peter
Hall, who’d been the manager at West Gorton previously, that they might be prepared
to really have a chat, a serious chat, about collabor – about settling out of court. And
so during ‘82 talks were undertaken, I think the last one was at the Midland Hotel at
dinner when things were looking rather better, to try and come up with a set of
acceptable things to both sides. And David Dace, who was then the managing
director of West Gorton, of ICL, was really the key man in all this discussion now,
and he wrote to the vice chancellor on 5 November suggesting that these were a set of
proposals. The first comment was that if it was agreed they didn’t want it made
public for at least five years, right, but that it could be made available to the SRC and
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the IEE, which was certainly acceptable. The, er, second comment, there was really
some benefits to the university now. For example, they were prepared to give us six
what I would call – what they would call Perq workstations. These were fairly
significant, fairly powerful, standalone machines at the time. They were prepared to
give us six for use in the department and they were certainly a very useful
contribution to the department, and would certainly come in for teaching and research.
The second thing was that any equipment we bought from ICL, they were prepared to
give us a fifteen per cent discount. And the third thing was that if we wanted
equipment made, for example, like we made on – equipment on MU5, they would
supply it to us at cost. So there were three quite significant benefits but the most
significant benefit, which was something I’d been pressing for, was a donation of
actual money, which was the most flexible, right. And what we’d managed to agree
on was half a million pounds, right, which I felt was a very satisfactory solution, right,
for all these things. And the letter from the vice chancellor went to David Dace on 11
November accepting this, and then we were settled at the end of November, right, so –
and we go the cheque for the end of November, right. Hmm, now I talked to Tom – I
mean clearly I’d mentioned to Tom Kilburn about this but I must say, apart from
saying you should get as much as you can, right, I didn’t really get – but he still felt at
the end – when I told him what the settlement was, right, he says, ‘Oh, Dai, you’ve
not got enough money,’ right. So Tom Kilburn was – I mean I would say he wasn’t
happy with the settlement. He didn’t mind about the other items but he was unhappy
about the level of the money. But I must say that overall I personally was very happy
with the settlement. I thought the amount of money was very reasonable and I
thought the settlement had a very good chance of returning good relationships with
ICL for the future, and that was very important to me who was looking forward to
what new developments might come about, okay. So I think that was – that’s really a
summary of the situation. And all I can say is that since then relationships have been
very good. I mean we even appointed Brian Warboys, an ex-ICL senior man, as
another professor in the department and so on. So the thing has been acceptable and
has worked well on both sides, and we’ve had extra help from ICL on other, you
know, things that we’ve done. So I think that it was a sense – you know, it was a
significant but a sensible settlement, right, and that’s how I would interpret it.

[15:30]
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Hmm. How – I’m presuming that you’ve still got some sort of working relationship
with ICL because of the computer stuff you were doing in this period when the legal
case was going on.
Er …

Or did that end with the end of MU?
Well, if you like to think – what I’ve told you was that, er, from ‘73 to ‘78 we got a
contract to extend the running of MU5, to keep it going and use it for research in the
department, okay. Some of this was involved with – some of this was involved with
the operating system software and portability and all that. Some of it would be
involved in the continuation of CAD activity, and some of it would be involved in
running benchmarks and things to show what had been achieved. Now the
benchmarks – running things that had been benchmarked on Atlas previously, running
them on MU5, certainly showed that there was a twenty times capability provided,
okay. But there were some benchmarks run in both ALGOL and Fortran which
compared the MU5 with 7600, which was another very fast machine at the time. I
mean basically it had a faster instruction rate than Atlas – than MU5, sorry, not Atlas,
right. Now the interesting thing is that on the ALGOL which is the more
sophisticated program, we compiled into significantly less orders than the 7600 and
even though their orders were faster, the net run time of the program was actually
slightly faster on MU5. So that in a sense was a very good result. On Fortran, which
didn’t have much of the features which included high level [inaud] the reverse was
true. The compilation number of orders were much the same and then because the
CD7600 was faster, they were faster on the Fortran programs, so – so that was a good
result. But the details of, you know, of these comparison things are sort of covered in
I think a book by Ibbet and Morris on the MU5, and in other papers and things, right,
so that aspect of MU5 – but I think in a sense MU5 looked … to be reasonable
success, okay. The fact that it transferred some of its architectural things to the 2900,
which ICL say has been successful, is another, you know, fact that the money was
worth spending. Okay, so we feel very satisfied with MU5. The thing that I have
never seen appear out of MU5 was – if you like, was how effective the exchange was.
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I mean in a sense you have to get, you know, somebody who’s interested in doing
quite a complicated set of things on the machine, and as far as I’m aware we never
persuaded anybody to do a bit of research on that, okay. So, er, in a sense that aspect
of the limited, you know, parallel operation has never shown any result. But of course
from a publicly acknowledged acceptance of a move towards parallelism, okay, and
other aspects of parallelism really, you know, implying that it could be much greater
than – than just a few things, have taken over and that’s what people have been
involved with ever since, right. And as I said, I don’t really know anything about that
because that’s a sort of current and, you know, activity after I retired, so I’m not in a
position to really say anything about that.

[20:15]

Could you briefly mention one or two of the bits of MU5 technology that found their
way into the ICL machines?
Well, of course I mean all you can say is we used – you know, the MU5 technology, a
lot of it was the same as the 2900 ‘cause it was all platters and the same integrated
circuits, okay. I honestly don’t know enough, you know, I’m not enough of an expert
on the 2900 to identify more in detail because, you know, at the time I felt very cross
with them about it and I didn’t want to explore the situation any more [both laugh].

So the MU5 up and running by 1973, what sort of things does it get used for?
Well, of course that’s another limitation in a sense that there was then a very good
computer service for the university, and so the people that mainly used MU5 were in
the department. So – so, you know, our experience of other people using MU5 was
much more restricted than it had been, for example, for Atlas and so on, okay. So the
answer is, you know, it was used essentially for our own purposes.

Right.
Okay. Which as I’ve mentioned were operating system and, you know, er, CAD and
benchmarks.
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So a computer designed for computer development purposes then?

Right, yes.

And not intended to have any sort of application of running a computer service as you
had with the previous machines?
Well, you see the – with Atlas, up to the end of Atlas which was about the 1970s it
stopped working, right, the responsibility for the computer service was with, in a
sense, computer science because we provided – the machine was provided through
our – but after that the computer board took over the provision of computers to
centres, and Manchester was one of the big centres which received big support and
other people were put in charge of it. I mean there might have been people who’d
worked with us, like Gordon Black, or Professor Black, who’d worked as an optics –
on optics applications, even on the first machine, right. But he was put in charge of it,
right, and of course for a time it actually moved to UMIST before the building – it
actually moved to UMIST before they could occupy the new building, okay, so –
because Professor Black was from UMIST, you see, right. But then when it was
moved into the new building in the university, he came to work there.

Right.

So the situation was more complicated.
Right. So essentially you didn’t have anything to do with the computing service side
of it?
So our – apart from Tom being on the management committee of the computing
service, he was no longer, you know, in charge of it in any way, hmm.

Right, yeah, I get that, hmm. Do you have any other closing comments on MU5?
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… I don’t think so honestly. I just felt the – I just felt that … you know, it’s shown
that it – we showed that it actually deserved the support that we’d been given, and so
that was a satisfaction, you know, in that. Erm … the – part of the difficulty, you
know, in – part of the difficulty – if you think of the period – we’d had the grant for
ten years, right, and, you know, in ten years things changed tremendously and – and in
the computer field in particular, and of course, er, emphasis of what people want to do
changes and so the interest in, for example, working on MU5 when there are other,
you know, more interesting looking things around, you know, does cause you
problems. Whereas you might like to do something more, it’s not always feasible to
do it or to get it done.

So what were these other developments that were happening at the same time?
Well, I mean all I’m saying, the development is really – you know, the fact that you
can get a complete computer on a chip, okay, that – I mean that’s why I’m saying
these are the other developments, hmm. I mean one is a complete computer on a chip,
the other is the fact, the scale of memory that you could actually now think of. I mean
if you think in current terms, you know, people only talk in gigabytes, right, whereas
at one time you did useful work on 32k words, you know, something incredibly small,
so, er – but of course the whole thing is different. You’re looking for simplicity in
people using the things, you’re looking for a large variety of things, and you try to
include so many things within the machine that it’s very easy to use up this storage
which is, you know, if you like, in a non-efficient way because you don’t want to keep
moving stuff in and out. And of course it’s – I mean in the early days I remember the
artificial intelligence people put forward a scheme where they required huge amounts
of memory, RAM memory, in the machines. And I think Lighthill did an
investigation at their request and turned it down, right, and it was because it just
wasn’t economically or technically feasible at the time. But if you look now, you
know, the amounts are quite modest [both laugh].

[27:00]
It’s occurred to me that in the MU5 time period, or at least the latter end of it, you’ve
got the first microprocessors coming out.
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Right.

What were your thoughts on these at the time, or did you have any at all?
Oh, yes, yes, I mean we were actually – you know, we actually, er – certainly had
some of these, you know, early microprocessors but of course they were regarded of
interest for things like instrumentation, right, things which could be useful in
instrumentation rather than, you know, for the sort of large computer we were
thinking of at that time. So there was quite a big interest on the instrumentation side.

Hmm.

And of course if you look at what we did with MU6, right, I mean we got another
grant to make MU6. Now the aim of MU6 – I think the prime aim was to take
advantage of the developments in integrated circuits, one of the prime advantages
being the size of memory you could now think of. So that as the minimum memory in
MU6, the one we actually built, we had sort of four times the amount of RAM that we
had in the MU5, right. And that meant that from a virtual memory point of view,
hmm, we could get rid of the fast, large backing RAM store that we had and go back
to a disc. Because you had that much bigger memory you didn’t need things as often,
right, and so do you understand? So this causes some difference. So what we tried to
do in MU6 was to make a machine, roughly speaking with MU5 power, but with – in
as small a size as we could sensibly make, if you like, thinking of it in terms of as a
mini – what used to be a mini computer, okay. So that was the real aim of MU5, was
to make an MU5 performance in a small physical size. And of course we could now
move from all these funny types of store, which were magnetic in the first instance, to
now integrated circuit store which was very compact, very fast and very large, hmm.
Er, the requirements were still the same but we wanted to make a machine which was
sympathetic for operating systems, which was sympathetic to high level language
execution, and in terms of efficient compilation. But equally, we wanted high
precision ‘cause it was effectively a large machine in a small size. So things like the
word length, you know, sixty-four bits had to be preserved.
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[End of Track 11]
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Track 12

Right, this is interview with Dai Edwards, 30 April 2010 [laughs]. Dai, I wonder if
you could discuss some of the other activities as well as your sort of core academic
responsibilities which you were involved in.

Well, I think I have mentioned one or two things at last interview but two things
which have occurred to me since. Er, one is concerned with the Institute of Electrical
Engineers, of which I was a member, and in fact most, or quite a lot of our papers, are
refereed and published in the IEE. And of course they have various sections
concerned, for example, with education and training, electronics and control, etc, and
these sections not only exist in London at the headquarters but they exist in areas like
the north west region, so there are committees there as well. And I was certainly a
member of the committee on education and training, and the one on electronics, in the
north west, and in due course became the chairman of each. And of course as
chairman you then make visits to London, to the headquarters, and so this is a
minimum of a day out of your time, so to speak, and in many cases a day and a half
because the meetings are arranged essentially to suit the people in London rather than
those travelling some distance. Er, the main sort of occupation of the committee was
to set a series of lectures to occur during the next year, for example, and invite, you
know, specific people to cover a variety of different topics.
Are these university lectures or for –?
Oh, no, they would be lectures at a place in the centre of Manchester. Erm … they
would sometimes take place – there was an engineers’ club originally where meetings
took place but later on they did have meetings in the various university departments,
so they were scattered round UMIST, for example, and the polytechnic and this sort
of thing. So they tend to, you know, occur in scattered places which suit different
individuals really. So that’s one sort of area of activity and the other area is external
examining for other universities for, say, undergraduate courses which tended to last
for three years. They involved you looking at the papers and the marking schemes to
see that they were fair and at a reasonable level. And of course then when the exams
took place to sit in on the final assessment to discuss marginal cases, to perhaps
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interview marginal people, and obviously to discuss anybody who’d been unfortunate
enough to be ill for a period of the exams, to take decisions as to what to do with
them. So again quite a, you know, significant responsibility really, and again took
quite a bit of time. I mean coupled with that I should say of course the examinations
of MSc theses and PhDs are much more on a single basis but things like the PhD can
be quite difficult because you’re trying to, you know, assess originality and the
students’ contribution and the effort put in and so on. And, er … sometimes you get a
thesis which is presented, if you like, as a technical service manual, which is not
what’s required of a thesis. And so you do get these sort of anomalies from time to
time. So it’s not a straightforward process.

What did you look for in your own PhD students?
The fact that they had personally made some contribution to the result. I think that’s
the key thing that you were looking for always. And it’s something that Prof
Williams and Tom Kilburn always took a great interest in. When somebody had
made a contribution they always made sure that they acknowledged it. They were
very fair in that process and I tried to do the same, I don’t know that I succeeded
[laughs], but I followed on with their example if you like.

[05:30]

Did you have any PhD students who were particularly memorable?
… There’s one called Eric Dunstan who became a member of staff in the department
as well. And when you’re a member of staff you do get an extra year to take your
PhD but, you know, he was never quite satisfied with what he did and he really got
very close to the end period. I mean it’s something like five years where, you know,
you no longer become eligible to take your PhD, it’s taken so long to do, so I – but he
got it in on time and there was no problem in him getting it. It was just that he was
trying to be sure that it met his high standards. Er, and may I say that he left the
university, went to the States to a large firm, then started his own small company with
a group of people out of this large firm, and really went on to become a dollar
millionaire. So he really was, you know, quite an innovative character.
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Hmm. How many PhDs did you supervise?
I’ve never – I have honestly never counted the number at all, so I’ve no real idea but it
is quite a number.

How did you find the process of supervising a PhD?
Well, in most cases, you know, it’s you interview the student, you might suggest a
project or the variation might come from the student and so on. So in a sense you’re
taking a student on because you feel he’s capable, right, and so it’s really quite an
enjoyable time but, you know, it can be stressful when various problems occur.
Sounds like it’s quite a personal process.
It is, yes, it is, very personal ‘cause it’s just the two of you as internal examiner and
student. And, you know, how much do you contribute? I mean you are not there to
take the PhD every time, hmm.
Right. And these other duties, how much do they – how much do they impinge on the
amount of research work you can do?

Well, they impinge upon it because they actually take, you know, days out of the time
when you could be doing research, so there’s no doubt that it impinges, that any of
that sort of activity does impinge on the level of detail that you can actually do. But
when you start off doing a little of this activity there’s no problem, it’s when it
actually grows to, you know – that it then gets very difficult to actually spend the time
you want to spend on the research.

[09:10]

Last time we got up to the end of the 1970s. What research were you involved in from
that point on?
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Right, now, 1979 to 1982, Professor Sumner, Professor Morris and myself received a
grant from the SRC to develop MU6. Now at that time we had fallen out with ICL
over the, er, contribution that MU5 had made to the 2900 and so we were not in a
position to use ICL to help with MU6 in any way at all, so the whole of that design,
construction, documentation, everything was done in-house. What we were aiming to
do was to build something of MU5 capability but to build it in a small physical size.
And the reason we could start thinking of this was really the developments which had
occurred in integrated circuits, the amount of things that you could get onto one chip
and the speed at which they operated, both these aspects had improved significantly.
So if you start talking about random access memory, which I’ve talked about before,
you can now buy in – you can now get integrated circuit memory of a large size, er,
high speed, and you could – so in one module you could get four times the size that
was on the complete MU5, the RAM on MU5. So that was 128k bytes, so I’m talking
here of 512k bytes in one module. We decided in MU6 we would put two modules
minimum to interleave, to get better access time and things, and so there was eight –
in MU6 total there were eight times the random access memory, which is a huge
improvement you see. And if you go back to MU5, the large core store which was
interspersed to help the page address system, you know, was exactly that size. It was
one, right, megabyte of memory, right. And so when you come to MU6 all that
memory was now available in RAM at much higher speed, no point in having a large
core store, right, so we could go straight to disc. So you dispensed with the large core
store. Now the other aim was to try and simplify the design due to the fact we could
do things at high speed. And so if you start with things like the one level store or
virtual memory, what we were able to do here was to provide page address registers to
actually cover the whole memory, the whole random access memory, which we
hadn’t been able to do on MU5. And so that was provided in storage chips which
could – you could read successive addresses at about a forty nanosecond rate. And so
if you took something like 256 sequential – a chip with 256 addresses in, you could
actually scan through those very rapidly. And you have to scan, say half of them, to
get an average access time of how much it would take. So you would take 128 times
forty or forty-five, whatever it was, and this would be under six microseconds. Now
that wasn’t sufficiently fast to provide the immediate access to this thing, and so you
still have to have your current page registers to provide the immediate access but they
were completely backed up by this other fast system to give the secondary level of
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operation over the complete store. And these chips were – these buffers, as they were,
could be running parallel. So whatever size of the store you had, and we were talking
in terms of up to eight megabytes on MU6, you could provide all these page address
registers right across the system. So that was one change.

What was the advantage of that in simple terms?

Well, in simple terms you could make a more efficient system, right. If you
remember starting with Atlas people had complained that you had a large expense if
you wanted to have a higher memory system and that the Rutherford machine had a
bigger memory system and they paid the extra expense to have it. What I’m saying
now is with the development of integrated circuits it became economical to provide
those things to design them in the – you know, a limited space available as well, so –
‘cause it was not only the speed but the size of the space that you needed to put it in.
So that made big improvements you see, so overall much efficiency improved.

[14:45]

The second thing was that on MU5 I talked about the name store and the jump tray
store, which were both had associative elements in. And I think in the results that we
got, whilst we did achieve the speed improvement overall for ALGOL and things that
we were getting, I think we were a little bit disappointed in the level of efficiency we
got out of those devices overall. And so what we decided to try at MU6 was to go to a
larger buffer but a more conventional buffer, if you like, slaved to the random access
store in order to improve the access. And so – and this was done for both instructions
and numbers, right, operands, and there were in fact two such buffers, each consisting
of about 1k addresses, so sizeable and 144 bits wide to get both the – you know, to get
the – a couple of operands in or a few instructions in and things at one time. So these
were really very sizeable buffers and we expected to get something like a ninety-five
per cent operation, you know, efficiency with this. That is ninety-five per cent of the
time using the buffer, five per cent you had problems with going back to the main
store, and so this gave us a reasonably fast access time to these things. So that was
again – if you like, we were able to put much more buffer in because we could afford
it ‘cause the thing was available and cheaper, so it is again an integrated circuit
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development. In the secondary operand unit, which was dealing with arrays and
things like that, you had obviously to have some addressing process to select the
particular element in an array you were choosing, okay, and you had to be able to
modify that to select different elements and so on. And then having selected the
element and going to operate – do some operation on it, you would have to mask
whatever else was available in the word to separate out the element you just wanted to
do the operation. We were able to install those activities into the B arithmetic, which
was also there for modification as well, so we were able to combine some of the
SYOPS and we were able to simplify some – or reduce the size of the secondary
operand unit to cope with that sort of operation quite well with the – with this
arrangement. So a slight simplification in the organisation was another thing. And
then finally we included in the design a microprocessor, and the microprocessor, that
job, that could change all the bi-stable elements in MU6. So this meant you could set
up a register to do something, you could then – and you could not only set – read and
write the bi-stables, you could set things up. You could then control the timing
impulses going to it, and you could then look in the other registers to read the result.
So you could actually, as it were, check the operation of sections of the machine.
Now this was important when we were commissioning the machine ‘cause clearly we
didn’t have another – we didn’t have a complete mechanism to operate even, so this
was very useful then. But of course it was also useful when you built the machine and
there were a fault on, you could actually – you’d have some idea where the fault was.
You could then start to look more detail into this location and you could keep
programs to do that in the disc on the microprocessor. So not only there, but they
were available to use, so this was another development. So those are the hardware
things but of course from the software point of view there was the movement of the
operating system, the portability, onto this slightly different structure of machine. So
that very quickly summarises what MU6 was.

[19:15]

What was your own personal role in MU6?

Discussions of the sort of thing that we were doing but in terms of, you know, day to
day operation or design of circuits or, you know – but, if you like, deciding on the size
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of the memory and the techniques that were going to be used, yes, but the detail was
no – was left to other people.

How big was the team? Who was in it with these other people?

Well, with people on the software side, right, there were people, you know, so it
would be certainly three or four people on the software side and, er, without counting
me, if you like, I should say at least that number on the hardware side as well. There
would be other people who would have been involved in – we didn’t have a complete
capability for doing most of the wiring, if you like, in the platter as it’d been
discussed, or automatic, so there was quite a lot of wiring to do on this machine and
so we would be using technicians to do the wiring, which was mostly done with what
we called twisted pair, because these were a uniform impedance connection, okay,
which we needed to operate at high speed.

Did not having ICL involved have any other consequences?
… Well, we were just cross with them at the time, so – and they were cross with us
[laughs], so, you know, I think we just left it at that and we were – we in fact had the
capability to – you know, to get on with a job. It wasn’t the scale of the job that we’d
done previously or we didn’t have the fact that we were influencing, you know, and
affecting what other people were doing, because we didn’t have to have that contact
any more, so those aspects were missing. But, you know, at the time as I say we were
cross and so we tried not to think about it. Er, I mean all I can say is in fact we did
talk to somebody else about making MU6 but this was an Italian firm who worked
together with the Italian post office, and they were looking for a high performance
workstation essentially. But in the end, er, whilst they seemed quite interested, you
know, we decided really that the thing wasn’t viable from a sort of manufacturing and
sensible research project to do changes that they seemed to be requiring and so on,
right, so we decided that that was not a sensible way to proceed.

[22:50]

Do you remember what the firm was?
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That’s all I can remember.

How had your own career progressed in this period?
Well, if we’re talking into the – you know, we’re talking really the start of the ‘80s
and going beyond ‘82, which was the end of the MU6 if you like from the grant point
of view, at that stage the Alvey initiative had been announced and this was to sharpen
the collaboration between universities, other research departments, and industry, and
was also to ensure that there were developments in education and training which
would provide adequate resources for the increased demand for IT. So it had very
wide, if you like, implications and it was really a follow up to the Japanese – an
earlier initiative that the Japanese had done called the fifth generation computer
organisation or something like that. So the Japanese had already embarked on that a
bit earlier. But this was something which came from the government and it couldn’t
have come at a better time for us because I also became dean of science in 1982 – ‘82,
‘83, at a time when the universities were in not a very good economic situation, they
were having to make savings. And, for example, as dean of science normally at a
faculty of science meeting, which occurred about once a month, you’d have a small
group of people with – discussing fairly routine things which were doing with
variations in courses or perhaps some problems with students and, at some stage,
examinations. But these were, I’d say, fairly limited and fairly small but we had to
move the location of these to a large lecture theatre to consider, you know, the
consequences of the economic cuts and things. So the meetings were – then became
quite huge, right, and the dean had to report back from the result of these meetings to
the university development committee and so on, so it became much more of a –
maybe a much bigger job. A consequence of the economic things was that the
university has to lose staff. There were no compulsory redundancies but when a
member of staff left you couldn’t get a replacement, and a certain level of cuts were
imposed on departments depending on their size. In computer science at that stage IT
was a fairly thriving activity from an industrial point of view and so we did have, you
know, research students going to jobs directly, not wanting to stop on to do research
and things like that. We had members of staff who would be enticed away by the
improved salary and so on. So we found it very easy to make the cuts that were
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required. In fact within a very short time we would make more than the cuts required
but the impact of that was you all had to ask for permission. It wasn’t good enough to
just make the cut, you’d have to make a case to get permission to reappoint
somebody. And so, you know, you didn’t get a replacement for some time because
getting permission took a period of time. So it wasn’t an easy time and this Alvey
initiative, you know, came as manna from heaven if you like to the computer science
department because it meant we could apply for extra staff on the education and we
could actually submit projects, okay, to be considered. So there were engineering
technology posts, which were hardware and software, there were an engineering
technology, also development as well. Now, er, under the posts situation we went in
the period, let’s say, from ‘83 to ‘89, so it’s still quite a number of years, but we went
from a staff of thirty-five academically to something like fifty-nine, right, which was a
very significant increase. And that included an increase in the number of professors
so, if you like, the breadth of activity in the department was able to increase as well.
Student numbers went from 120 to – undergraduates, to something like 300 – 200,
120 to 200. Postgraduates also increased in number. Some of these being the result
of a new system design course at MSc level which was proposed and started to be
taught – but was a taught MSc, it wasn’t strictly a research. Although there would be
a project in the MSc, right, it wasn’t 100 per cent research as most normal MScs are.
We did have another MSc which was a sort of introduction to computing, er, which
there was also some pressure to increase the number of students on.

Pressure from where?
Well, pressure – I mean pressure in the sense that people were asking you to take
extra students in order to get the staff, you see, okay. So there was pressure for you to
do something to continue your existence, if you like, hmm.

[29:25]

Did the Alvey initiative funding come with any strings attached to it?
Er [pause]. I wouldn’t have said there were strings except that you had to do what
you said you would do, right. There were strings in the sense that, for example, on the
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engineering technology programme you had to attract donations from industry, right.
And this did require, for example, good relations to have been established with ICL.
And so over this period that I’m talking about, ‘83 to ‘89, I mean we did actually get
something, about two million I think in funds, right, from grants plus donations from
– I mean I think we got a machine from ICL, right, to help in the – in the
development. So there were these sort of constraints, if you like, that you had to, you
know, do what you said you would do and come up trumps. Now the engineering
technology building was a collaborative effort between, if you like, electrical
engineering and ourselves, between Professor Hoffman and Professor Edwards, right.
Now in a sense that was – part of the Alvey initiative was for VLSI, very large scale
integrated, in a general sense. Now I already said we were doing computer aided
design, right, and if you like that was part of our contribution. Part of the electrical
engineering contribution was the fact that they had a laser system which they built inhouse to actually do – make interconnect layers on integrated circuits and things, so,
you know – so these things were all going to take place now in the new building,
okay, so – and of course extra students and things were coming at the same time, so
this was all part of the process. Now that new building in fact was opened by Princess
Anne in the – on the 21 June 1988. Now that is the same date as the forty years
collaboration for the running of the Baby computer, okay. But at the same time we
had, if you like, an exhibition of some of the bits and pieces that had been built over
the years but also a timeline of photographs of the development of various machines,
the buildings we’d occupied, you know, over the time and so on. So it gave you a
picture of what went on, and Princess Anne looked round that as well with the vice
chancellor. And Tom Kilburn was at that stage retired but was invited back for that
occasion, you know, and myself, so we showed Princess Anne round on that occasion.
So that was again a very pleasant activity.

[33:00]

Now I should say I regard one thing as a failure for that event. For that event I had
planned to produce a Festschrift which is a – it’s really a celebration of achievement
for those years, right, and it was going to be in two parts. One part is I’d selected
twenty significant papers which had been produced over that period, both hardware
and software, so I’d not selected them on my own, I’d selected them in discussions
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with people, right. And that part of the contribution was fairly well advanced, okay.
We’d got permission to reproduce them in a published document, so we got
permission to publish them from all the people who’d actually published them. We’d
done all that, I’d made – some were quite detailed technical diagrams which were
very difficult to reproduce again, and so we used a photographic technique to actually
test reproduction on those pages and we got a good – quite a good result. And so we
were satisfied that we could reproduce all these in a nice format in part of the book.
And the other thing was to produce a comment by me on what had happened in that
period, right, but again not on strict technical developments, that was in the – that was
reproduced in the other part of the book, but more a comment on people’s
contributions and – and, you know, where we fitted in, how the development started,
you know, how it went on and so on. And in order to focus my attention away from
Manchester, if you like, we decided – I decided to do this with somebody – I can’t
strictly remember the name of the department but it was something like history of
science or something department, it was the James sort of department, right. And
they’d volunteered a man who I talked with, and so I was very keen to actually do
this. The snag was that we’d just come to the – and I talked to him several times and
we discussed how to start, if you like, on a chat basis initially to talk about sections of
the progress and to just talk about things that I’d thought of doing and seeing what his
reaction was and how it fitted in with other – what other people had done and so on,
and rely on him to do that, and he was prepared to do that and – but when it came to
the crunch that it now needed to be done he came to me and said he had to go in for a
heart valve replacement. And it was really – you know, it was really too late to get
involved with anybody else and so I do regret not having produced that. As I say, you
know, it’s a failure which I am really upset about because I’d talked with a lot of
people in the department, I’d talked with previous research students, I’d talked with a
lot of people, and everybody was enthusiastic and said we must have a copy when
you’ve produced it, right, and I failed them. So I – I’m quite upset about that.

[37:25]

Hmm. How did you feel at the time? It was sort of forty years of computer
development in 1988, how did you feel at the time about the way the history had
developed, and the way it was being considered?
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[pause] I think at that stage there wasn’t really a lot of problem. There were some
difficulties. Erm, I think early on – Turing had died, as you know, and there were
people who were trying to find out quite legitimately what Turing’s contributions had
been in various activities. And they came to Manchester and I think Tom Kilburn
talked to them about, you know, what Turing had done. But Turing had really come
to Manchester as a user of machines. What he’d done was to produce a handbook, a
user’s handbook, for the first Ferranti machine. That handbook was not a user
friendly handbook, hmm, and, er, Turing was quite a difficult person to communicate
with. He did stutter badly when, you know, he was excited and so on, and he didn’t
tolerate people who couldn’t follow what he was saying quite well. And so there was
a sort of personality difficulty but people – the people who came felt he should have –
there should have been more that he’d done to contribute to the design of the machine.
Now in the Ferranti Mark 1 there was a random noise generator. Now Turing had
actually produced the electronic design of that for Ferranti and it was definitely his
demand that that random noise generator should be put in. Now the difficulty from a
computing point of view with the random access – random noise generator, is you
never get the same result again. And so when you’re using it for test purposes you
can’t ever repeat the same test easily, right, so we found it much more – much better
to take pseudo-random numbers, you know, to take a section of a multiplication of
something number, and use that to produce your test numbers, hmm. So we never
were going into the ERNIE business, you know, right, and so I don’t think the random
noise generator was ever used very seriously at all. Er, there might have been one
other operation which was a sideways addition of the digits in a number, which
Turing contributed to, and certainly Professor Newman contributed to various orders
to make it simple to deal with numbers which were multi-length. And that activity
came out of the – his look really at writing a programme for Mersenne primes, which
were very long numbers, and so he had to deal with multi-length numbers. And it was
useful to have – useful would have orders like reverse the least something and most
significant halves in the accumulator, this sort of thing. So there was a whole – there
was a section of orders which Professor Newman had – you know, was involved with
on that score. And of course he had originally been involved in the patent on the B
tube operation so, you know, in a sense he was concerned with that. But if you like,
that was the sum total of their contribution, and somehow people don’t seem to be
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satisfied with this, and this sort of dissatisfaction has grown over the years with a
number of people who are, you know, interested in history and which they are putting
forward as a revised history of Manchester. Simon Lavington had already produced a
history, which they declared as the Manchester version, which should now be revised
according to there. Which one of the discussions was that there were never two
projects at Manchester, one arising from Professor Newman, which is no doubt it did
exist, and a different project arising from Professor Williams. So they dispute even
this, which I strongly, you know, oppose, that there were definitely two projects.
They start – each project started in a different place, they’re geographically separated,
but did come together in one place and then came together as a project. Our
interpretation being, due to the satisfactory operation of the CRT memory, hmm, was
the thing which brought the two projects together and the develops then occurred as
one project from thereon. So the history situation I still find, you know,
unsatisfactory because people are trying to put forward things which is their
interpretation and actually disagrees with statements which particularly Prof Kilburn
has already made and which, you know, I have no doubt are right.

[43:10]

Hmm. We could mute this little section for thirty years if you’d like but I’d just like to
know who are these people? It’s something that future historians will find interesting
to know.
I’m terrible at remembering names but it’s something like Anderson in Portsmouth
and another professor in New Zealand, who I think Anderson was a research student
for at one stage, hmm, and is director of, I think, the Turing Institute at Canterbury in
New Zealand.

Is it Jack Copeland?
That’s it, yes, yes. He and I have had some discussion. He is proposing a paper on
the revised history of Manchester. I’ve written him a section putting part of this right.
[break in recording?]. Is that okay now?
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Yes.
Right. Right, I mean he’s writing this on the revised story of Manchester computing
but he hasn’t published it and my document went in two years ago. Erm, he sent me
an email fairly recently saying he was still looking at this but he didn’t comment at all
on my – on the comments I’d made. He didn’t say whether he’d changed his mind or
whether he agreed with them or what. And I was really outlining my story for the
reason that there were two projects, right, and so he hasn’t actually published this but
I have the feeling that it might be published at some stage.

[43:30]
Now another change that occurred, I should say about the mid ‘80s, was that Derrick
Morris who was an important contributor on the operating system work and the high
level language work in Manchester, actually left us and went to UMIST in fact, right.
Now I can’t be sure really for the reasons for him leaving but he was quite a severe
loss to the department, and it’s the first loss that we’ve had at a professorship level.
Other people, you know, lecturers and things, we expected a turnover and so on, and
senior lecturers, and it was just normal, but to lose something Derrick at that stage
was quite a blow. But of course we were in a period of – this Alvey period of
continual expansion so, you know, we just had to get on with things really. In this
period there were two people, John Gurd and Ian Watson, who did become professors
at some time or other, I’m not sure when precisely, but they were working on a
project called data flow and this was a type of machine architecture which was –
attempted to extract parallelism from a problem. Now they certainly claimed to have
identified some problems where they could get, you know, a useful amount of
parallelism, I mean much more than the attempts that were coming from the small
amount of parallelism in the MU5 structure, right. So I’m talking – they had, I think,
thirty-two parallel computers built, right, and so, you know, they were talking of
achieving something I feel – what I remember in the twenty odd region for particular
– for a particular sort of problem. But, you know, they are the people to talk to about
that activity. There was another activity also going on at the time which was the
transputer, which was a computer on chip made by INMOS but it wasn’t just a
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computer on a chip, it had some communication on the chip, and you could link chips
together through this communication system. And so there was a feeling that perhaps
this might have some contribution to parallel operation as well, and so that was being
looked at. And in the background there was an EEC programme on IT called Esprit
but this was largely industry oriented, although one or two people in the university I
think through their contacts with industry did have some input to one or two of these
programmes. But again, the detail of that, you know, I’m not the person to talk to but
just relating activities which were going, you know, on at that time.

[49:00]

Now when it came to October 1988 clearly with getting this exhibition going, the
opening of the new building, and then in September of that year I retired. I retired
early having done I think thirty-eight years and nine months actual work in the
university, in the one university, as an academic, hmm. So I nearly completed my
forty years, so giving me early retirement was a very cheap process [laughs]. Some
people who I discussed the thing with from time to time have wondered that I stopped
in one place all my working life. But I personally found it very satisfactory for what I
wanted to do. I found I could make, you know, overseas visits, give lectures, go on
visits, work with industry, do jobs which I was interested in to have them built,
consult with various people, and also have a certain amount of independence in what I
did. So I was very pleased with my job and whilst I did look on occasions at one or
two other activities, in the end I decided I was better off to stay in Manchester. And
faced with the same sort of situation again, the strongest thing I can say is I would do
the same thing again. Of course things never do change the same, so you can’t really
promise that [both laugh].
That’s four decades nearly of service to the same university. What were the biggest
changes you witnessed in the university in that period?

Well, I also was there as a student and it was just really in 1945 I went as a student, so
it was just after the war. And so the changes from that time were very significant
‘cause at that time we were still on rationing, so being a student in a hall, you know,
you were on fairly severe rations and you got an allocation of milk each day, you
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know, and, er, you kept saving up coupons from home to buy a tin of stewed steak for
the weekend or something like this. So there was the feeding point of view, er, there
was the, you know, fog in Manchester which of course with the smoke, you know,
was a serious hazard. Certainly in 1945 you could literally only see, you know, your
hand in front of your face and so that has – you know, I’ve seen a complete change in
that, you know, that’s gone completely, and so that aspect’s gone. Of course in those
days too, your lecturers were quite a number from overseas, hmm, quite a number
who were – had some sort of disability because they obviously weren’t in the forces
and so, you know, these caused problems to students in lectures and things but they
did their best. And so, you know, over the years that’s completely changed to where
you were seeking the best people and all the rest of the thing, so all of that has
changed. And of course the scale, you know, I think when I went into physics there
were something like twenty or thirty and I mean now, you know, you’re up in the
hundreds of students, right, intake. So, you know, the change in scale in just
tremendous, the change in building, the whole atmosphere of change from a carbon
black [laughs], you know, stone institute to a much pleasanter campus really with
things spread out over a much wider area. So, yes, there have been some very
significant changes.
As well as nearly forty years in Manchester it’s also forty years in computer
development I notice. What do you think were the most significant changes in that
period?

The outstanding contribution to computing I think has been the integrated circuit. So,
you know, technology has made a wonderful change. There was a time that, you
know, users – [telephone rings]

Can I just pause it. [pause in recording]

Okay, is that okay now? Right.

We were talking about integrated circuits.
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Oh, just on reflection there have been two developments I would say. The first was
the actual creation of the random access store, you know, the achievement of that.
That made a frantic step function for a lot of people in the ability to actually get a
general purpose computer, the fact you could have a programmed computer, you
know, which could do a variety of jobs, that was really a very big step function. And
the other big step function I think is the achievement through integrated circuits of
such a change in that memory that the thing is almost, you know, magical, right. The
extent of the memory you’re now able to provide is amazing and this has had all sorts
of results, which is – it has made computers so much easier to use, right. In the first
instance you were having to, you know, use people who were mathematically trained
to use the machine. You know, now almost anybody can use a machine, and that’s
come about really through the availability of memory to allow all sorts of jobs to be
done and all sorts of things to be available readily.

Such as?

Well, just for taking photographs, for example, the ability to store your photographs
on a computer, to be able to file them and look at them, expand them, process them,
hmm, do all sorts of things to them really, morph them from one face to another and
so on, this sort of – so I mean that in itself is amazing. The fact really that, you know,
you can handle all your letters, you know, word processing is another huge thing.
Simple financing through things like, you know, Excel and so on. Er, so I think, yes,
so I think – I mean then of course there’s music, you can organise your music through
that route.

Did you foresee any of this when you first started in computing in 1948?

Oh, no, the thing that you were stuck with initially was, you know, computing, doing
mathematics if you like. Er, but of course even on the Ferranti Mark 1 various
research students did use the line printer for producing their thesis, right. Now the
word processors were very crude, and what they could achieve was very limited
[laughs], but of course it saved having to tell the secretary to redo some typing. I
mean what it must have cost is another factor of course.
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So you actually had a word processor on the Ferranti Mark 1?
Well, I wouldn’t have said we had a word – but some people were able to, you know,
produce documents and things like pages of a thesis, yes, on the Mark 1.

What did you think of it at the time?
Oh, we thought it was scandalous at the time, yes, ‘cause if you think of the cost of a
line printer in those days, you know, it was …
Do you remember any people individually? I’d be really interested to see if the theses
are there in the library having printed out that way.
No, I – there’s no real remembrance of that. I mean I can’t – I can’t say that
somebody actually produced the whole thesis that way but sort of attempts were being
made, hmm.

[58:30]

What surprised you most about the development of computers in this period?
… I think what surprised me most of all was the lack of acceptance of the use of
computers for a very long time. This continued, you see, beyond Atlas. It wasn’t
really – it wasn’t really until you got beyond the mini computer, that is the start of the
microprocessor, I think that really the real interest, the general interest started to
expand. And of course that was the availability of something which could compute
but which was relatively cheap, hmm.

What did you think at the time, you know, as someone working in cutting edge
computer hardware, of these microcomputers that were coming out in the early
1980s?
I’ll be honest, rubbish [laughs]. The early computers, yes, yes, but, er … they did
develop apace.
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 321
C1379/11 Track 12

Why rubbish?
Well, I mean I don’t think they were particularly easy to use, you know, right. And
they were limited in – you know, they were limited in size. I mean some were even
four bit, as low as four bit, so – but when I say rubbish, you know, we did have the
odd one or so in the department at the time to just look at it, so to speak. Er, but I
don’t think even late on we believed in the extent that integrated circuit technology
could be developed.

How so?
Well, it’s – I mean there did come a time when you could talk – you know, you could
think of a computer on a chip, right. But, you know, there were quite a lot of
technical problems associated with that if you think about – I mean you look at the
interconnections that are required, you know, on the back of a chip in order to do that.
That in itself is a significant problem and whilst we worked, for example, on flat panel
displays very early on the real difficulty was getting the associated electronics to the
necessary contacts, you know, to make that, and that was a serious problem. And of
course that’s essentially now been designed in the process, you know, so it’s – makes
it a lot simpler.

Hmm. What do you think the future holds for computing?
Whereas I’d like to be able to answer that question you must remember that this is my
twenty-second year in retirement, right. Now I’ve not been a Professor Wilkes, I
haven’t continued trying to be active in the computer field for a long time after
retirement. I took the decision to – you know, to take – live my life with the family,
right, that’s a decision I took. So I’m not really in a position to answer that at all
‘cause I’m not au fait with where we are at the moment, hmm, okay. So I’m sorry to
disappoint you on that score.

[1:03:10]
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Oh, not at all [laughs]. What do you regard as being the high point of your career?

[pause] I think Atlas was a machine which was, as it were, so far in advance of its
time really, I felt that it wasn’t really appreciated at the time. And when you get
comments like from a fairly senior scientific advisor that the whole of the country
didn’t need, you know, more than one Atlas, right, you – you appreciate my other
comment which is that really there was no appreciation of computers and in fact quite
a strong opposition to them. I mean the opposition was probably concerned with the
cost, which at that time was very significant, okay, but nevertheless that was the story.
Costs would have come down if many more had been produced but, you know – so I
felt Atlas was a high point. I think both MU5 and MU6 are both, if you like, in terms
of achievement also quite significant but nothing compared to the scale of
improvement in integrated circuits which, you know, we’d been exploiting if you like
in making those improvements. So that I do consider to be a very, you know,
significant development.

Why else did you regard Atlas as the high point?

[pause] Well, if you like, the number of contribution I felt I personally made to Atlas
and, as it were, the amount of detailed work that I did on it. So I think that’s – it was
a high point for me, right.

Could you turn for a moment, picking up this point about your detailed contributions
to Atlas, to talk about how your career changed after that point?
Well, I don’t regard anything as having changed at a particular point in time.

No.
Right, it just as it were – as the years go by these things happen, right. You get more
senior in your job, you get involved in more management decisions, and these
gradually creep up on you and you suddenly realise that I’m not spending the time,
you know, that I used to with my people who are doing this job, hmm. So I think
that’s the – that’s what actually happens. And in a sense, you know, when it comes to
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detailed circuit design and technology and that sort of thing, you know, we’d been
through, as it were, thermionic valves, discrete transistors, various levels of
integration, all of which have required, you know, different level of understanding of
how to optimise your designs in these terms. And so as you get older, adapting to
these changes is not quite as easy, right, so you find that you naturally find yourself
more remote from that activity.

[1:08:00]

How did your duties change when you became head of department in 1981?

1980. Tom Kilburn relinquished the head of department in 1980 and I took over, so
we had a year’s overlap before he retired. And the same thing happened, if you like,
with me. I retired as head of department in 1987 and – but didn’t retire fully till
September 1988, so again there was a year overlap with John Gurd who took over the
head of department. So that was useful, as it were, in order to smooth the takeover
procedure. How did your duties change? Er, well, I mean, you know, you had to
chair departmental meetings. You were in the chair and had the final say when it
came to examinations and things like that, you know. You were on various
committees in the university, you know, as head of department and as dean of science
as well, you know. You were also involved in more, you know, university activities.
So, you know, that’s what actually happened. Er, I mean generally speaking, you
know, when cases and things for doing things went forward they all had to be signed
by the head of department. So, you know, you’re involved in – you know, if you’re
happy to sign something you need to read it, right, and so on. So yes, so, you know,
that sort of procedure.

Hmm. Can you talk a little bit about the colleagues who you think have had a
significant influence on you in your career? Are there any you’d pick out in
particular?
Well, in the early days I’d been a student with Tommy Thomas, I’d been appointed to
assistant lecturer the same time as him. We’d worked on the – you know, we’d
worked on the expansion of the Baby, we worked on the Mercury together, er, and
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we’d done similar lectures together, so we dealt with students together as well, so –
and of course we’ve remained friends ever since. We’ve, you know, been together
ever since, so Tommy Thomas I would regard as important in the early stages of my
computing career, and we’ve kept in touch ever since. Pete Hoffman was also
somebody that I met very early on. He worked on – er, I worked on cathode ray tube
storage, he worked on examining further the principle of storage operation in the thing
using vacuum technology, so he and I had quite a bit of contact in the early days.
When we – you know, later we both became professors. I think I became professor
first but he became professor later, and he did work on things, he worked – Professor
Hoffman worked on things like the flat panel display panel, he worked on things like
the plated wire magnetic memory, right, so he worked on things which were important
to me, right. So he was, if you like, a different group in the department but working
on things which were important for the development of computers, so he was quite
important. Other people like Tony Brooker weren’t important to me on a day to day
basis but they were important to me for the influence they had. For example, on
introducing user friendly computing, for starting to introduce autocode languages in
Manchester, for, er … you know, his general contributions really in the software area
really. Whilst they weren’t part – whilst they weren’t of what I was concerned with in
detail they were important in, you know, factors affecting what we did. So, you
know, he was quite important. And then of course there were all sorts of other people
who came through as students who’d worked – you know, I’d lectured to and then
worked with as research students, things like this. People like David Aspinall, who
became a professor at Swansea and then at UMIST later on. People like Michael
Lanigan who worked on MU – worked on Atlas but then went to work I think for
Plessey. People like Yao Chen who worked partly for the university and also for ICL,
and then went off and now runs I think a software company in Brussels. These were
all important people in – you know, in the activity. Derrick Morris again, you know,
his contribution to operating systems and things. His interaction, you know, when we
were doing hardware and software on Atlas, you know, he would be in part of the
evening and I would be part of the evening doing something else, you know, when he
couldn’t work because we were switching the computer on or off or we were doing –
you know, we couldn’t run it whilst we were changing something. So there were sort
of bones of contention there with the takeover time and all this sort of thing. So, you
know, all the people that I mentioned, people like Ianto Warburton who was sort of a,
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you know – an early friend of mine from being a student and then I came across, you
know, contact in the computing area and so on. So all these people were – you know,
made interesting and important contributions I think to the overall, you know, friendly
team which existed. And of course the team did change, you know, people did leave
and so on, so the team did change all the team, so it was dynamic process.

[1:15:00]

Hmm. Do you think there are any colleagues who had a particular personal influence
on you?

I think the man who had the biggest personal influence on what I did was FC
Williams, Professor Williams, right. He certainly enthused me in my third year,
enthused me to the point where I wanted to do research on what he’d been talking
about, right, or using what he’d been talking about and so – now after that I regarded
Tom Kilburn much more as a friend because when I joined with Tom Kilburn he was
actually a research student. I mean he was a seconded engineer from RRE, so he was
a very experienced research student but nevertheless, you know, I was reading his
PhD thesis to point out spelling errors and things, right. And, er, so I regard – I
always regarded Tom much more as a friend, right, although, you know, he was an
important, you know, man involved in the things I did and how I developed. Er, but I
always regarded him that way, it’s just one of those things really and he was always
very friendly with me. I’d like to recall – I’ll just explain to you, I recall an incident.
I was appointed assistant lecturer very young, twenty-one, right, and due to, you
know, the university system and so on, you are normally appointed for three years.
Due to I think a clash of other sort of, you know, appointments which would have
made it difficult to appoint, I was appointed for a fourth year as assistant lecturer, so
was Tommy Thomas. And of course this was unusual and it was really meant in part
– in the university you understood this to be a favour to you to allow you to get
another job, right. But of course, you know, Tom then went with me to see FC
Williams to say, you know, how did this happen and all this sort of thing. As I say, I
think it happened due to some administrative complication and the number of posts
available that year or something, so it was explained as an involved thing and it did
mean that I was going to not get a job at the end of the fourth year, that I was expected
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to leave, right. And so when that was explained I certainly put up with it, right, but he
came with me to see – you know, to see really what the story was. So he was
certainly important to me on that day.

What was your working relationship like for, you know, the next twenty years really?
He’s your boss for a long time, I noticed [laughs].

Oh, yes, yeah. Well, he and I got on very well and I mean he entrusted me with
things, I think as I mentioned already, from quite an early stage. I mean before I was
a professor or something I was certainly perhaps a senior lecturer, you know, I was in
charge of the finance, right, and so on. So as I say, Tom was the boss and he would
discuss it with you but I just kept the records and dealt with people and things like
that. Not that I would say I did that, you know, 100 per cent satisfactorily ‘cause I
think those people that went to Tom and said, ‘I don’t agree with Dai over this.’ But it
was always resolved amicably, right, so that was the state really. Yeah, I mean lots of
other people didn’t last with Tom for very long. I mean I remember one person who
had worked with Tom on the transistor machine and he went in to say to Tom – really
what he was wanting to say was I want a rise, but what he went in to say was that he
was applying for a job with another university. And Tom just got up and shook his
hand said, ‘I hope you enjoy it,’ you know, right. So, you see Tom had already made
his mind up that having worked with him that really, you know, it wasn’t a key person
in continuing with. I assume since I lasted that long that I didn’t come in that
category [laughs].

[1:20:15]

How did you feel when you took over as head of department?
… No change really. I mean Tom had always discussed things fairly extensively with
me and all I can recall is Professor Sumner, who was another professor in the
department, said to me after a year, he said to me, ‘I expected a big hiccup when Tom
retired but I haven’t noticed anything.’ And so I felt that was a huge compliment,
hmm.
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I’m interested in something you mentioned a little while ago talking about opposition
to computing and computers. Where do you think this opposition came from and how
would you characterise its nature?
… Well, I think it was a lack of appreciation of what computers might be able to do,
and the fact that the sort of computers we were interested in were fairly expensive. I
mean they started off with the Mark 1 at, you know, over 100,000 pounds. Now you
might say was that a lot of money but I mean I know from the fact that at the time ICI
had to get board permission for spending money on equipment which was over
50,000, right. So you see the level of problems, even in industry, right, that when
they were interested in buying a Mercury, you know, would have to go right up to
board level to get permission. It wasn’t something which, you know, a managing
director somewhere could just authorise, so I think cost was a factor. Erm, I think the
fact that, for example, when it started analogue computers had been going for some
time and certain people had entrenched views and they didn’t want to start – they
were feeling they were getting something useful out of analogue computers and they
didn’t really see the reason for changing, hmm, from them until things, you know,
looked to be more urgent, that either they couldn’t do their work – and there were
some people in the category using computers, I mean where they couldn’t make
progress, as I already mentioned. The atomic energy were one and x-ray
crystallographers were another group who were just desperate for computers, right,
which was quite a difference you see. So, yes, there were people who were desperate,
people who were quite satisfied with what they were doing and didn’t see the reason
to change. Other people, and particularly the finance people I suspect in all aspects
who felt that the cost of using these things was just too much and therefore they
couldn’t be – they should not be contemplated at any time, you see, hmm. So I think
there was the – and then the general difficulty of, you know, using these things. So I
think all these things combined really to make a variety of people, so that when you
wanted to do something, you know, the first comment was, well, why do you want to
improve the speed, you know, it’s going to be costly and it’s, er, you know, we don’t
really need more than one in the whole of the country.

[1:24:30]
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Do you think – have you ever had problems talking to the general public about what
you’ve done with computers?
… I don’t think I’ve ever really talked to the general public in that sort of sense, er,
except on the occasion that I gave my television broadcast where I was really talking
to students, you know, about things in a very general way. To interest the public I
think what you’ve got to be showing is that you can, with a computer, produce
something which they’re interested in. I mean very early on people started to use
computers for computer art, to generate pictures, right, you know. That was a very
early development, something quite different. Erm, but of course the ability to, you
know, produce plans, to scale plans, and do all these things – and of course as soon as
word processing came in, you know, the flexibility of what you could produce, and
from a publishing point of view, the whole improvement in printers so that, you
know, you could stop having to set up printing presses in the old fashioned way to do
these sort of things. I mean all these things which could then be run by computers,
you know, all improved the situation tremendously. And so I think the turning point
was the microprocessor really. It didn’t really start to change at the mini computer I
felt. I think there was an improvement in the mini computer, you felt that in
expensive instruments you might start to put in a mini computer to save yourself a lot
of trouble and improve reliability. But it was really the microcomputer that made all
the difference, so when you could start putting things in, you know, in car engines and
this sort of thing, you know.

When did you first get a microcomputer yourself?

In the department I think my first computer was an Apple Mac, okay, which I used for
handling the finance, okay, and I could do it myself you see, hmm. And then of
course for word processing, for producing documents. Obviously my secretary could,
you know, could do a lot of these things but there were some things which were
confidential and so, you know, I could separate out that activity. ‘Cause again, time
to time secretaries changed and whereas you might get somebody who’d been there a
long time, the, er, you know, you couldn’t always guarantee it and for security
purposes, particularly then when you’re talking, you know, a large amount of money
or developments in the university which you didn’t want spread around the
© The British Library Board

http://sounds.bl.uk

David (Dai) Edwards Page 329
C1379/11 Track 12

department, you know, these things which were coming down for discussion, before
they were matters of fact really, they were matters for discussion in the – say the
university development committee. Then you would want to keep these to yourself,
so – I don’t know when that would be but it would certainly be ten years before I
retired, hmm, about 1978, something like that.

Hmm.

[End of Track 12]
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Track 13

I was just saying, Tom Kilburn never had a personal computer at all, never used one.

Never?

Never.

After retirement?

Never, never.

Why?
I don’t know why. You know, I honestly don’t know why but, er … that was a fact. I
mean in a sense it might have been one of these things where there was a limited time
to go and he felt he’d rather not get himself involved [laughs], you know, to say he
was actually – you know, had a computer himself.

What sort of impact did the advent of the personal computer have on the work you
were doing?
Well, I think it had quite a big impact in the teaching ‘cause, you know, we obviously
went from people who were using terminals, you know, to where they were using
individual computers. So it certainly had a big impact in the teaching, what we were
doing, right. And we did initially try to use fairly sophisticated computers rather than
the basic PC, if you like. So they were more a sort of a sub-workstation computer that
we got in initially, hmm, but we certainly then moved to PCs as they became
obviously financially available, hmm. And as the numbers of students went up and
things like that.

What about the impact of personal computing on computer development? Do you
think there’s been any change there?
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… I don’t know of any development that personal computer has made to large scale
computing, right. Er, I mean the personal – I mean what I feel is it is quite surprising
that the personal computer basically has the structure which we had in the very early
machines, right. It doesn’t have the software, right, and it’s much more – it has much
more memory, right, but the structure is really, you know, very similar.

Why do you find that surprising?
[pause] What I think is it’s surprising that we sort of so nearly got it right very early
on. I mean – what I mean by that is things like, you know, the ability to modify
addresses and the – you know, the random access store and the backing store. That’s
when I say the things are the same structure, that’s what I mean in particular, you
know, that they still operate on that sort of a basis, hmm.

[04:13]
I noticed that there isn’t an MU7.
Well, I mentioned to you the sort of change … in the environment really, the – with
the Alvey thing coming, right, there was pressure on things like man machine
interface, so that, for example, I mentioned the graphics unit had been set up. For
example, the director of that moved into computer science so, you know, he could
take a more academic view in the man machine interface and things, and that – the
unit has gone on into virtual reality and things. So the man machine interface is
changing, you know, in that respect. Erm, the … reason that the things were called, if
you like, MU from one to six, right, was the fact that some of the people were the
same all the way through, okay. So it was the sixth computer, do you understand, that
they’d been involved with, hmm. Not absolutely true, since I personally wasn’t
involved in the transistor computer, right, the first transistor computer which – ‘cause
I was doing Mercury at the time and that was built at roughly at the same time and
was a much less capable machine. It didn’t have any random access store, it was a
machine on a disc. It was really built to test out transistor circuitry, okay, so that was
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the emphasis on that. So it’s not strictly true but that’s the emphasis. Now when you
come to things like MU7, you know, I mentioned the John Gurn machine which is
data flow, this was his first machine with Ian Watson and that was the data flow
machine, do you understand? So it wasn’t – I mean in the sense that it was in the
department it was an MU7 but it wasn’t MU7 because the people were completely
different, hmm, okay. And so, you know, the other activities then, you know, if you
like – I mean Steve Furber, you know, who has taken over the job from me, I mean
he’s concerned with making integrated circuit computers and things and a low power
and various sorts of activities, but there’s no emphasis there in calling these, you
know, by an MU number. So really the emphasis came about that there was a
coherence in all this development, right. Things have become much more scattered, if
you like. As the department’s got better things have become more scattered and
different, and don’t follow on in the same way, do you understand? So I think that’s –
I mean – and in a sense there was a coherence, you know, through to MU5 that
Ferranti, you know, was involved in the Mark 1 and the Mercury. Ferranti was
involved in the Atlas, you know, Ferranti was involved, or ICL then, in the MU5. So,
as I say, that coherence enabled us to label the things the same but once that had
disappeared then there was no indication that the thing should continue in the same
way really. So – ‘cause the department initially, in the sense of making computers,
was one team. As soon as you broaden out your activity, making computers, you
know, changes, that – in the sense that you are looking at quite different aspects of
what you’re going to do.

[08:30]
You might, for example – I mean one of the things that changed, for example, was we
appointed a Professor Cliff Jones who was interested in formal logic. Now in formal
logic you are interested in defining what you are building in the computer in strictly
mathematical terms. And the simple aims of that were the fact that if you had a
correction to make to a machine that you could apply the correction in mathematical
terms, which would mean when you did it, it would be right, okay. But the problem
with it is when it started off you could only define the machine, or you could only
define part of the machine, you only defined a very simple – a small amount of the
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machine. Now I did believe that RRE actually built, er, a computer using formal logic
on a chip, right, but – now it should have been absolutely right but like all things, you
know, you can never get it absolutely right first time. And I do believe that they did
discover – when they built it they did discover an error in it, okay. So, you know, this
is a stage of the development, so the department did start working on formal logic,
and later there became two professors of formal logic. And then later on Cliff Jones
left, so he was another professor who left at that stage and went to Newcastle, you see,
so things become much more dynamic in a sense and – and things change. And what
things get called, you know, in some cases they don’t want to necessarily associate it
with history ‘cause it’s not a development from the past, it’s something new and
different, do you understand? So I think all these factors come together to make sure
there wasn’t an MU7.

[10:40]

Hmm. Did you notice any other changes in the way that research was done by the
end of your active career?
Well, I mean there’s a lot more simulation of what you’re wanting to do on existing
machines, you know, machines that existed. So a lot more, as it were, preparation for
– before you would sort of start spending money on something to know that you were
at least making a reasonable approximation to what you were aiming to do. So a lot
more of that sort of activity going on. Erm, but in the end people still, you know,
checked out the machine. You checked it out as far as possible by program and test
programs and all the rest of it, but in the end when you had to get down to the nitty
gritty you needed to use an oscilloscope, you know, that remained to the end as far as
I was concerned. And developments of the oscilloscope like sampling techniques and
all this thing to – you know, so that you could take an approximate picture of what
had occurred.

Sorry, sampling technique?

Well, you could do this at a much higher speed.
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Sorry, could you explain this a little more for me please?
Er … with an oscilloscope you’re – it’s an analogue device and it enables you to look
at a wave form. With a sampling technique you use a thing where you actually only
take, as it were, something which you regard as a plot. You’re plotting points on the
wave form itself, you’re not reproducing something that – you’re just plotting
particular points on the wave form. And with that you could look at higher speed
events, it just happens that the design of an instrument enabled you to do that, okay,
and so – but the really useful technique was enabled you to set up – I think was to
enabled you to set up bi-stables in the computer and then control the clock – you
know, the clock or the timing pulses to actually do the thing, either more slowly or –
or, you know, at a similar rate or whatever in order to sort of get at the detail of what
was causing the fault.

Hmm, hmm. Do you think there has been any change in emphasis in computer design
over your career?
… Well, there’s certainly been change – quite a big change of emphasis in, you know,
in the design. Er, I mean speed is a factor that has always been important but the
nature of what you’re designing has changed, and I mean in particular with MU5 there
was the big change in trying to do something for the languages, you know, the design
of the computer to suit what people are trying to do. So you were trying to adapt to
the problems that existed and I think, you know, this would probably continue, you
know, er, but identifying, you know, identifying those sort of things can be quite a
difficult process.
Do you think there’s been a change in the relationship between software people and
hardware people over that period then?

[pause] Well, one significant change is that engineering people have to use computers
to make their systems, right, er … so that’s a significant difference. An engineer has
to be a computer user, right. It might be using special software as a simulation and
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things like this but he has to be a computer user, erm, so that’s certainly a big change.
On the software side, er … people of course are trying to look at the thing from as
simple a level as they possibly can in order to say we don’t want to get involved with
the details that the engineers are providing, in the sense that they want to say I want to
design a system to solve a user problem. I don’t want to be – have engineering factors
impose that on me ‘cause when we’ve got to a simple method of the user stating his
problem in this, whatever I’ve done, we want to translate that into hardware, and
that’s another job, hmm. Now that job is – you know, you do need to have obviously
sympathy for both engineering and software really but, you know, I understand there
have been some problems already in that area in high level languages where
something they described hasn’t been able to be implemented and translated properly.
But, you know … it’s useful to have people, you know, who can span both – both
areas, hmm.

[17:00]

I was interested when you were talking about engineers becoming computer users. I
was just wondering if you think there’s any change in the engineering mindset that
comes with that.
Well, if you look at, you know, your engineering magazine that comes there’s, you
know, completely – a complete system now for being able to run teams and all this
sort of thing, and management software and all that sort of thing, so it’s without doubt
that it has to be a completely different mindset to use all these facilities, hmm. So you
have to adapt yourself to these changes really to – in fact to progress in whatever
you’re trying to do.
Do you think that you personally –? Let me put this another way rather, how would
you characterise your own way of thinking about a problem?
… Give me it in the bath [laughs]. Why I raise that is that, er, when we agreed under
Professor Williams to sort of help somebody like Ferranti, and the help was – came
under the title of a consultancy, which is a very high sounding term but perhaps
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wasn’t quite, you know – I did understand that it could be at a high level but it can
also be at a low level, and certainly when we started the help we were giving was
certainly at a lower level, hmm. But FC always said, ‘If you have an idea Dai to do
with something that you’re doing, you always have it in the bath in your own time.
You don’t have it when you’re consulting, because if you have it when you’re
consulting it belongs to the firm whereas if you have it in the bath it belongs to you.’
Hmm.
Do you think you’ve got a particular way of thinking about problems?
I think if you’d asked me that question twenty years ago, you know, when I was
coming to the end of my career, I could have discussed it but I think now it’s a dim
[laughs] – it’s too dim to really explain it in any sensible way.

Okay. Shall we return for a moment to your retirement then?

Yeah.
Sorry, so you retired in 1980 …?
‘88, I retired September ‘88. And since that time, as it were, there have been a few
things in the department. I mean I retired officially but I mean at that time I was
declared an emeritus professor by the university, which means I could continue to use
the title professor but it also means I’m unpaid [laughs]. And of course I was made an
honorary fellow in the department, which means that they gave me an office, not my
original office as a professor’s office, but I had an office in the building and I did go
in about twice a week for quite a long period of time. The honorary fellowship lasted
five years I think, and I did go in quite a time, but towards the end of that time I had
problems with relatives’ ill health and things like that and I found that the time I was
spending previously going into the department, I was spending – you know, involved
in relatives and things, so it tailed off after – certainly after five years. Erm, one of
the reasons for going in was I was still having meetings with Tom Kilburn at lunch
time, and also another friend who was the professor of organic chemistry who, whilst
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we were in harness, both of us had had lunch with on a large number of occasions.
And when Tom’s wife died it was Hamish Sutherland who – this man, plus myself,
who agreed we would talk with Tom and persuaded him to come in once a month –
once a week to have lunch with us and to just chat in general, to, sort of to keep him
in touch with the university. So, erm … after retirement, after my retirement, Hamish
didn’t retire the same time as me, after retirement I still, you know, called in and still,
when I was going in had lunch with him again, so that sort of thing.

[22:40]
Erm … I attended the fifty year celebrations of the operation of the Baby and gave a
lecture, I think as a number of other of my colleagues did at the time. And really
when I went in I gave a sort of introductory lecture to the new recruits that had been
coming into the department, so it was an non-examinable – you know, it was just an
introductory like. So I did that a couple of times as well. So I did a few things like
that and I talked with a few – you know, with a few members of staff about what was
going on and things. Then in the millennium year, 2000, I received a DSc from the
University of Glamorgan for my contribution to computing. And in 19, er – and then
the sixty year celebration, which was in 2008, the university gave me and some of my
colleagues of the same era, early computing era – they awarded us the medal of
honour, which was a – I think that was an award created by the new university where
the university – the Victoria University had combined with UMIST, so I think this
was an award which only came when that took place, so it was just then a few years
past this in that team, and so they awarded it to us. And we also got a medal from the
British Computer Society at the same time, at the same stage, so that was quite
pleasant. So that was after retirement, there was just a few, you know, little things
that have happened. Er, after retirement from my own personal point of view – I
moved just slightly before retirement to Preston. The reason for that was that my wife
was taking a job in the Royal Preston Hospital, hmm, as a … a senior registrar, SR.
And then I travelled into work for the short period until I actually retired, and of
course whilst I was going into the university I travelled back from Preston to the
thing. In September ‘91 my wife became a consultant in histology at Blackpool and
since they liked their consultants to live within a certain area – a certain distance of
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Blackpool, we needed to move, and so we moved halfway between Preston and
Blackpool, to Catforth, which we – where I am now, okay. So we’ve been there ever
since – we’ve been there ever since 1992.

[25:55]
‘93, so this was quite a time after I’d retired, my twin daughters were born, which was
obviously quite an event. Er, and after that there’s a period of a whole host of deaths
of all sorts of colleagues. It’s 1993, I think we went to – January 1997, Derrick
Morris died quite unexpectedly, still in harness. Then in ‘99 Ianto Warburton died,
then 2001 Tom Kilburn and also Hamish Sutherland died. And in 2003 my wife – my
father’s sister – remembering telling you my favourite aunt, who’d been very good to
me as a child, she died. Then other characters, Dick Grimsdale, who was younger
than me, he died. 2007, Hilary Kahn died, and in 2009 a whole host of people, Brian
Napper, and Dick Vogle who’d worked with us a long time, Peter Hall who had been
the managing director at West Gorton, and Harold Hankin who’s been the principal of
UMIST died, all in that year, so really it was, you know, a whole series of bad time.
Now the only thing I can say is to lighten the effect of that, fortunately my family,
which was a young family, there was a certain number of achievements. Erm, 2006,
Helen graduated at Cambridge with a BA in classics. 2007, she got a graduate
diploma in law from City University in London. 2008, she was called to the bar at the
Miller Temple for passing her bar vocation certificate at the City of London also. In
March year this she got her MA from Cambridge but she also got an LLM, which is a
master’s in law, from City University, so she’s been very busy. And of course this
year I’ve also got my twins sitting their GCSEs, so that’s another May and June, you
know, activity to live through. So really, as I say, my family has provided me with a
lot of action, which is very good really. Keeps me, you know, active and thinking
about things all the time. Even if I am sort of having to do homework again [laughs].
But fortunately they are very good. The amount they limit – the amount they ask is
very limited and the reports we get from the school about the amount of coursework
they do and how very well they do, I find amazing. So, yes, they are very – they’re
very good. They’re different from Helen, who is the eldest girl. The twins work hard.
Helen had a fantastic memory but she never did things till the last minute, right, and
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always seemed to do very well. I remember going to the, er, school for the A level
mock examinations and the maths teacher said to me, ‘Oh, she’s going to get an E in
maths.’ And I said, ‘How do you possibly explain that? She never does anything’
you know, ‘she’s perfectly capable, never does anything wrong. Why isn’t she going
to get an A?’ ‘Oh, no, there’s no way,’ she said, ‘there’s no way she’s going to get an
A,’ ‘Oh.’ In the Easter before the final exams we went to Mauritius on holiday and it
was a very rainy time. And I said to her whilst we were there, ‘Just tell me what
problems.’ ‘Oh’ she said, ‘I just don’t get on with the maths teacher at all, so I never
really do the homework though I can do it but,’ she says, ‘she and I just don’t speak to
one another.’ So I said, ‘Well, let’s work – let’s do a couple of hours a day over
lunch, going through the sort of things that you’re having problems with,’ so we did.
For the fortnight I spent two hours a day with her doing maths, all sorts of things,
right, calculus, mechanics, right, statistics, and she got an A, so [laughs] – right, and
then she went into classics, right. So it’s very difficult to tell with her. If she’s
interested and doesn’t get at cross purposes she does exceptionally well. And I’m
pleased to say that – now she wanted to do classics and in fact we nearly had to move
her from the school ‘cause they weren’t going to do Latin, right, but – and she wanted
to do Latin and Greek, you see, and she was having problems. So we managed to get
a teacher to do the Greek privately and later on the tutor joined the school, so we
actually did them a good turn, and she did quite well. But, er, I don’t know that
Cambridge suited her particularly. She didn’t do as well as we expected at Cambridge
and then she decided to do law, and since then she’s done fantastically and has been
very interested – you know, doing very well and is very interested in the job she’s got,
which unfortunately isn’t the job we expected her to have ‘cause the number of places
are so limited at the bar, right, that it’s very difficult to get taken on, very difficult
indeed. So only a very small number indeed get taken on and so – because they’re
looking – what they’re looking for is experience. Well, as somebody who’s just come
through the examination process you have no experience. So she’s getting experience
at the moment now, you know, with a – in a solicitor’s firm. And she’s had
experience for a year and a half in Great Ormond Street on their problems, you know,
with things like Baby P and things, and so she has a lot of experience in that. And so
she’s now getting experience in having to take the solicitors’ exams as well, which at
this stage you only have to take two. They count the bar – the barrister’s as counting
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but in a year’s time that won’t be permitted and you’ll have to take all their exams.
So it’s all stiffening up, so we hope – and she’s taken them already so we’re hoping
that she’s passed, we’re keeping our fingers crossed. So it’s very difficult, yeah.

[33:15]
How do all your children get on? You’ve got such a wide range of ages.

Yeah. No, they all get on very well. The twins have been across a few times to my
elder daughter Anne, who lives in the States, and they’ve had a great time over there
with her. And she really looks forward to them going and really enjoys it. Mind you
she’s a teacher and so she does get on well, and she has of course two children of her
own but they’re both now in work so they’re no longer there but they – I mean the
twins were thinking of going again this year but they’ve just – they’ve just gone to the
NHS register for temporary jobs when people are away in the summer and they need
somebody to do filing and a bit of work in the office. And so we’re hoping that
they’re going to get some work experience doing that, just to make a little bit of
money this summer, so we’ve decided they’re not going. And my daughter and her
husband are coming over for his mother’s eightieth birthday or something, so that also
causes a clash, so it actually works out quite well. But earlier on we had considered
them going over there but they get on. Huw, we see quite often and that’s my eldest
son. He’s in Henley on Thames and he’s in the oil and gas industry and he gets on
very well with them. And my youngest son also gets on very well with them, and
they often speak to them on the phone and things. So, yes, so that relationship is very
good. And my elder daughter and the twins get on excellently, so, yes, so it’s –
everybody gets on very well really.
Hmm. What do you think they’ve inherited from you as a father if anything?

Well, if you talk to my current wife she says the most important thing is that they
haven’t got her eyesight because she is – she has very bad eyesight and has had to
wear glasses from a very early age like, you know, at starting school. So she’s very
conscious of it and she says she’s very pleased that they’ve all inherited my eyesight
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‘cause she’s amazed that I can read things on the back – now I can read things on the
back of buses and things, you know. When I look through binoculars I can read
incredibly small. And I can read – when I go for an eye test I read the smallest print
on the card. Well, she says, I’ve never, ever been able to do that. So, yes, so she
regards that as the biggest thing. But they all seem to be – what I’m pleased about is
that they all seem to be quite bright. I mean all the three eldest ones have been to
university. They’re all holding down what I consider as very reasonable jobs. One is
a teacher in a different country so, you know, that’s quite difficult. One is a – been a
manager of research, you know, and extensively uses computers for oil and gas
surveys and things and has done quite a number of useful finds of oil and gas in
various parts of the North Sea and other parts of the world. Er, and the other is a
managing director of a firm in – near Chester. So they’ve all done, you know,
reasonably well.

[37:10]
Helen has gone to Cambridge, which I was quite pleased with, and she’s doing this
law conversion and she seems to highly delighted with it, and so I’m very pleased
about that ‘cause I keep saying the best thing you can do is to get a job that you like
doing. The worst thing that I can imagine is that you don’t enjoy doing your job and
that every day is purgatory when you go in. And the fellow I lived next door to in
Manchester said, I hate doing my – he said, ‘I hate doing my job. I hate going in
every day,’ and I thought I don’t know I could stand it. But I think it was a well paid
job but he just didn’t like doing it. So, you know, that I find is terrible, so, er – and I
hope the twins are going to go to university. It looks to be on the cards but they’ve
got a bit to go yet.

[38:00]

How else have you filled your time in retirement?
Oh, erm … DIY is one answer, right. I’ve plumbed in how many bathrooms I can’t
remember, right, so I’m an expert plumber, I’m an expert electrician. I can tile, I can
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move anything, right, you know. My wife and I regard one another as expert removal
people, right. Er, we’ve removed things like garden sheds which were rotting and,
you know, in a terrible state to, you know, removing safes from buildings and things
like this [laughs], heavy safes. We transport stuff, you know, in vehicles and so on,
so, yes. So DIY has been fairly extensive, right, I’ve done quite a lot of that. I’ve got
to the stage now where I don’t decorate rooms any more, right, I get those things
done. Er, the gardening, we both enjoy gardening, right, so gardening is another
activity. I still do things like, you know, mow the lawns. The paths and things which
we’ve recently had done but you’ve got amendments to do the system after that.
Create rockeries, that sort of thing. Paint on bits of this and that. I’m just installing a
new gate at our entrance ‘cause that’s falling to bits. So I’ve just bought a gate, I’m in
the process of varnishing it, and I shall be installing it.
I’m noticing sort of a strand of practical activity running through your life.

Oh, yeah.
I’m just wondering what’s the appeal there?

I find it relaxing. You know, I like to be doing things, right, and I find that sort of
activity fairly relaxing. I mean I do actually – I mean the computer’s on every day
and I do actually use a computer every day for some purpose or other. For example,
my wife’s parents are in a home and there are complications with – they’re selling a
house, financial position with the social services, pension credits, all these things,
people get it wrong all the time, right, so I have to keep a check on it, right, so I do all
that and it’s relatively automatic and no real problem. I’ve decided that telephone is
no longer usable because you have to press buttons, wait for somebody to answer it,
and when you wait they’re incompetent, don’t understand what you’re saying. You
have to spend hours on the phone, this includes trying to repair – this includes trying
to get a sensible answer about a computer problem, right, and so on. And so I never
use a phone really unless I can absolutely help it these days, so I always write a letter.
And they don’t like it ‘cause they can’t read, is what I find, right. So if you ask more
– and you only ask one question ‘cause if you ask more than one they never find it on
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the document, do if you ask one question they have to answer it. So, yes, and I mean
the worst people are banks and insurance companies, always make mistakes.

[42:00]
I was thinking it’s not just your leisure activities that have this practical aspect to
them is it? You know, it’s your whole job as well.

Yeah.
It’s always been building stuff basically.

Right, yeah.
I’m just wondering, you know, as someone who doesn’t share that interest and whose
job isn’t like that, I’m just wondering what’s the – what’s the thing that attracts you to
that sort of work.
Well, I suppose I’ve always done it. If you remember me describing working with my
father, right, you know, I had to do an hour’s work in the garden before I could go out
to play. So it’s always been – there’s always been that inducement to do something
useful, hmm. So I think it’s just I’ve inherited obviously something along those lines,
right. Erm, the other thing we’ve done is to travel a lot. I mean with the children we
travel about three times a year, so if you look at Helen, even though she’s now away
from us we’ve been on – she’s been on something like sixty-four overseas trips, right.
You know, when I went to university I’d done one, but I mean it had been the war and
things, so, right. And the twins have done fifty-two and they’re only just coming up
to seventeen, right. So – so I mean not all have been with us, some have been with
the school and things like that, some have been on sort of enterprising things like
travelling to Morocco, you know, with – to see if you can stand the desert and eating
in various countries, yeah, so …
You mentioned a series of awards, an honorary DSc from Glamorgan –
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Yeah.
Awards from Manchester. I’m just wondering how you felt about those.
Well, the one from Glamorgan I was particularly pleased with, erm … the – I mean
Glamorgan is sort of my home county, okay, and Glamorgan – the Glamorgan
University has actually grown out of something which was initially the mining school
in Treforest. Now it was quite interesting that my father actually taught for a period
in the mining school, ‘cause he was a handicraft master with woodwork and
metalwork, and they were short of – they were desperate for somebody to teach for a
short time, an interim period. And so he actually went and helped them out for a
period from – so I was quite interested really to receive the award because, you know,
I felt it was something which he would have been particularly, you know, he would
have been himself particularly pleased with. The one from the university, I’m
obviously quite pleased with, but if you look at it, it was to me, and it was say to
Geoff Tootill and Alec Robinson, right, and Tommy Thomas, now those three people
had only spent a relatively short time in the university. It was the early time and it
was given for the time we’d spent there in the early days. But I’d been there all my
career, right, so I’m very pleased to have the award for my early days but – but …

[46:00]

This brings me on to another question. So the DSc from Glamorgan had been for the
contributions throughout your career.

Right.

Could you just sum up what you think your contribution to computer development has
been in that period?
Well, I mean I think it’s summed up in what I’ve been talking about, which was the
development of all these machines ‘cause I feel I have played a significant role in all
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of them except for the Baby machine, which I had nothing at all to do with, right. But
the expansion of the Baby machine, right, the, you know, automatic transfer system to
the magnetic drum, right, help with the Ferranti Mark 1, the development of the Meg,
the change into the Mercury, you know, the attachment of other things like graphics
unit to that, you know, I was all heavily involved with. So, you know, that’s my
contribution to computing.

What do you think the contribution of the Manchester computer development story
had been more widely to computing?
… Well, if you look at the depth of it, that is, you know, it wasn’t like the NPL, if you
like, which was, you know, where Turing designed one computer and they got that
computer working. They made that contribution and they made a contribution later to
early communication systems, hmm, let’s say early start to the internet would be one
way of putting it. David Davies was responsible for that. Now that’s their – that is
their contribution to computing. Our contribution to computing extends over six
machines with a useful contribution, you know, in each area and we did make – I
mean, if you like, we did an attempt to make a start in graphics but we didn’t have the
manpower to really take it on, right. We did, er, make an attempt at communications,
particularly with the Atlas, but these were very early days when British Telecoms
only had private wires and things, right, and so, you know, we didn’t put any effort to
pursue it, right. Er, and so, you know, our contribution to there went by the board,
and similarly with the graphics it went by the board and – but later on it came back
again in providing a service unit for the university and so on. So what I’ve – and I
mean of course the other contribution is that in Manchester University the early
computers were all provided by the computer science department, right. So the Mark
1 computer came to the university without essentially a huge university cost. In the
sense that they did employ us, right, there was obviously a cost there, I can’t say there
was no cost. But again on the Mercury, the Mercury came to the university, right, as
part of a deal with ICL – with Ferranti. The Atlas actually came to the university but
never belonged to the university but we had half the computing service on it. So until
1970 there was no contribution to the computing devices by the university, which was
different from lots of other universities but then 1970 the computer board came in to
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make us a big computer centre, so that’s another contribution to computing if you
like, that we – we provided the computing in the early days. And Tom Kilburn was
essentially running the computer service till quite late on, okay, but in preparation for
the 1970 turnover another computer director was appointed earlier than that, hmm, to
actually start to take over, and take over when the computer board system came in,
and that was Gordon Black.

[50:45]

Were there any architectural or design features you think that Manchester has
contributed?

Well, the two significant design features which stop in machines are the index
registers, which we’ll call the B-tubes and the backing store, right. Those are two – I
mean that was introduced by us on the first machine, the expanded machine, which
was working the same time roughly the same time roughly as the Cambridge EDSAC,
okay. So, yes, there are those architectural features. The other feature after that is the
virtual memory feature, right, which is a strong feature. So what we would – what I
would say is there are those three features, I mean – or, if you like, the invention – the
creation of a working random access memory, the arrangement of a backing store
together with such a memory to make a working computer, the index registers, which
are the B-tube as we defined earlier on, and the – then the virtual memory. So those
are very general applications – contributions which are still in use widely everywhere.
Now, if you like, there are minor contributions then which you could consider, you
know, the design of the multipliers which I’ve mentioned, right, as a useful
architectural contribution to improving performance, hmm, so we can then start
looking for minor things. But again, I’m talking strictly from the hardware point of
view but if you look again from the software, we – I mean Tony Brooker produced the
Mercury autocode, which was done at a very similar time to Fortran. He then
produced, you know – and there was a form of this on the Mark 1, hmm, but the
Mercury autocode was a well recognised language which was extensively used. And
then there was Atlas autocode, then was the Atlas supervisor. Now, you know, the
Atlas supervisor where, you know, you’re using the machine to run job scheduling, to
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produce, you know, contracts, costings for what people use and all that, you know, all
those were new departures at the time. So I think all these contributions are very
useful contributions to the computing scene in general.

[53:35]

How do you feel about how the history of these contributions and the history of
Manchester computing is seen now?
[pause] Well, I mean I’m not happy about the books in general that are produced on
this, is all I can say. But if you look at the early books, I mean they talk about ENIAC
which wasn’t a programmed computer. Other areas talk about Bletchley Park, which
wasn’t a programmed computer. The man who organised Bletchley Park, which was
Professor Newman, said when he was at Manchester that general purpose, you know,
programmed computers don’t exist and I want to set one up, right. So, you know,
there are then people like Copeland who says what does the – you know, the
Manchester systems owes a lot to the Von-Neumann proposals. Now there was no
connection with Von-Neumann. If there was a connection it was only through
Newman and Turing, right, so – which we don’t – you know, we don’t know about.
And so … I find it difficult that people want to attribute more to Newman and the
people he brought with him from Bletchley Park when there are no published papers
on what they were proposing except for a very general paper about computing, the
nature of computing in general, talking about accesses, addresses in houses and this
sort of thing, which was done in the Royal Society paper in 1948 or something, right,
and that’s the only paper I have ever seen. Now others, you know, say there are other
documents which were sent to Manchester. I have never seen any of them, and
they’ve never produced them for me either, hmm.

Did you ever see at the time a copy of the first draft of the report on EDSAC or did
that come later?
I can’t recall anything like that. I mean the first things that I saw were the Moore
School reports really, of an extensive, you know, conference sort of activity that went
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on. But those were relatively late coming out ‘cause they weren’t – I mean the people
who went might have had some initial handouts. I mean I don’t know whether they
did or not ‘cause I never saw any but I only saw the printed books when they were
produced, and they were quite a bit later.

[56:45]

Hmm. How did you feel about the rebuilding of Baby?

Well, there are set of people, as you know, interested in reconstructing old proposals.
And of course at the Science Museum they’ve done the thing for Babbage’s and – you
know, for Babbage’s engine and things like this. And I think the fact that people have
been able to rebuild according to a Babbage design and show that it works, whereas
Babbage couldn’t really achieve it because of mechanical limitations, I think that was
very interesting. And so I’m not against the general position, you know, or interest in
history which wants to sort of recreate some of the things which have happened. So
in a sense I was quite happy to see the Baby reproduced, and in fact I got on well with
the man who did it and in fact gave him all my copies of all the circuits which were
in, you know, the Baby and the expanded Baby which I had all in a folder which was
produced 1948, 1949, so he could get at the original circuits, okay. So we were happy
to reproduce that, and with Tom Kilburn went to give him the odd, you know, input to
the operation of the CRT system. But, as you know, the CRT system was never that
reliable and in fact on the prototype they have some, I think, integrated circuit systems
built in to actually cheat a little bit if you – you know, if you want to demonstrate
some operation. But keeping the CRT system alive, you know, is quite difficult, and
so if you’re just demonstrating something which you could equally do another way, I
see no harm in that at all.

What did you think when they first told you they wanted to build a replica?

I think the interesting thing was not only did they want to build a replica but they were
– they’d actually done the work to find all the parts. And I think that was what
interested me more, that they would still actually find all these things.
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[59:30]

How did you feel about being contacted to do this interview?

Well, as you know, I said I first wanted to talk to you about it, hmm. And in that talk
you, or just before it, you did produce me some information about the nature of the
things. And I think what attracted me to it was the broader nature of the picture that
you were trying to present. There was a social aspect to it which, er, you know, I felt
I’d been very lucky in my career and I felt I wanted to tell somebody about that and
say I appreciated it, and that if it did help somebody else or to view perhaps a
different system from what now exists might be helpful. So I felt encouraged by the
fact that you wanted to talk to me.

How have you actually found our interviewing sessions?
Well, I think what I found is I’ve actually quite enjoyed it.
I’m glad to hear that actually.
And I found that the way you’ve done it, which was on occasion to spurt a bit ahead,
on occasions to treat my personal views or my personal situation, and er, on occasions
gone back a bit, I think that has sort of lightened the approach to that of a strictly sort
of timeline of technical development sort of situation. So, you know, I was looking
for rather more than that and I think you’ve done that quite well.

Glad to hear that, thank you [laughs]. Do you have any other reflections on your
career or on the interviewing process itself before we finish?
No, I don’t think really I have anything more to say. You know, I think we’ve
covered what was necessary. Erm, I haven’t had time to produce the list of
documents which I said you might find of interest. And I did mention some
photographs which had been taken. There are two – two lots of photographs really
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which I’m aware that I have somewhere, one is the construction of the buildings. I
have a few for the construction of the first building, and I have a few for the
construction of the IT building which is connected to the first building. So I have
those and I also have some pictures of the timeline of photographs and exhibition that
occurred for the – for the fortieth celebration. And in those I also have some pictures
of Princess Anne in that visit. But I think those pictures might be copyright of the
university, so I think you would have to be careful with those, okay.
Okay, good. I think we’re finished.

Great.

[End of Track 13]
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