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[Track 1]

Could I ask you first of all, when and where you were born please?

I was born in Cheltenham, in 1942, where... I mean I’ve never actually since been to
Cheltenham. My father was, was an ear, nose and throat surgeon, and he joined the
RAF at the beginning of the war, and was, I think at that stage stationed in
Cheltenham, right. And the, the two of them, my father and mother, decided that they
wouldn’t have any children until they thought that, that there was some chance of
them not being little Nazis. And so they, they... They got married because of the war,
at the beginning of the war, because they thought otherwise they were going to get
separated, but didn’t have any children until, well I was the first and then my brother
was born fourteen months later, right, in 1943. And that, that was, you know, that
was the start really.

Do you know how your parents met?

Yes, I think I do. I think they, they... I, I think they met at an art exhibition in
London. Because, most of my mother’s boyfriends before that had been, you know,
very active. I mean they, she was friends with the people in the Blue Boat here, and
she went walking with them in the Lake District on, on many occasions. She also
knew Fred Hoyle rather well, because, they both came from Yorkshire, and they both
at that stage had very thick Yorkshire accents, which she entirely lost but Fred kept
right up till he, the time he died. And, my father was, had an interest in the arts which
she really hadn’t come across before, and, and, she found that very attractive, and that
was why they got married.

So she met him at the exhibition, at an art exhibition?

I think so. I, I...

Yes.

I mean, more than that, I don’t know.
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 2
C1379/24 Track 1

Yes.

I, I never pressed either of them on that, you know. I would guess that he picked her
up, but I, I don’t know. [laughs]

[02:31]
Would you know how she came to meet Fred Hoyle? Both being...

No I don’t. She had... I mean... [pause] She, she came from a, a very very poor
background in Leeds. Her father was, essentially a labourer who shovelled coal into
the power station, and they lived in a small back-to-back house in Leeds. They must
have been, I mean, I think particularly her mother, who I knew very well in old age,
must have had some sort of, of scientific knowledge, because, my mother was, was
given milk, and so she didn’t develop rickets. And, and she was quite tall, she was
five foot ten or something, she was a large woman, not, not heavy but just tall and
powerful. And all the children, she told me, who she played with, all had rickets, and
she, her legs were absolutely straight as anything. So whether it was, was her mother
or father who knew just a little bit of medicine enough to spend money on, on, you
know, decent food, I don’t know.

Mm.

[03:51]
And then she went to Leeds Grammar School, and did outstandingly well, I mean
one... I mean there were, in those days, 200 state scholarships, and she won... for both
men and women, and she won one of those. And, then she wanted to come up to
Cambridge to read English at Newnham, and she came up for an interview, and,
[laughs] she never forgave them for this, they made her read aloud, right, to show her
that she had this dreadful accent and therefore was not fit to be admitted to this
college of young women, right? Which, you know, thank goodness now wouldn’t...
[laughs] You’d get the sack for doing that I’m glad to say. So she went to Royal
Holloway, right, as, as an undergraduate, and, and loved it, and, read English there.
And was going to go on to do research in English, and then her father died, and she
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then went back to, to, to... well, where they lived then, which was Bardsey, which was
a small village outside Leeds, to, to run a shop with her mother really to, you know, to
look after her mother.
[05:12]
And, then she got qualified, then she decided she would get qualified. She couldn’t...
I mean, as a, a physiotherapist, and came back to London and got qualified, and did
various things then. I mean, worked as a, a physiotherapy nurse or practitioner or
whatever it’s called. The thing I remember her telling me about was, was something
called a Wimshurst machine, right, which is, I know it from physics. It’s a gadget for
generating very large electric voltages. And you had to... And it’s, it’s, it had a
shellac disc which you had to rub with fur, and then this stored the electricity on
capacitors, condensers. And you gave people shocks in their head from, from this.
And it would only work when the weather was dry, right. And you rubbed it with
ginger cat hair, right, and with gold dust, right, to get it to work. So... And the place
where this was done was, was, was Paddington. And... So, you had the telephone
numbers of your patients, and when the weather as right you would ring them up and
get them to come along and give them shocks. I think, it must be about, against
depression, but I, I don’t know much about it. [laughs] But she thought it was
completely bizarre.
[06:48]
And, as a child she, she had been very interested in botany, right, and that was, I
mean, was really exposure to her that got me interested in that science before I came
across maths and physics and stuff.

How had she pursued that interest as a child?

Oh, just, just going into the country and, and, I mean, round Leeds the countryside is,
I mean, north of Leeds where, you could get to... If you went on the tram, she told
me, to the end of the tram line, you could then walk into the countryside, and she used
to do that sometimes instead of going to school, right. And she used to collect the
plants, and, I still actually have her original book. I’ll show you. Where are we?
She... [looking for book] What’s happened to it? Johns, it’s called, but we removed
it from, from the house when she died. [pause] No, she didn’t give it to me.
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And that’s Flowers of the Field.

Yes.

[07:55]
You mentioned that you, you came to know your maternal grandmother...

Yes.

...well.

Yes, she...

What can you tell me of, of her?

She was, very much... I mean, she was working class, and she really found it quite
hard to adapt to, you know, our life and, and her daughter’s friends, and, and, she and
my father never really got on. He was a very very difficult man, really, really
difficult. But she and he never really hit it off I don’t think. My mother was, was,
you know, she comes through in her writings as very sort of, sort of, tentative and,
and aesthetic. And she wasn’t like that at all. She was a, a large, forceful woman,
with a voice which was considerably louder than mine, right, and you could hear her,
if she was in the house you could hear every word she said, no matter where she was.
And, you know, she really ran that place, I mean, you know, there was, there was no
hesitation about that. And, if you went home on holiday, right, you were actually, you
know, what you wanted to do was irrelevant. You, you were there, you know, and
you were there to help her do anything she wanted to do. She saved up things.
[laughs] It was really rather tiresome.

[09:27]
Could you say more about the, the difficulty your maternal grandmother had in
responding to the, really the sort of social mobility of your mother?
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[pause] She was... I mean, she was scared of her friends. She, she... [pause] She
didn’t think and talk really like you and I do about, would about things. She had very
little interest in, in current affairs, in politics, in the arts and sciences. I mean, she, she
was, you know, I think, fairly typical of, of where she came from. I mean she had
been extremely poor, right, had to worry about, you know, holding the family together
and making ends meet, for a long, long time. And she lived... I mean, when we
moved from the, the old farmhouse to, to the centre of Wendover, and that was just,
the house we were at at weekends, she lived there all the time. And then when we
built the other house, when my mother built the other house, she lived there. And that
was, I thought always that was really rather miserable, because, the... I mean it was a
long way away from anywhere and she couldn’t drive. So it was, really a bit sad I
think.

Mm. And what was your mum, what did your mum say about her movement from
working-class Leeds to a kind of...?

Oh ignored it completely. No, it didn’t... Well just said, ‘Oh, blah!’ [laughs]

Mm.

Not a issue for her. And, and she didn’t lose her accent. I asked her once whether she
had lost her accent, because she had been to elocution classes, and she said, ‘No,
certainly not!’ [laughs] It had just gradually disappeared. People who were good,
had a very good ear, could tell exactly where she came from, but to my ear, I mean, I,
she, she had completely lost the, her, her Yorkshire accent.

And did she tell you of relations with her parents after she had gone to university and
started her professional career? Did she talk about how the relations with her
parents changed, or didn’t change, or, time spent with them?

No. I mean, I don’t think she saw much of either of them until her father died, right,
and then she, she really felt that she should go back and look after her mother. But, I
mean, I always got the, the impression that, that this was entirely her decision, and
that, you know, that certainly, at the beginning, when she was working in London, her
© The British Library Board
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mother didn’t come down there. I think that, you know, she just sent money back to
support her and this sort of stuff.
[12:45]
She was an extremely forceful woman and, and completely independent, right, and
had no truck with any of the class stuff at all, you know, completely ignored it,
[laughs] both for herself and for other people, and, you know, she was, she was
concerned with ideas, she, she read very widely. She knew all kinds of people in
London. But, I mean, at the time that I became sort of conscious of her. She was a
firmly upper middle class housewife, and we lived in Harley Street, and we went to,
to Westminster, which was a public school, right, and, I mean, you know, she was... I
mean, I think quite a lot of, of my father’s colleagues’ wives were really quite
frightened of her [laughs], because she was so dominant. I mean she had very little to
do with the doctors. I mean, you know, she, she had a, a very extensive, I mean much
more so than, than, than I do here for instance, I mean, she knew everybody.

[13:54]
When you say that they were frightened of her because she was dominant, can you
expand on the kind of nature of that dominance?

Well she was very clever, and, she was tall, and she was extremely good-looking,
especially when she was young, and she had a very loud voice. And she was totally
self-confident, right. Not through any effort on her part, she just was, you know.
[laughs] And it came, she came over more forcefully than I do. I come over quite
forcefully, but, but she came over extremely forcefully. And it was all completely
without intention or effort, you know, which made her even more terrifying frankly.
[laughs]

Yes.

And she, I mean, had no difficulty about public speaking in front of audiences, all that
sort of stuff. I mean, completely untrained, never thought about it, just, [oral sound],
you know.

[14:47]
© The British Library Board
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And did this time, as you say, that you became first aware of her, could you describe,
say a little bit more about her appearance? You’ve mentioned that she was goodlooking, but in terms of dress and, and all that.

Oh, she, she was quite stylish, and wore quite modern fashions. And she also made a
lot of her own clothes. Because she was so tall, and, I mean, you know, five foot ten
in the Sixties, Fifties and Sixties, was quite tall. And she was, she, she, her... I mean
she was powerfully built at the top, but thin. And she had enormously long thing feet,
she had great trouble getting shoes. She took AAAA or something, which is
extremely narrow. She used to buy them from, from a shop which imported them
from the States. Oh she was very impressive to look at. And people, I mean, you
know, you, you could not ignore her at all, you know, she, [laughs] would go to a
cocktail party, you know, that, that sort of attitude, you know.

[15:58]
Could you describe the appearance of your father?

My father looked very like I now do. He was, similar height, but much more heavily
built, right. And became at one stage rather fat, and, and got diabetes and had to lose
weight because of that. So I’m, I’ve always been extremely careful about that,
because, you know, it runs in the family. And, I am also quite powerfully built, and,
and heavy. I’m a little bit taller than he was, but not much.

And in terms of his dress and...?

Oh, typical doctor. Always wore suits, right. He wore, you know, jackets and slacks
and stuff when he wasn’t working, but, most of the time he was in a suit.

And we know a little of your mother’s character now. Could you say something of
your father’s personality and...?

Oh, a very, very difficult man. Extremely jealous, extremely difficult to live with.
Went off the... and would have the most, would sulk, had tremendous rows and so on.
And, I mean one of the... I never liked him at all, and, and one of the things which
© The British Library Board
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pleased me was that, my, my wife Indira got to now him very well after we got
married, and she disliked him as much as I did. So, she... [laughs] It was not a hangup. And so did her mother, right. [laughs] So that was easy. And, after my mother
died, which she did the year we got married, he then, he got married again, to a
dreadful woman. They then, that didn’t last and they got divorced, and then he went
off to live in Spain.
[17:49]
He was extremely good at languages, and he, he learnt fluent Spanish, even though
he, he went there when he was retired, and became a Spanish citizen in the end.
Remarkable. No, I mean he... And he spoke German and French, both extremely
well. Much better at languages than, than I am. But he was an extraordinarily
difficult man to live with, you know, and I avoided him whenever I could, you know.

And what can you remember of time, the times that your mother and father spent
together, things they...?

Oh they nearly came undone. I mean... And, I suspect that if she hadn’t... I mean, I,
I don’t think the marriage would have lasted much after the time when my brother and
I left, left home, if she hadn’t have got ill. And, and, I mean, you know, she, she... It
was a very slow business, her dying of cancer. And, you know, she, she basically
gave up on the notion, but, I mean she... I, I think her intention was to get divorced,
right, because, she was, by that stage, you know, she was absolutely fed up with
dealing with this.

Mm.

[19:03]
And then she would have had a, a rather successful career I think in London as a
landscape architect, and would have enjoyed it very much. And it’s a great sadness to
me that, that happened. And Indira got to know her quite well and also got very very
fond of her.

What did they do together?
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Not much, is the answer.

Did they go to places, did they go out together, in the evenings?

Yeah, yeah. Oh yeah, they had a, a, a social life. But, he was very jealous of her.
And then he became extremely jealous of me, right, none of which made it easier.

In what way jealous of you?

Oh because I was successful, right? Extraordinary I think. I mean I, I would... You
know, I’m very proud of my son, he’s having rather a good career at Citrix, right, and
I mean, you know, it seems to me quite weird to be jealous of your, your, your, your
son’s success, I mean, you know.

How did you become aware of that, how did you...?

Oh he, he, I mean I wouldn’t talk to me, you know, you know, thing like, you know,
when I was elected to the Royal Society, you know, he was completely un... you
know.

[20:17]
What do you remember of time spent with your father, let’s say before you moved to
London, so up to the age of seven, things you did with your father?

Oh very little. No he was not good with children, at all. He... And, I should also say
that, that, part of, I think part of the problem was, was my mother. She was very
protective of the two of us, and so, she, she did, she really made no effort to sort of
connect us with, with William. But he, I mean... The only things I did with him was
to, I used to go walking sometimes on Sunday, and birdwatching, and that was all,
right.

Where did you go walking?

© The British Library Board
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Oh from... I mean, we lived in London during the week, and then we went to, to this
house, one of the... one of these houses close to Wendover at the weekend, because,
central London is, is a complete desert, was then, I don’t know what it is now, over
the weekend, particularly Harley Street where we lived, because it was just purely,
doctors’ consulting rooms. And so we would, we would go out there for the weekend.
[phone ringing] I would go on, on... Is this going to disturb your thing?

[pause in recording]

I wonder whether you remember the particular landscapes that you explored.

Oh yes, clearly. I mean, because we, we lived... Wendover’s right on the edge of the
Chilterns, right, and, we would walk, generally, along one, one or other bit of the
Icknield Way, the Upper Icknield Way, not the Lower Icknield Way, which is a, a
really ancient road, right, which runs right along the escarpment, right. And was, I
mean it’s pre-Roman, and it was one of the major ways through. And, and, parts of it
are still just a, a public right of way, a track, along, along the edge. And it has lovely
views across the, the Vale of Aylesbury, and, and, lots of, of flowers of the chalk.

Which came in useful later I think in your...

[laughs]

[22:42]
Can you describe, can you say how you felt about that landscape as a, as a child
then? You are describing it as attractive now as an adult, but do you remember your
response to it then?

It was... I, I remember it very well from, I mean, from where we lived until I was
seven. Because, it was the, the only hills you could see from, from the plane. And,
you know, one... I got... You very quickly get to know, or, it’s very, got very
characteristic traits, which I would recognise anywhere, right? And there was
Monument Hill, right, and Beacon Hill, right, which is above Chequers. Monument
Hill is a monument to the Crimean War, right. God knows why it’s sitting there, but
© The British Library Board
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it is. Beacon Hill I think, it has its name probably from, from the Napoleonic times,
and that, that’s’ above Chequers, right. And, then, further along there was a big chalk
quarry that made cement at Bledlow, right, where the, the motorway to Oxford now
goes through, is it the M4? Right.

Yes.

And, and they drove that through a wonderful piece of countryside which we used to
go walking in. That was, that was a rather long drive, to get there, right.

And, could you tell me about the interaction with your father on those walks?

Don’t remember. Don’t remember.

Do you remember what you did in the way of birdwatching, which you mentioned?

We... Yes, we, we went to, to... and walked round the reservoirs. There was a series
of reservoirs which fed the Grand Union, well feed the Grand Union Canal, right, at
the watershed. And these are, I mean they... Lots of, of water birds particularly come
there, mostly on, migrating. And so we’d go and see what had come, and, ride round
and look at them, come back for lunch.

Did your father carry sort of, equipment or field guides or, anything of that kind?

Oh he knew the birds, and, and, we... I mean, there aren’t that many British birds.
And, I mean we had binoculars and things, yeah.

[25:06]
Thank you. I wonder whether you could tell me about time spent with your mother
between birth and seven when you moved to London, and, sort of, significant kinds of
activity that you did with her, or, things you did or which you came to know...

Good heavens, I... No.
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I’m asking a lot in terms of memory, I realise.

You certainly are. [pause] I have only very few memories of, of my, my early life at
that level, and they’re not really memories of her. They’re memories of things like,
the winter of 1947, right, which... There was, something, you know, like three feet of
snow, and then the whole place when, when it thawed, flooded. And I remember her
taking us out to look at, somewhere near Thame, to look at the whole of the landscape
flooded, right, and these trees sticking out of the water, which, you know, looked
really very odd to me. And I remember the, the little stream which, because we lived
in a place called Moat Farm, which actually was the, the house on which John
Hampden refused to pay ship tax, which started the Civil War. And it was, it was a
Tudor house. And, and when my parents took it over, found it just before the war, it
had actually been abandoned, right, and the, the farmer had built himself a nice new
house, and, this place was just falling to disrepair. So they rented it. And, and it had,
to get there you crossed the little stream, which, I mean, we used to play. I remember
my brother and I floating logs and boats and things down it. And this little stream
turned into a raging torrent, and my mother wouldn’t let us cross it because, it was so
dangerous at the end of, or during the flood. I remember that. What else do I
remember? I remember being wheeled out in a pram to look at a German aeroplane
which had been shot down in a field. That I can place. And I also remember being
taken up to the, the top of the house to look at the flashes of the anti-aircraft guns over
London, because, it’s about thirty-five miles away from London. But, you know,
during, one or other of the blitzes, right, there was... I remember that.
[27:50]
Later than that, we went to, I remember going to school in, it was a girls’ school in
Aylesbury, right, and it took boys, when they were very young, and, so my first part
of my education was at this girls’ school in Aylesbury. I don’t remember its name,
right.
[28:12]
What else do I remember? I don’t have... [pause] I... I have not got a good memory
for people, ever, right, not just at this time, but I mean, you know, you’re going to ask
me a lot of questions about people, and, and I, I’m going to have the same difficulty.
I mean, you know, I, it’s, it’s... it’s not... I mean, well, I mean, I can’t really...
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[28:38]
Yes. If you didn’t, or can’t remember spending time with your mother, you can’t
remember things that you did, of course, do you remember what she was doing while
you were at that age, not with you, if you see what I mean? I mean, do you, did you
see her working or writing or gardening or...?

No, she didn’t write. She, she... She didn’t do any writing until we moved to
London, right. I mean she just looked after us. No, I mean... And, I mean my father,
at the beginning, was, was in Egypt and India, right, on military service, and then he
came back, and, they were both quite left-wing, and, and so, as soon as the Health
Service was set up he, he actually then got a, a position in some London hospitals, and
came back at the weekends. And she brought us up in the country, right. I don’t
know where he lived in London. But, but then, when I was seven which would have
been 1949, that’s about right, we moved to, to Harley Street, right. And I then, my
brother and I went to a school in, in, actually in South Kensington, we took the bus
there, which I remember was a penny three farthings. [laughs]

[30:10]
Before I ask you in particular about the various homes that you lived in in the
country, and then in the city, we should just cover your, your father’s parents, which
we haven’t spoken about.

Ah, he, his father was a very successful Harley Street doctor, who lived in Highgate,
right, and, had a, consulting rooms in Harley Street, and had a chauffeur who drove
him down from Highgate every day. And he married, somebody called something
Stone, and she was the daughter of Sir Benjamin Stone, who was a, a, an MP for, I
think Birmingham. And he is, is, he’s quite well known, because, he, he became
extremely keen on photography, and he took photographs of everything, including all
the MPs, and, and all the people, this was late Victorian times, of all the, the various,
you know, people in all their, their fancy dress. And, I think his collection of
photographs was bought by the, the National Portrait Gallery, and I think that’s where
it all is. There’s hundreds of them, right. And, my... So my, my grandfather on that
side, who I didn’t know, and, and my mother never even met, he died just shortly
before the war, I think shortly after they had met. He was a very successful ear, nose
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and throat surgeon, and his name was also Dan McKenzie, and wrote various books.
His background, that’s where the name comes from, he, he is from, from Scotland,
and, I mean, I think still have some maiden aunts who, who live in Morningside in
Edinburgh, which is the, the very very stiff, you know, posh part of Edinburgh. And,
the... So he was, he was very successful. Now his father was, was also a doctor in
Scotland called William, and his father was also a doctor called Dan. So, it just
alternated, right.

Mm.

My son is called James, I should say, not William. [laughs]

You’ve broken the, broken the system.

Yes, yes, totally. So that was, I mean they were... And, and, my father went first to
Highgate as a, as a schoolboy, and then he went to Caius, here in Cambridge. So, so
he was, was, you know, thoroughly upper middle class, right, right from the start,
right. Dora Stone, that’s, that’s who, that’s who he married, Dora Stone. And I, I
remember her as, as a very old woman, right, I met her once or twice in Highgate, she
lived in this enormous house and was bedridden, right.

Do you have any clear memories of speaking to her, or, hr as a person?

No. No no. No, I remember the house but, you know, one of these enormous piles,
you know, on top of the hill. Very grim, you know. Thousands of servants, you
know, all that sort of stuff. But, but very reduced circumstances by the time that I met
her.

[33:35]
You mentioned that your mum took you up onto the roof to look at the flashes of the
anti-aircraft guns.

Not the roof. The...
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Upper storey of...

The upper storey of the house. You, you couldn’t get onto its roof.

Do you remember what your parents were saying about the war?

No.

No.

No. But, I mean, not, not then, but I, I mean, I know what their views of the war
were, which was that, you know, unlike the First World War, which my grandfather
on the my mother’s side fought in, he was actually torpedoed, they thought that this
war was entirely, absolutely crucial, everybody... You know, you had to fight, right.
And loathed Hitler, and told me, you know, I mean particularly my mother, was very
very miserable just before the war, hearing these raving speeches, it must have been I
think the summer of 1939, of Hitler, you know, raving on the radio. And she says,
you know, you would pass these... that you would hear it on, on the news coming out
of people’s windows, because it was hot and people had their windows open, hear this
dreadful madman raving. And how, you know, it was really dreadful. So, she had
very very strong views on that. Both of them did, both of them did. And I think my
father volunteered, I don’t think he was drafted.

Did he serve as a doctor, or...?

Yes.

Yes.

Yes. Yes.

Did he tell you about his war service?

Nope. Never talked about it. Never talked about it.
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[35:18]
Now, the, the various houses that you lived in as a young child...

Yes.

It’s, it’s slightly complicated, so, I know you’ve told me a little bit about it off
recording, but, could you bear that in mind when you talk about it on the recording so
that people listening have a clear sense of when, the moves and that sort of thing.

Yes.

But, having said that, can you start with the first house that you can remember, and,
describe it, and could you imagine you’re sort of standing... You may not be able to
remember but if you can, can you imagine you’re sort of at the front door, and, take
us on a tour of the first house?

Good heavens no. [laughs] Not a hope. It was, I mean it was, called Moat Farm, and
it was just outside Aylesbury. It was in a place called Stoke Mandeville. It was a
Tudor building, and, half timbered with brick filing in the, the part inside, between the
timbers. And the timbers I remember were of, of very very hard oak. You couldn’t
actually knock nails into them, right, because, they just bent. It was two-storey, or at
least started as two-storey, and, most of it was, but, there had been a lot of movement,
and, I remember my bedroom which was on the first floor, the floor was, was so
slopey that you could only put the bed in one part of the room, because it, it just
simply, wouldn’t stay anywhere else. My parents’ bedroom originally was above the
kitchen, which, it was built on, it was T-shaped, it was T-shaped, and the front of it
was, well it was all, it was all two-storey originally, and the front of it faced south,
and my bedroom was on the south side, which overlooked the, the, the cowsheds, the
milking place. And then the back went north. And, one, I remember coming... We
drove down, when we, when, after we had moved to London, we drove down one
weekend, and, the whole of my parents’ bedroom had fallen into the kitchen, right. It
was not in good repair. We rented it, we didn’t, we didn’t own it. It was surrounded
by a moat, and, during the floods, it was quite interesting, I remember the, the moat
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filled up with water, but the house didn’t flood. It had been built with some care,
right, so that it was, was elevated. It had a, a red tile roof, which I think was original.
And at the back of it was, was an orchard, still within the moat.

[38:19]
And, you lived in this house until you were, what age?

Until I was... Well, until I was seven, I lived there, you know, properly, and, and
from five till seven, presumably five, went to this school in Aylesbury, which was,
two or three miles away. And then, when I was seven, we moved to, to London, but
we kept that house, we continued to rent it, for some number of years after that. And
then, my parents, for what reason I don’t know, decided that, that they would buy a
much bigger and grander house in Wendover, which was... And the reason why we,
why we were there, was because, there’s a, a big training centre for the RAF at a place
called Halton, which is just outside Wendover, and my father was based there right at
the beginning of the war. And they went round to try and find somewhere to live,
because they didn’t want to live in the married quarters in, in the camp, and found this
run-down house which they could rent for very little. And then, probably because
they became more prosperous, we, we moved to this house which was an eighteenthcentury, big square eighteenth-century house in the middle of Wendover. And I don’t
remember exactly when we did that. But, we lived there until, then my mother built
this house which was outside Wendover in the, in the hills actually, in, in the midFifties. I think we moved in ’56 but that’s easy to check from, from all of the, things.

OK, thank you. Well could you tell me then, about really...

[40:13]
Oh and the other side, I should say, is that, you know, when we moved to London, we,
we lived above the... We moved into a, a house in Harley Street, which was an
enormous house, which had been broken up, right. And, the, the ground and first
floor were a separate apartment, and my father’s consulting rooms were on the ground
floor, right, and we lived in the back and on the first floor, right, there. And we lived
there until... Yeah we lived there until, until I left home and came to Cambridge in
1960.
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Can you tell me about time spent in and around the first house, Moat...

Moat Farm.

Yes. Sort of, you playing...

Not more than I, not more than I have. I mean I’ve, I’ve more or less told you
everything I can remember about Moat Farm.

Do you remember what you did in terms of sort of playing in this sort of area
immediately around the house?

No, only... I mean in the stream, but that’s, I mean, I don’t remember anything else.
No I haven’t got.... Not a good memory.

And, time spent with your brother there, as a young...?

Yeah, well I mean, you know, we played together.

Mm.

Yes.

Do you remember specifically what you played with, or at, or...?

No. No. No. Too long ago. [laughs]

[41:43]
Thank you. Do you have memories of your...

Stewart might.
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...of your first school, the primary, the, the girls’ school in Aylesbury, in terms of, you
know, the teaching or the learning, the environment?

The only thing I remember was, being taught the Lord’s Prayer. And I didn’t realise
it was in English, because I was taught, taught it by somebody with, I think a strong
West Country accent, and I remember coming home and, and, and telling, repeating it
to my mother and, and father, and them going into shrieks of laughter, because of the
fact that, it was, to me completely foreign and meaningless, and I kept, I... but I
reproduced the accent, which they thought was hilarious. [laughs] That’s about all I
remember about that school. Except, it was full of very big girls, right, you know, and
I was very small. [laughs]

Do you remember having...

I don’t remember learning anything there. I, I... The only thing I can remember about
it is that it had a bit of grass outside, where one, we played, you know, when, when
we weren’t being taught, but I, I don’t remember anything other than that about it. Oh
I know where it, I could, I couldn’t take you back to where it was. I don’t know
whether it’s still there.

You went back home to this, to Moat Farm, which was dilapidated, didn’t, as far I
understand, have electricity or anything.

No, it had electricity.

Ah.

It had electricity. And I wasn’t aware that it was dilapidated.

Ah. OK.

I mean it was, it was just home, you know, in the way that, that, just, children do. I
mean it was, that was just what it was like, and that was it. I wasn’t at all aware.
Except when, I mean, and that was much later, when, when the roof fell down I
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became aware of the fact that, [laughs] it wasn’t in good shape. And, and I remember
my mother telling me that, that she and William actually cleared out quite a lot of, of,
of trees which had, had, were growing inside the house before they, they took it. So
probably it didn’t have any windows. I don’t know. I mean, you know, both, both of
them are long gone, and it’s... I mean that was before, before I was born, so I don’t
know.

You’re referring to your father as William. Did you, is that how you...?

I called him William, yes.

As a child?

Yes. Yes.

And how did... and, and your mother?

Dardy.

Right. OK. Do you know why, why that...?

I... Apparently I just called her Dardy when, when, when I was little, and I don’t
know.

[44:20]
Thank you. And, from your childhood, are there any other significant landscapes,
and this could include, if you took them, holiday landscapes, are there... including
sort of very small-scale landscapes, important places, as a child?

I remember going on holiday, right, to West Runton, which is a, a village up here in
Norfolk, and it being bitterly cold, it was in the summer, and being expected to swim
in the sea, right. Or to bathe in the sea, I couldn’t at that stage swim. And we used to
go on holiday with, with some friends who had a cottage in Pembrokeshire also. I,
you know, you’re... I, I, I don’t have an awfully good memory for, for, I mean this
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may be one of your sadnesses about these interviews, I don’t have a very good
memory of, of my early life, frankly.

Not... that’s interesting in itself, that’s fine, yes.

Yes. Yes.

[45:23]
Thank you. Well, let’s move to London then, and could you... Again you may not find
that you can do this, but, in as much detail as you can, can you describe your home in
London?

Oh, yah, now that I, I could draw you an accurate plan of that, because, we lived in
that until I moved to Cambridge in, in 1960, and my parents stayed there for a few
more years before they moved to the back of it. It was a bad conversion of a huge,
grand house, which, which had been built for a doctor to live there, and as I remember
it had five storeys at least. It was, on the ground floor it had, in the front, a grand
room which was used as a waiting room, and it then went through... Then there was a
staircase up to the first floor, which was a new staircase. And, then, there was my
father’s consulting room. And then further back was the, the, the kitchen, well there
was a passage in which my father had a typewriter and it had a loo and things of that
kind, for typing up notes and stuff. Then there was a kitchen. And then, a very small
cubbyhole beyond that which actually in the end became my study. And then on the
first floor, there was a big front room which my parents used as a bedroom. And then
next to that was a room where, we had a, a receptionist who lived in who was also
basically a, a servant. And, then at the back... Then there was where the staircase
came up, and then there was a bathroom, and two rooms at the back. And the, the, the
rooms at the back, well, all, all the rooms really in the house, had these enormous
sliding sash windows, and at the back they were about twelve feet high and probably
about four feet wide, and they were made of curved plate glass, right, and they were
incredibly heavy. And they were impossible to, to replace if they broke. So we were
very careful of that. Because we rented it, we didn’t, we didn’t own that, that house.
Those two floors were really very grand. They had parquet flooring and, and
imitation, what’s... marble fireplaces actually, imitation Adam, right, but made out of
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marble. It was all probably, I think it must have been built in the late nineteenth
century.
[48:19]
And it was an extraordinarily uncomfortable place to live, right. It had no proper
heating at all, right. My, my mother particularly was, was, was very frugal about that,
and she, you know, it was after the war, and you couldn’t get fires, electric fires or
anything, and anyway, the electricity was very expensive. So we more or less lived at
the same temperature as the outside. And none of these huge plate-glass windows
fitted, and nothing was double-glazed, and there was no attempt even to stop the
draughts. So it was a miserable place to live. And that’s why I migrated to this little
cubbyhole off the kitchen, because with a one-kilowatt fire in there, which I was
allowed, right, and a small desk, which actually we still have here, which Indira uses,
I could keep that warm, and it wasn’t, wasn’t miserable, right.
[49:17]
But it was really one of the grandest and most uncomfortable places I have ever lived,
and, and we, we lived there really throughout my childhood, I mean from, from seven
till when I came up here, I was eighteen when I came up here. So we lived there for
eleven years, but, I thought it was a horrible place, right. And, and, my mother
thought that, you know, this was a tremendously grand place to live, and I would
never ever live anywhere as grand again. Which, I mean it’s probably true, but it...
and I certainly never want to be as cold in the winter as that was, right, it was a
dreadful place.
[49:54]
And we used the, the waiting room as a sitting room. And, when my mother set it up,
she bought various really quite grand pieces of Empire furniture which went with the
house. They were, you know, huge mahogany tables with, with gilded caryatid and
this sort of stuff. You know, it was a really miserable place. [laughs]

Mm.

Which I never liked, right. And, and when we left and, and they moved out, they,
they bought the lease on the mews flat which was directly out the back from, from
this. In fact they did that while we were still living there. And, that was a really nice
little flat, and really snug, right. That was completely different.
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 23
C1379/24 Track 1

[50:52]
What do you remember of visitors to that house, including patients but also including
your mother’s friends?

Oh she used to give... The, the... [pause] We had quite a lot at one... I mean, I don’t
think... We were very firmly not allowed to meet the patients, we had to keep clear of
that, which was slightly tricky, because the... To get from the front, from our
bedroom for instance to the kitchen, you, if my father was, was seeing patients, you
had to go out into the main hall of the whole house and then in again. And so you...
[pause] I remember her giving parties, which she used to do. All kinds of her friends.
And, sometimes for doctors. I remember her publishers coming to see us there, and
her publisher for the Hogarth Press was Leonard Woolf, who she got to know very
well, and, I met him on a number of times.

Could you, could you say what you remember of meeting Leonard Woolf?

Avery old man, thin. He wore very hairy green suits, tweed suits, not green suits.
And he was, he was very friendly and easy to talk to, I mean I, I... You know, he, he
was one of the, well he was the grandest person I met before I came up to Cambridge
really. He was very nice. And, apparently, my brother tells me that there’s a huge
correspondence. He, he I think left his, or, sold or gave or whatever, his, his
correspondence to Sussex University, and somebody told my brother that there’s an
enormous correspondence between him and my mother over very many years with,
you know, something like 100 letters, backwards and forwards. I was not conscious
that, of this at all, I mean I didn’t know that... She liked writing letters, she, she wrote
very good letters, and, and, you know, both, I mean, to my brother and I, Stewart.
And, and to lots of other people I think. But particularly to Leonard Woolf, which I
was unaware of, I... And I, I’ve never, I mean I’ve not looked at the archive or
anything.

Do you know, do you know from that period why and how your mother came to know
Leonard Woolf?
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Oh, she, she, I mean she, she wrote the first of these books, and was a great admirer of
Virginia Woolf. And, so she sent it, right, to, to Leonard who was at that stage still
running the Hogarth Press, right, to see whether he would publish it. And he read it,
and liked it, and published it. And, and that, it was from that that they got to know
each other.

I see, thank you. Do you know what your mum would say about Virginia Woolf’s
writing?

No.

Apart from, you just know that she...

No. No.

[54:20]
Since we’re speaking of literary things, I wonder whether you can tell me about your
reading as a child. It may be that you read...

Everything.

Between, let’s take the period before you moved to London. What were you reading?

Oh heavens no, I, I... No, no clue, right.

Right.

I...

Since...

I... There’s one thing I haven’t said which I should say, which is that, as, as a child up
until, really I was thirteen or fourteen, I didn’t do well at school. I was, was
frightened and nervous, and couldn’t understand a lot of what was going on, and, and
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didn’t flourish at all. And my parents actually had to interfere to stop my brother
being moved into the same class, because he did very very much better. And, I, I
mean, I have these clear memories of, of being totally miserable, right, not of any one
particular place or time, it was just, my school life just was, was a misery. And the
only thing I enjoyed, the only thing I could do, I couldn’t, I couldn’t do arithmetic to
save my life, but, we were taught Euclidian geometry, and I was probably about ten or
eleven, and I thought this was wonderful. Now that I had absolutely no difficulty
with. Could prove, you know, things... It was perfectly obvious to me, the whole
thing, once it had been a little bit explained. But that was the only thing I could do. I
was absolutely hopeless at any of the, the languages or, or writing or anything. And
this continued until, about, I think it was my second year at Westminster, and that
coincided, and I don’t know, you know, with, with puberty, and with me starting to do
science. And, I, I mean I complete... I, I changed very rapidly, it must have been
probably within a year or two, to, to being like I am now basically, both physically
and mentally. And, I, you know, I, I could do maths, physics, chemistry, and
particularly chemistry, I just was, you know, top of the form from the time I started
till the time I left the, the school. In physics, I was also... And I could... In maths,
there were three or four of us who, who were like that. One of them was, was
somebody called Julian Hunt, who’s now a Member of the House of Lords and a
Fellow of the Royal Society, a professor in London. I mean that was the sort of
standard of, of, of what these people were. And the maths teaching was, was done by
a, a German who had been a, whatever it is, professor, lecturer or whatever, at a, a
technical high school in Germany, who was Jewish, who had, who had fled, and a
man called Fisher who was a brilliant teacher. And the physics was taught by
somebody called Austin Stokoe.

[57:55]
So this, this school is Westminster School?

This school is Westminster.

Yes.
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I went to Westminster Under School first. When I first moved to London, we went to
this school which was in, Queen Anne’s Gate, Queen Anne’s Gate? Anyway, in, in
South Kensington. Then... And that was, was really for, for very small children.
Then, then I went to Westminster Under School, and then on, on to, to Westminster
School itself. And my brother did exactly the same.

When you speak of Euclidian geometry, first being taught that, at which school was
that?

That’s Westminster Under School.

[58:38]
Now, bearing in mind many people listening to the recording won’t know what
Euclidian geometry is, could you describe your first encounter with it...

Gosh.

...and what it involved?

I can, I... No. I can describe what it’s about; I have no memory of my first encounter
with it.

If you could describe what it’s about and what appealed to you about it then.

What it’s about is, relations for instance between different, different shapes of
triangles. Probably the, the thing which is best known about it is, is Pythagoras’s
theorem, which says that if you have a triangle, one of the angles in the triangle is a
right-angle, then, if you add the squares of the sides, right, of the two sides which
make the right-angle, the sum of those, the square... the lengths of those sides, is equal
to the square of, the length of the side opposite. Now you prove that, not by doing
any special cases, but by drawing a series of lines and constructing squares on the
sides, just drawing a square, so... And, and, and then showing, right, geometrically,
right, that these... that result, right. And you can do it entirely by just drawing lines on
a piece of paper and looking at the angles. You don’t have to draw anything
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accurately, that’s not what it’s about. It’s pure logic, right. And, it just, you know,
there’s a whole series of results, right, which you can prove, right, in terms of, of
triangles and things of that kind. And it’s hierarchical. You use... The... You know,
it starts from the fact that, if you have two parallel lines, and draw a line which cuts
them, then, the angles between that line as it crosses the parallel lines are the same,
right. And this, I mean, I was always bothered by that result, because, I mean, that is
where it starts from, and that’s an assumption, right. But given that assumption, then
you can build up the entire structure of, of this thing about triangles and squares and,
and, and quadrilaterals and so on. And only very very much later did I realise that,
that actually, yes, this is an assumption, and it is not necessarily true, and in the
present universe it’s not true, right. And, and that was why nobody ever proved it for
me, right, and I was always bothered by the fact that nobody ever proved the thing
you started from.

[01:01:33]
Could you just go over that again, the assumption?

The assumption? If you have two, two parallel lines, like railway lines...

Yes.

And you, for instance, put a, a stick across the railway line...

Mhm.

Then, the angle that that stick makes to the first line is the same as the angle it makes
to the second line.

And why is that an assumption rather than a fact? Because, it would seem that if all
those line are straight, the two lines are parallel, that, indeed the angles are the same
in relation...

Well you try and prove it, right. And we now know, because of, of, of, of Einstein,
that that’s not true, right. [laughs]
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[01:02:14]
But, encountering this as a child then...

Yes.

Can you say what appealed to you about it? Because it seems that...

Oh it was, it was so logical. It was absolutely... I mean not, not that result, but, but
the whole structure. You know, all you had to do was to prove things. There was no
business about, you know, it was absolutely straightforward, right? And that was, life
didn’t seem to me at all straightforward at that time. I didn’t understand, you know,
why people got cross with me, I didn’t understand really anything, right, about human
relations, right. And, I mean I, you know... And, and this just was, had none of all
that complication. And it wasn’t a matter of remembering dates, which is what
history was about, right, or of, you know, learning how to spell. I have never been
able to spell, right? Spelling seems to me a completely pointless activity. Always
has. Now, I can say that, you know, and nobody is, is going to fail me in an exam, but
you couldn’t say that as a child. You still can’t say that as a child. You have to learn
to spell, right? Now I couldn’t see what the point of that was, you know, why, why
choose this, you know, method of, of representing this word on the paper, rather than
some other? It didn’t seem to me... You know, it’s just convention, right. And I
couldn’t understand why everybody got so cross with me, because it didn’t seem to
me to matter, right. And it still doesn’t seem to me to matter, right. But now, you
know, nobody, nobody... [laughs] nobody’s going to remove my professorship
because I can’t spell. They’re just amused that I make endless spelling mistakes. I
make fewer now because the speller checker’s on my email server, but you know, it’s
at that level. And I mean, it’s not something which matters. And I couldn’t see that it
mattered, right, and yet there was all this tremendous fuss about it. And I was made
to keep a spelling book with my spelling mistakes. But I misspelt ‘spelling’ on the
cover, and that stopped them all. [laughs] They then really gave up. But you know,
it was a miserable time for me, because I, I... And I couldn’t do Latin, right, never
been able to do Latin, right, and, you know, French, yeah, all right, it’s a different
language, but, you know, I couldn’t pronounce it. I’m not good at languages.
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[01:04:32]
When you say that, you, you couldn’t understand a lot of things that are around you,
and you couldn’t understand why people were getting cross with you, were you
talking about teachers and...?

And my parents. Everybody. Nobody... You know, nobody was nice to me about it.

Oh, about that and...

About, you know, I, I didn’t do well at school, and, was endlessly set about, you
know, that I had to do better and had to work harder and so on.

What, can you remember what your parents said to you about that each...?

Just, just what I’ve said. Yes. Both of them, you know. So I had a miserable time
with that. I really didn’t do well. And then, they had to stop the school, you know,
from putting... Because my brother was much cleverer at these things, and, you
know, if they hadn’t have stopped him, they’d have him, they would have put him in
the same form, and he would have done very much better than me. And you know,
they were really quite concerned that I had so little sort of, self-confidence really.

And so, when you say that you, this changed with puberty and with the discovery of
science, was there a link between those two things?

Don’t know. Don’t know. I mean, it just, I, I just became a different, basically a
different person. And I, you know, it’s, it’s, it’s funny, because, I have a very clear
memory of what it was like to be in that state, right, before it, before the changeover.
And, I think, particularly as I’ve got older, the fact that I have that clear memory has,
has made me much more sympathetic to people who are having difficulty than, than I
would otherwise be. If I had always been clever, I think, you know, I, I would just
say, you know, these people are just stupid. Whereas I absolutely can remember what
it was like to be in that situation when I couldn’t understand anything. Particularly
couldn’t understand people’s reactions, my teachers’, my parents’ reaction, to my
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inability to do it. There was nothing I could do about it, you know. It wasn’t that I
wasn’t trying, I was trying very hard, I just couldn’t do it, right.

[06:40]
Mm. The discovery of science at the time of puberty, it seems quite late to be
encountering science.

[laughs] I went to schools where, you know, I was taught Greek, Latin, French,
English, history, maths, but not until my second year at Westminster really did I start
in science.

And...

They, my, my son who, who, we sent him to Westminster also, and he went to King’s
before that, he also had to learn Greek, right, and he forgot it as fast as I did.

What was your experience of maths then before Westminster School?

Well that’s what I’ve just been talking about. Euclidean geometry is, is when I was
about ten or eleven.

What about number?

What, numbers?

Yes.

Oh I can’t, I can’t add and subtract.

[07:29]
Ah. What do you remember of the teaching of geography at these earlier schools, or
of nature study, or geology?
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Oh. No nature studies. Geography was, was, was, you know, very traditional, you
know, what, what, what industries something had and so on. And I remember the
geography teacher was a rather elderly man, and he had an absolute obsession with
the Red Peril, right, and with communism and the spread of communism. And, and
you know he, he, he completely terrified us about that.

Which, at which school was this, Westminster?

This was at Westminster. It was at the Under School, the prep school.

Can you remember what he...

I can’t remember his name.

Can you remember how he taught about the Red Peril, what he showed you, what he
said?

Oh it was just, you know, that it was marching all across the world, and, you know, it
was real, real, good sort of, right-wing republican stuff, you know, that, you know... I
don’t remember it in detail but, but you know, lots of people had this notion that, that,
what was it called, the, the... Not skittles. You know, things falling over, right.

Mm, dominoes.

Domino effect, that’s, exactly, you know, the... And, and, it would be, where are we,
back, dating it back, that would be... I went to Westminster in 1955. So that... The
Upper School, and I went to the Under School probably in about 1950, ’51. So it
would have been just after China fell, right, and all that. I was completely
unconscious of world news, I mean, for a long time, and I’ll tell you about that in a
second, about what raised my consciousness. And, and had, you know, nothing at all
to do with any of all that.

And was there any outdoor geography, geology, geomorphology?
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No. No. No. No. No no, it was all, human geography, that I remember.

[End of Track 1]
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[Track 2]

OK, so, you’re in London, and, we’ve covered a little bit of schooling, but I want a
sense of what you did out of school, and this would cover...

Jolly little, because we went, we went to our country house you see every weekend,
and for the holidays, right. So, I spent the weekends in, in, in one or other of the
houses, you know, the ones I remember were Wendover, the, the grand house, and
then the one we built. And, had... I mean, there were, we had, my brother and I had
no friends around Harley Street, because, I mean, by that stage it was all consulting
rooms, no families lived there. We were quite exceptional in, in living there. So,
there were no young people there at all. And in any case, we weren’t there at the
weekends. So we had very few friends outside school.

What did you do in the evenings in London then, having been to school, come home...

Oh. Oh, prep, right. Two or three hours every night, right. I mean, you know, the...
And, and, certainly Westminster, the public school, I don’t remember about the prep
school, but that, that treated Saturday as an ordinary day, right. So, there were classes
all in the morning of Saturday, and then there was sport in the afternoon, and I would
catch the train and, and go out, right, to Wendover on the train, on, on Saturday
evening, stay there just on Sunday and come back Sunday. I mean the, the... I mean,
children worked very, very much harder than they do now, right.

Mm.

And, you know, I would come home... We, I rowed at Westminster, it was Tuesday,
Thursday, Saturday, and, got home at about, about half-past five or six, and then I
would do, have, have supper and do prep until about ten and then I would go to sleep.
I would have typically three lots of prep to do every night, right, of, you know, of
solving equations for the maths, right, doing things like that, writing up physics
practicals, chemical practicals, all kinds of stuff. I mean we, you know... And, that
gave, I mean, particularly the mathematics gave me a... I mean, it’s, a lot of it was,
was... There were some ideas, but there was an awful lot of algebra, which you had to
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get right. And, I mean that, that’s still with me, I, I will do enormous amounts of
algebra, right, with, with no trouble at all, right, and go through. And, you know,
twenty, thirty, forty, fifty pages, right, and, and still come out right at the end. And
that was that training, right.

Mm.

That’s been very useful to me. I wouldn’t have said it’s, it’s, you know, it’s not a
profound thing, but an ability to work out the consequences of your ideas
mathematically, particularly if you do it analytically, is something which, you know,
has certainly made, made my reputation, right.

[03:45]
Especially if you do it analytically, what do you mean?

Well... No, now I need to know a little bit more about your background, right.

Assume very little knowledge at all. Because, we can’t assume that anyone listening
to the recording...

[laughs] Right. Yes. But... Well most people who will listen to it will, will... I
mean, I can’t see that I will have a, what I have to say will be of tremendous interest
to people who are not scientists. The... You can, you can do things analytically,
which means that, you, you write out equations and solve them, and end up with a, a
solution to the problem which just contains things like letters, you know, a and b and
stuff, which represent lengths or, or forces or whatever. And the great advantage of
this is that one equation can represent a huge range of possible things, and you just
stuff in... You know, for instance, you’re interested in the Earth, so you, you, you do
the whole thing, you do all these calculations with the gravity field of the Earth, which
is g, right. Now if you keep it as g, then if you’re interested in Venus or Mars or
something else, that just has a slightly different value, or majorly different value of g.
And so you’ve done that problem also.
[05:04]
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Now the alternative is to put in numbers right from the beginning, right, and work
through and work out the arithmetic, right. And, that’s very easy to do on a computer.
But the problem is, that it’s not general, right, you have to put in the numbers to start
off with. And so, to find out what’s going to happen, you have to run essentially lots
and lots of experiments with different numbers, input. And, and that, I mean, you
know, it’s, it’s less general, and it makes for rather dull papers, because you’ve got all
these different examples, and, you know, that’s not what the reader really wants. The
reader wants you to understand the thing properly, and come up just with essentially
one equation representing whatever it is you’re interested in.

Mm. And it’s almost like a, a portable equation which can be beamed onto other
situations.

Absolutely. Yes, absolutely. But sometimes the, the algebra to get there... I mean the
equation may in the end be quite simple, but the algebra to get there, well like E=mc2,
which is the one everybody knows, now the algebra needed to get there from the idea
of relativity is non-trivial, right. The result is trivial, right, but the algebra is not.
And, you know, that example really shows exactly the point, I mean, the equivalence
of energy and mass, and that’s the... If, if you want to know what the, you know,
what, what the equivalent energy is, then you divide by the speed of light and that
gives you the mass, and, and you know, doesn’t matter what the energy is, it doesn’t
matter what the mass is, it’s completely general, right.

[06:47]
Mm. Yes, thank you. What I’m not imagining is you, at the moment, and this may be
because you didn’t, playing, playing with toys, playing with games. You mentioned...

No, not at school. I mean I was too busy.

When you went back to the, Andover at the weekend...

Wendover. Yeah, we only had one day.

Mm.
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Which was Sunday, right. And, I mean, my mother was the boss, and, she wanted to
plant... She wanted to garden, so I spent quite a lot of time digging holes for trees and
that sort of thing. And it was a big, it was, I mean, by the time I was at Westminster, I
mean the house... the garden was about two acres, and it was in a seven-acre field, and
she planted the two acres with, with shrubs and trees, and, you know, in the winter it
was a matter of digging holes, and in the summer, mowing, right, it was quite a big, it
was one of my memories always, that there were endless, you always had to do things
when you were there. There was no peace and quiet, you couldn’t just sit, right.
Because you were only there one day every six, and always had to do maintenance.
And so, Indira and I were quite determined never to have two houses, right, like that,
because it was just, you know, just constant maintenance.

So the gardening, where was the garden, the gardening, and the planting happening,
which of the houses? Presumably not the first one, which...

No, the first one, no, the first one we didn’t.

No.

I mean, but, but, I mean remember that, at seven, I, I left the first one and went to live
in London. The second one we did a bit of, but, but it was really once I went to
Westminster, the public school, right, from thirteen to eighteen, that was when I was
some use, in terms of digging holes.

And where were you digging the holes, at which house?

The one, the one we built.

The one you built, which is, from, about 1956? Yes.

About then, yes.

[08:44]
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And could you describe the setting of that house? You mentioned that it was in the...

It’s, it’s still there. It was... She... I mean she, she wanted to... It was south facing,
in the Chilterns, so the soil, it had about three inches of soil on top of the solid chalk,
right. So it was a matter of doing things with pickaxes, right, to get, to break up the
chalk. She wanted to plant really the whole of the two acres as a sort of landscaped
garden, because she was already very interested in landscape gardening. But, she
herself wasn’t strong enough to actually do that. She could do some of it. She
planted things, right, but, but couldn’t actually dig. Because, it was just about when
we were building that, that she got, she had a, a, what’s it called, arthritis of the hip,
and so, she... And she dealt with that; I mean in those days, people didn’t replace
hips, but what you could do was, restrict the movement of your leg, and when the,
when the joint collapsed a bit, then she had her shoes, she had her, one shoe built up
and the other one cut down, so that, it was different. But... And, and that, I mean,
because she was very disciplined, she never moved her leg more than a certain thing,
and so she got all kinds of professional advice. And, it meant that actually, she wasn’t
disabled, and could walk without a stick, and, and, and, and that was fine. But, it left
her with not the same strength as she had before, right. And she was also very
bothered about upsetting it again, and making it bad.

[10:42]
Now, one reason why someone may listen to the recording is that they may be
interested in your mother’s career for example, and I know that, in New Lives, New
Landscapes, which I know she wrote later than this period that you’re doing the
gardening, she has a great interest in the arrangement of what she calls material,
which is different kinds of plants and forms in the landscape.

Yes.

Almost a kind of, photographic framing of the landscape...

Yes.
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...or construction of the landscape in certain ways. So I’m quite interested in as much
as you can remember about how your mother was setting out what you called a kind
of landscape garden at this house that she built. Now I realise that you, you were
going back on a Sunday and, and gardening for her and taking instructions, and that
this was a while ago, but anything you can remember of the kind of logic of the
garden that she was creating.

She, I mean, she did it by drawing. Not in... I mean, in plan, rather than by drawing,
you know, as an architect would with trees and stuff. And she laid it out very much, I
mean that’s why she wanted such a large garden, she laid it out, mostly with, with
native plants, rather than with imported ones. Though, like all gardeners, she couldn’t
resist some of the ones which are imported. The, the house was a big field, quite high
up actually, in, in the Chilterns. The house is still there. And, and most, I mean, a lot
of the trees that we planted are also still there. She had a very thorough understanding
of how to grow things, and planted densely, and, with the aim of cutting out about,
everything, leaving only about one, one tree in six. And this is what hasn’t happened,
because, I mean, the house, I mean, well she died long before this would happen. And
so it’s got very overgrown now, and it doesn’t look at all like she imagined.
[13:04]
But she wanted to frame the view, which was quite special, because it’s, it’s a, an area
of, of, of, whatever it’s called. Outstanding natural beauty or whatever. They’ve got
some term. So, it’s all preserved. And she had a great deal of trouble in, in getting
permission to build this house, which she argued was in-filling, and that was allowed.
But in-filling a seven-acre, you know, if, if the field was seven acres, it’s quite a large
area to, to class as in-filling, so she, she went off to the, the Council and, and
basically, you know, got her way with the, [laughs] the way that she was adept at.
And, and, so she planted these native trees to frame the view, right, which still is
really quite, it’s very beautiful. It’s now, the area is now called Wendover Woods,
right, and the house is still there, as indeed are most of the trees there. So that’s, that
was her idea as to how to do it, and it was the first garden she had laid out and, and
designed really, right.
[14:13]
Because the, the previous houses was the one in the village, the one in Wendover
itself, that had mature trees and all kinds of things, but she, she planted a great deal
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there, right, but, but the framework of that garden was, was already in existence. And
that’s now been completely covered with a housing estate, that’s all gone, except for
the, the house itself, right.

So, this garden that you’re, the two-acre garden that your mother...

Yes.

That is now called Wendover Woods? Or the area?

No. No, the, the area is, is called Wendover. It’s called the New House.

Do you remember which species of plants you were planting?

Oh yeah. I mean, lots. The, the framework of the garden was, was beech trees really,
beech and yew, and silver birch. And still is. I mean it’s, it’s still there, but, it’s not
really very much changed actually, other than that the trees have grown very large
and, and should have been thinned and, and kept. What else did she plant? She
planted, berberis, she planted, various things. [pause] Sobaria aitchisonii. What
else? Some of them did, some of them didn’t do. Because, there’s a very strict... I
mean, you know, if you’ve only got that much soil, and it’s chalk, you have to plant
things which will survive in the chalk. Berberis particularly does quite well. But,
most of the things I grow out here, right, you couldn’t grow at that house, right.

[16:03]
Much later she develops what she calls a code of landscape practice, specific rules
about how things should be planted. Do you remember what she was telling you
about where things should be put in relation to each other?

No, she, she... At that, at the time that she was designing this garden, she hadn’t
thought about landscape architecture in the way that she did later on, as to actually
how the... I mean the centre piece of New Lives, New Landscapes is about how you,
you reconcile really modern way of living with the existing landscape, rather than,
you know, how do you design a garden? She wrote a book also on the, the history of
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gardens, right, which is not really concerned with, so much with landscape gardening
as, part of it is concerned with landscape gardening, but it’s just concerned with, you
know, gardens, way back, you know, in... and, and about the part they played... It’s a
very scholarly book, about the part they played in people’s lives, you know,
particularly in the Middle East with water and this sort of thing, right.

Mm. That’s Men and Gardens.

Yes. Yes. Yes.

[17:23]
Thank you. And, can you tell me anything you know of her decisions in terms of the,
or, both of your parents’ decisions in terms of the building of the house, its, its design
and construction?

[laughs] Well it was, it was her, not, not my father. My father just wanted a
comfortable room that he could listen to his music. She... I mean, she was not a
qualified architect, ever, but her brother was, Alec [Alexander Fairbrother]. And so
she got him to, to, essentially draw up, do the drawings for the house, under her
instruction totally, right. And she had various notions about it. She, she liked these
big sort of factory windows. It’s a, they’re quite, they give you a lovely view, but by
gum are they cold. It was an extremely uncomfortable house, it was bitterly cold,
right, in the winter, and very very hot in the summer. It had no insulation at all. And
it had these big galvanized windows of, of plate glass facing south, so, it had these
wonderful views from the inside. And, her brother was, oh, quite a lot younger, I
would guess five or seven years younger, and, she had always been completely
dominant in his life. And, he, he developed into a, a large man, he was considerably
taller and a lot heavier than I am. And, you know, very reluctantly, right, was bossed
around by her, right, to act as the architect. And the house itself was, in my view, not
well designed, right. And it’s now been broken up into, to a set of flats, right, which,
I mean I think she actually could have done very much better [laughs] if she had
actually used a professional architect who, actually more, not exactly dominated her,
but, but, but had kept a bit more control on the thing, and, and I think it would have
been a nicer house.
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And what were her priorities in its design?

The view, right. The view and the garden, right. Hence these huge windows, right.
And, and it was just a series of boxes. I mean you know, the rooms were just, you
know, just the sort of house that you’d build as a, as a child if you just sort of, you
know, were told that you had to have, you know, however many rooms it had, one,
two, three, four... And it had one thing which I remember very well, which gave me
the idea, which was an indoor, not exactly conservatory, but it was, was, it had a big
window on the south side, but it had beds which went through into the soil below, and
that worked very well, because of the fact that we weren’t there during the week to
water things. And so that’s what we’ve done here, all of these plants, all the, the big
plants, go through into the soil below, right. And, and so, you know, they can look
after themselves for quite long periods.

And, was it self-consciously modern or traditional in design? Did you have a...

No, it wasn’t anything. It was, it was severely practical really.

Mm.

I mean, it was built out of, of a nice brick which was sort of Cotswold stone colour. It
had cement tiles, extremely massive on the roof, because they lasted. It had these,
these galvanised frame windows, because they didn’t rust, right. I mean, you get the
idea. I mean it was, was really, you know, so that, it had low maintenance on that.
Which was a jolly good thing too, because, you know, we were only there for, you
know, one day in seven, and, and, you know, she didn’t like doing housework.
[pause] Yeah, no, it was, the concept was excellent. It just needed, quite a lot more
of, you know... It had one radiator, and it had a, a, it had an electric immersion heater,
and it had a, a coke... There were no, there was no gas there, we didn’t have oil
central heating. It had a coke, a coke boiler which heated the water for the one
radiator and the bath in the winter. But there was only one radiator and the house had,
oh, probably about, twelve, fourteen rooms. So it was not warm.
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No. And your... and the London...

My memory of, of childhood was cold. [laughs]

Yes, because the London house was...

The London house was just as cold. Yes. Yes.

[22:40]
OK. Could you, could we then now talk about Westminster School?

Yes.

And, yes, perhaps, if you could say more, in detail, about the teaching of, of science,
which you said started...

Which was excellent.

Mm.

Yeah. They had really first-rate teachers, and, and that was, was where I sort of, first
got interested in, in... You know, I, I’d been interested in botany really because of, of
my mother and the plants. But that was when I first discovered essentially physics,
right, and, and the fact that, that the, the maths involved in physics at, at that sort of
level, is very like Euclidian algebra, right. Chemistry, I, I never, I can never
understand why I was so keen on chemistry, it beats me, right. And I came up to
Cambridge wanting to be a chemist, and, and I lasted all of one term before I decided,
no no, I was going to do physics. We’ll come to that later. But the, the... I mean, that
part was really good.
[23:53]
At the beginning at Westminster I was still in, in my pre-puberty stage, and, and
wasn’t doing science and was miserable. And then, then, started science and did
extremely well right from the word go, and, and then took O-level after two years, and
the... There was a sort of guide to the level. The, the top maths set which was what I
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was in, was not expected to take ordinary maths at all. It was, we only took the
advanced paper, and it was, it was expected that, of the, the group at the top, of which
I was one, that half of them would get 100 per cent in all papers, right, [laughs] that
was the level. Which isn’t very hard in maths, I mean you know, get the answer right,
that’s it.

Mm.

And, and we took it a year early, right. So, you know, the, the... that gives you a clear
idea of what the maths teaching... It was really excellent, right. And so was the
physics and chemistry teaching, was equally good.

[25:02]
Can we take each in turn and, see if you can remember some details of how these
subjects were taught. Given that, in, in remembering your life, this is a, a key sort of
changing point.

Yes.

And, could we start then with physics, and, can you tell me as much as possible, that
you can remember, about how it was presented, how, how you became aware of what
was...

Completely traditional, right, with lots of homework, right, as I said, I mean you
know...

And, what is traditional physics teaching then?

Oh, I mean, you know, mechanics, oscillations. Heavens, I don’t remember, it’s too
long ago, but....

Were you, were you shown anything practically, or did you do anything practically at
that...?
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Yeah, no, there were experiments. Yes. Well the experiments, physics experiments,
so you measured things, right. You, you didn’t do demonstration experiments, you...
You know, you, you would, you know, swing pendulums and this sort of stuff, right,
rather than, than demonstration experiments. Did a few demonstration experiments in
chemistry. But then, again, most of that was hands on, with things which nowadays
would absolutely not be allowed. You know, how do you identify what, what, you
know, given a salt of a metal combined with something else, how do you identify
what the metal is? You pump hydrogen sulphide through it, as a gas. Well hydrogen
sulphide is one of the most poisonous gases that there is, right. And yeah, you did it
in a fume cupboard, but the whole place stank of H2S, right. You know, the,... there
was essentially no, we none of us wore goggles, there was no attention to any sort of
safety. It was all purely scientific, right.

How was the chemistry lab laid out, do you remember?

Benches, right, with reagents on glass shelves in the middle. And there was
everything there, I mean, you know, really, nitric acid, sulphuric acid, hydrochloric
acid. Extreme strengths, you know. Absolutely no problem, you know. [laughs]

Presumably at that stage no instrumentation in chemistry was...

No, none. No, it was...

Nothing observational, no?

No. No. No there was no, there was no electronic instrumentation in anything. And
that was true not just then but also as an undergraduate here, right.

[27:39]
And, what can you tell me of the chemistry teacher at Westminster School?

Very precise he was. Very fussy about details. Rather dry. There wasn’t... There
wasn’t... None of these things was it a, a particular attachment to the teacher; it was,
was that, they understood their subject very well, and I really appreciated, you know,
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what I was being taught, right. As against, you know, history and languages and
English and writing essays and all that. Latin, I dreaded. I was very very happy when
I got through O-level and could give up all that.

[28:19]
Is it the lack of writing then in science that you liked?

No, it was the logic. No, I mean, the... I... [pause] It, it... I couldn’t see the point of
writing essays. I still don’t see the point of writing essays. It is extremely bad
training. I mean you know, with graduate students now, I have to stop them from,
you know, if they... because, they tend to be rather bright, and so they, they’ve gone
through school and done well in all these things, and it’s extremely bad education for
writing scientific papers, right. You know, you try to write interesting English.
That’s exactly what you shouldn’t be doing. You should try to be writing extremely
clear English to describe what you’re doing, and what you’ve understood. And, and,
the other thing about writing scientific papers is that, and this was pointed out to me
by one of my friends, almost all your audience, their first language isn’t English. So
for goodness’ sake, don’t use interesting, you know, constructions. All that does is, is
confuse them, right. So it’s, you know, I, I, you know, it takes me a year or two to
knock this out of them, right, before they can actually write things, which, which are
clear, as clear as you can possibly make it. And that was absolutely not what we were
taught to do at school. It was my mother actually, but I’ll come to that later on. It
was she and, and Teddy Bullard who was my supervisor, who knocked it out of me,
and taught me how to write clear English, and, you know, that’s one of the reasons
why I’ve been so successful, right, is because I do write very clearly actually.

[29:56]
You said that you, you came up to Cambridge wanting to do chemistry because you
had liked chemistry so much at Westminster School.

Yes.

Do you remember now...
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Why?

Putting yourself in your shoes then, what about it, what did...

Beats me.

You’ve mentioned...

[laughs]

You’ve mentioned a lot...

Beats me, I can’t see what the appeal was. [laughs]

You mentioned that logic, in general talking about your encounter with science, and
logic was something that appealed to you.

Yes. Yes.

And do you remember the logic of chemistry, that you...

Yes. Yes, and I, I can still see that, that, at a fairly simple level, it is... I mean, the
chemistry I was taught was very logical. But, I mean, for instance, one of the things
which I had no understand of at all at school was that, the colours of different metals
and their salts, all of that was understood. I never got a clue about that from that
school. You know, that’s quantum theory basically, quantum theory of solids. And,
you know, frankly, once, once you really have a good understanding of physics,
chemistry is just a, you know, a sideshow really. Some of the... The things... Not...
That’s not quite fair. The organic molecules are so large and complicated, right, that,
that it isn’t useful, right, to, to try and do that ab initio, right. But, but all the rest of it,
I mean all the chemistry which, of, of metal salts and stuff, all the inorganic chemistry
which I was taught at school, all of that’s just really a branch of physics. [pause] I
need a loo.
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[End of Track 2]
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[Track 3]

I wondered whether you remembered any... You’ve mentioned one with the, the gas
through a chemical. Do you remember any other particular experiments in chemistry
that you performed or witnessed at this, at public school?

No. No, I mean, I must have... It’s all one blur now, right, I mean, and, and... I mean
it left me with quite a good understanding of chemistry which I have used. I mean, I,
I guess nowadays I would describe myself as a geochemist, right, more than a
geophysicist, because, doing, understanding the physics of the Earth through its
chemistry is, is, is what I spend most of my time worrying about now.

And, do you remember any particular... I know you’ve mentioned a couple, any
particular experiments or demonstrations in physics?

[pause] No, not really. I mean, it’s a blur to me with, between that and applied
mathematics, right. The, the, Prague, the German, taught pure mathematics, but
mechanics and physics, right, are so closely intertwined in my mind, right, and,
electromagnetism and that sort of stuff, is... And, and of course, I’ve gone on, I mean
I’m, I’ve always been a physicist, so, I mean, exactly what I remember from when is,
is a muddle, I mean, because it didn’t stop, right. And so it all got sort of merged
really. No, I’m sorry, I can’t do much with that.

And, the physics teacher, do you remember anything of the physics teacher?

Oh yes. Yes yes. Yes yes, Austin Stokoe. Yup. He, he was quite young. He had
been an undergraduate here at King’s, and various of his friends had stayed on as
fellows of King’s, and he had, he had become a schoolteacher, and he taught physics
extremely well. And, you know, I had quite a close relation with him, because of the
fact that, that, you know, I, I was quite clearly the best physicist in, in the class, and
probably the best physicist that he taught at that time. That I don’t know, that I’m
guessing, but, but certainly he, I mean, you know, that, that worked very well. And,
and I got on with him, I liked him.
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[02:42]
What was involved in being an excellent physicist at that age, in his class?

Oh, whether you could... You know, particularly prep, whether you could solve the
problems, get the right answers, right. You know. It’s... I mean, a lot of it is, is
rather like doing maths, of, you know, doing algebra on these things, and, and getting
it into the right form. And I was, was both good at that and good at seeing what
mattered, right. And, you know, I would say that I was, I mean, you know, that... I
have remained, right, a thoroughly respectable physicist throughout my life. I mean
I’m, I don’t... I, I’m not technically a physicist, but my approach is, right.

Why not technically a physicist?

Oh because I’m not in the Physics Department.

Right. Yes.

Right. No.
[03:44]
What was your parents’ reaction to this new sort of, aptitude that you discovered?

Oh my, my, my mother was, was very happy, you know, partly because, I mean, this
was, not an area of science she knew anything about, and also because, you know, I
had been a worry to them, and I was clearly no longer a worry. My father had a, a, I
mean, had a, a fairly minor attempt to get me interested in the biological side of things
and, and, you know, become a doctor, but never, I mean he didn’t, didn’t really mind.

How did he attempt to?

Oh just, to encourage me to do biology rather than physics, right. But, you know, by
the time he tried to do that, it was, you know, dead loss basically, you know, I...

[04:41]
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And, what did you think of biology as a, as an option, as a subject at that time? What
was your view of biology? We know your views...

Oh I just wasn’t... I mean, you know, too much memory, basically. It’s true of most
of these things. And, you know, I’m not... I mean, you know, well we’ll come to that
later, but, I mean I, I, I did geology in my first year here, and that consisted of, you
know, learning all the parts of, you know, how to describe the, the animals which
were used as, as fossils to date things, and being able to recognise them and say
exactly what the level they came from. And, I, I don’t have, I don’t have such good
memory now, but, those days I could just suck this stuff up, but I thought it was
completely pointless, right, I mean, doesn’t go anywhere, right, and, you know, I
absolutely think that now. If that’s what you want, you go to somebody who makes a
specialist in it, right, and it’s all in the books and you do it properly, and you don’t try
and, you know, you don’t do it like, you know, don’t trust your, your memory to that
sort of thing.

[05:50]
Now, now before you discovered these, these disciplines of science at Westminster
School, you’ve mentioned off the recording that you had an interest in natural history.

Yes.

Could you say more about that please, where you did your natural history and how
and what...?

Really, it was, you know, from, from the chalk hills, from the, the escarpment of, of
finding flowers and things, and, and of going bird-watching with my father, who was,
who was a keen bird-watcher, right. And, you know, I, I found it, I found it very
interesting, you know, just to... more at the level of being able to put a name to a
plant, rather than having any understanding of, of evolution or anything of that kind,
right. So, I mean, naïve sort of collector’s, right, approach to the thing really, rather
than, than anything scientific. But, I mean... And I still have a strong interest in, in
natural history, right.
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Were you consuming any of the kind of popular natural history books or the radio
programmes of the time?

No. No. No, it was, was, was, you know, going out and looking, rather than... No, I
mean I... [pause] There must have been some, but I... I mean, you know, I was
pretty busy, and, and before things like tape recorders and stuff, right, you, you know,
you had to listen to it when it was being aired. And, and, my parents wouldn’t have a
television in the house until we left home, because they said television was rubbish.
Well, there wasn’t as much rubbish as it is now, but, I mean it’s, it was... I mean, no,
we didn’t watch television.
[07:51]
I think this, mentioning television leads on, because you said that they felt it was
rubbish and didn’t have one until you left, makes me want to ask about the kind of
morality of home, what sorts of things did your parents value and, what sort of...

Oh strongly left-wing. Unthinking, I would say... Unthinking’s too strong. Wouldn’t
dream of voting anything except Labour, because of its social policies. And that was
why my father joined the National Health as soon as it was set up. And, I mean, it
was quite a bond between them, because, my mother really had, had, had made it out
simply because of, of, of the, the modern welfare state, I mean, in the sense that, that
her parents were really very poor, she couldn’t possibly have had the sort of, of
education and all the rest that she had, without the, the measures of the Labour
Government. So it was, was strongly left-wing, they were, I mean always read the
New Statesman, right, and so on. But, to my amusement, even then, and I was aware
of this being funny, is that, my, my father took the Times, and my mother for some
reason always read the Daily Telegraph, and gradually her views, she would always
vote Labour, but her views, [laughs] slowly migrated from being left-wing to being,
[laughs] really, not exactly high Tory but, but much more Conservative as she got
older. And I put that down to, to the, [laughs] the subtle influence of the, of the Daily
Telegraph. [laughing] Which is not a paper I like.

Was there any political engagement apart from voting and newspaper reading then?

No, they weren’t political in any way. No.
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And, in, in sort of...

And, and furthermore, they, even though we lived in, in central London, none... I was
going to say, none of their friends were politicians, that’s to strictly true. There were
one or two. Peter Benenson, who started Amnesty, was a close friend of, Peter and
Margaret Benenson, a close friend of the family. And he, he stood as an MP, but
didn’t get in, right.

[10:11]
And, putting politics on one side, when you think of your parents bringing you up and
attempting to produce certain kinds of civilised human beings, you and your brother,
what sorts of things did they value and promote, and what sorts of things did they
condemn and squash and, restrict?

Oh, just the same way as we’d bring, as Indira and I... I don’t think... I mean, you
know... [pause] Honesty, don’t get into debt. You know, all completely standard,
upper middle class things, of a, a fair, of a conventional variety, I mean... Just trying
to think whether, whether I know whether they even had a mortgage. Certainly would
never dream, any more than Indira and I would, of going into debt for anything except
houses, but I’m not even sure they did that. I’m not, I don’t even remember that.
Certainly I can’t remember any discussions about mortgages. And, you know, they
didn’t have a credit card. I’m quite sure, because of my mother’s background, that
they were never in debt, right. It was really, you know, quite strict, but not, not
prejudiced at all, I mean, and, and with no... I mean, I remember my father was...
There was a, a group of, of doctors who formed a travel club, which you could join,
and, you had to be put up to join it, and, he put up one of his friends to this, and, the
guy was blackballed, because he was Jewish. And whether my father even was aware
that he was Jewish, I don’t know, but he was so disgusted with this, he resigned, right.
They were really, very strongly against any sort of prejudice at that level, right. And
against blacks. I mean, they were proper, you know, upper middle class, London
intellectuals, of a, I mean socially, thoroughly conservative nature, I mean, you know,
wouldn’t dream of... And, and part of that was, was really, my, came from my
mother’s background in Leeds. Because, you know, the, the working class just
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dreaded ever getting into debt, right, and they... I mean, she really didn’t have any
idea as to, you know, economics and cost of money and all the things which, which
most people nowadays have really quite a decent understanding of, right.

[13:05]
And... Yes, do you remember being told off, and if so, what for? In other words,
being in trouble with your parents, being brought up on something, being...?

Oh, table manners. Ah, God! yes. You know, very strictly instilled into us as to how,
how we should use our knife and fork, and how this... You know, quite gone now I
think, in terms of that sort of thing. [pause] In terms of not being rude to people, you
know. But, you know... I would have said that, that, I mean Indira and I brought up
our son James exactly the same way as, as, as we were brought up. I mean, I don’t
think terribly much to say, which is interesting, about, you know, I don’t think the, the
way the upper middle classes have, have brought up their children has changed very
much in, well, certainly not in the, whatever, sixty-odd years since, since I, I’ve been
involved.
[14:13]
And I, I mean what, what I didn’t say and probably should, is that, that my parents
lived together before they got married, right, and, and, that, you know, that was no
great deal, you know. The sexual side of things was, was, you know, they were
completely relaxed about that, right. Mustn’t get your girlfriend pregnant, that was
what, that was a constant refrain then, because, I mean it was right at the beginning of
the Pill, so, if you... that was a concern, right. And you couldn’t just get an abortion
like that. So that, that we were firmly instilled into, once we reached puberty. But
that was very rational. [laughs] I’d do exactly the same now, if it wasn’t for all the
modern medicines.

[14:59]
And your relationship with your brother, is there anything...?

We don’t really... We, we didn’t get on. And, partly I think because we’re very, very
different, and very close in age. He actually came... He, he’s now an American
citizen, and lives just outside Washington, married an American girl. And, he came
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with his two children to stay, about ten days ago, and that was the first time I can ever
remember it being a, a relaxed and enjoyable time to spend with him. It was always,
there was always trouble between us, you know.

At this age then, at Westminster School age, in what ways were you different? You
said that you were different.

Oh completely. I mean, you know, first... I mean before that I was, was this
completely un-self-confident kid who did, was not doing well at all. He was totally
self-confident, and very good, very clever. Did all kinds of things. Then, you know,
our relationship changed completely, right, when I took off, and I don’t think he ever
really quite recovered from it, right, because he had always been the clever one who
was, you know, doing well and all the rest of it. And, you know, from then, from,
after Westminster for quite a long time, he didn’t do well at all. You know, he, he got
bullied into training as a doctor really by my parents, who didn’t know what he was
going to do. And that didn’t work and he dropped out of that. And, and then, he, he,
he went into architectural school, again pushed by my mother, who was trying to find
him to, you know, something where he could earn his living. And he did OK in that,
right. And then he went to the States and met Ricki. And, and you know, got clear
of, of pressure from my parents, right. But they never put any pressure on me to do
anything. I mean, my mother was very proud of, of my success; my father, caused
him to, it caused him to be jealous. And there’s wasn’t much I could do about that,
you know, he didn’t like the fact that, you know, I’d got a fellowship at King’s and
all, all the things which, you know, he thought were really a sign of success when he
was an undergraduate, and, you know, would have liked to have done it, and, and, and
I did it really without very much effort, right.

Why were you not pushed into certain directions, apart from your father...?

Oh, it was purely practical. They, they, they were concerned that, that we should have
a, a middle-class life and, and a decent job, right. And, I mean, unlike for instance
Teddy’s parents, who thought, who had no understanding of academic life, and, and
were terrified when, when he became a, a lecturer here in the Thirties, you know, was
he ever going to earn his living, my parents were perfectly well aware of the fact that,
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that, you know, I was doing very well at Cambridge and had a, a, a perfectly good
academic career ahead of me.

And, you said there was always trouble with your brother. Can you say how that
manifested itself?

Oh we just fought. You know, it just was, was tension all the time, just about
everything, you know.

And how did he, how did he respond to you suddenly doing well at school?

Didn’t like it, right, didn’t like it.

[End of Track 3]
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[Track 4]

I wonder whether you could start this track by telling me about the process of
deciding upon and applying to go to Cambridge.

Yes. This was very much the, the old days. Westminster had at that time a strong
connection with Trinity, and, there were... The... There were things which are called
closed scholarships, which were scholarships which were reserved for people who
came from Westminster, and no one else could apply for them. And, partly for the,
partly because this was, was very sort of, tempting, and partly because of the very
strong connection between Westminster and Trinity, nearly all of my friends from
Westminster doing science decided to go to Trinity. And I thought, well, you know, if
I do the same, I’ll be with the same group of people as I’ve been with for five years,
right, and, you know, that, I thought, well, it would be quite nice to do something else.
And, all the Cambridge colleges at that stage did their own admissions, there were no
groups. So you applied to an individual college and they actually decided whether or
not to accept you. So I applied to, I think three colleges in Cambridge and three in
Oxford, and, my physics master who came from King’s knew the people at King’s,
and wrote to them and said, you know, ‘Dan McKenzie’s applied. I think you should
interview him.’ And this was, I suppose, it must have been at the, four terms after Olevel, must have been about, yes, that’s right. So I was just beginning the year in
which I would take A-levels. And I came up here therefore with no examination
results except O-levels, and a recommendation from, from one of my teachers. And I
don’t know what else, I mean I don’t know whether they wrote to anyone else. I very
much doubt it. And, and I was interviewed by the admissions tutor, who was a
famous classicist, John Raven, who I, I liked him very much. He was an amateur
botanist, right, and had a house in the Highlands, and, we talked at length about the
orchids of the chalk, and about Dostoyevsky, and on the strength of that, he gave me a
place to read physics [laughs] at Cambridge. And it was, you know, it was totally the
old school tie. There was no, no nonsense about it at all. It was exactly the, the flip
side of why my mother had got turned down by, by Newnham.
[03:19]
And, so that was that. So I then removed my, my applications to the other colleges.
Because it wasn’t a conditional offer, it was a, it was a firm offer, right, on no
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examination results. And then I’m glad to say, I got a, I did extremely well in my Alevels, and got a, a state scholarship. And then I took the, the entrance scholarship,
you know, because, in those days, the entrance scholarship to Cambridge was, was
held just before Christmas, so you stayed on an extra year at school and took this.
And, I mean, we got rid of that some time ago now, because of the fact that it’s so
biased, the results, in favour of schools who had such a large group of people who
were applying to Oxbridge that it could actually afford the teaching overhead of doing
that, and that was, that biased things in terms of, against the state sector. But in those
days that’s what you did. And so I took my A-levels, stayed on at school and took the
entrance scholarship, and got, I think, well I certainly got a major scholarship, and I
think I got the top scholarship in, in the natural sciences of that year in that group.
And, so, after... clearly everybody after that felt all right, I mean, [laughs] they may
have done it on the old school tie but it was... you know, but, the guy was all right.

Yes.

[04:50]
And then I rather wondered what to do, because, you know, I had then, not exactly a
gap year but a gap two terms, and, I thought about it and I thought, you know, the
maths teaching at Westminster I thought was going to be better than the maths
teaching at the university, right. So I had done maths for natural sciences there, but I
stayed on and did, A and S level maths, right, at Westminster, and rowed. I, I, I hated
ball games, but I, I was quite, I was quite a good oar. I wasn’t quite big enough or
heavy enough. I, I, I needed to be, you know, six foot three, six foot four, and the
same build, and then I would have been fine. But I was quite a good sculler. And so I
rowed, not in the first boat but in the second boat, I wasn’t heavy enough. And I had
really quite a good time. And got really quite politically active too, right, because I
had a, a, a group of friends in London who were very left-wing and, you know, went
to demonstrations and this sort of thing. And, didn’t really, I mean, the, the school
was completely relaxed about whether I was there or not, you know. And then I got
another state scholarship in maths, right at the end of that year.
[06:09]
And then I came up, then I came up here, to read natural sciences, which is, which
covers a whole range of things. And, what I had to decide was, clearly I was going to
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do maths, physics, chemistry, right, but, then and now still, you have to do three
science subjects, and maths doesn’t count as a science. So I had to start something
new, and the choice, and the... you’re a bit restricted by the timetable, because, you
know, clearly, can’t arrange, right, that everybody could do every possible option.
And the choice was between geology and physiology. And, I mean, this part I wrote
about in, in the article which you’ve read, I simply took out the books from the school
library on these subjects and sat and read them. And the physiology books were all up
to date, and they were all written for medical students, and were they dull, right.
Geology was not taught at Westminster, but they had various books from, left over
from the nineteenth century, including Lyell’s book on the principles of geology,
which is the book that Darwin took with him when he went on his round the world
cruise in the 1830s. And, and that was a marvellous book. I read that from cover to
cover, and thought, right, this is for me. They also had a more recent one which was
Geikie’s Ancient Volcanoes of the British Isles, which was the first time I realised
what you could do with geology in terms of, of, you know, reconstructing the past
history of the country, and, especially, you know, why are the Chilterns where they
are? You know, all these things which I had known since childhood, but never really
thought about, and, and, and it opened... the whole thing opened my eyes completely
to geology.
[08:14]
So I came up here, and did maths, physics, chemistry and geology. I found the maths
in the first year trivial. The physics wasn’t very hard. The chemistry was boring.
And the geology was awful, you just learnt the names of fossils and, you know, what
age of stuff they came from. So, I mean, I can’t say I got a great deal out of natural
sciences, Natural Science Tripos in my first year. But, nobody cares in this place
what lectures you go to or what you did. So I just simply wandered round the
sciences, right, going to lectures of people who I thought were going to be interesting,
like Dirac and, and, and Hoyle, I remember I went to a whole load of lectures, from
completely, you know, from the Maths Tripos, whatever. And nobody cared at all,
nobody fussed, right, I mean provided you were, you could do your supervisional
work, you know, essentially you were... your homework, right, and, and do all that,
and I could do that without effort. So my first year was a huge education in, in the
whole range of, of, of, you know, the sort of, more numerate natural sciences. And I
enjoyed that enormously, I thought that was terrific. And I kept quiet about what I
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was doing, I, didn’t particularly, [laughs] I thought I’d get into trouble. [laughs] And
I’ve never regretted that.

[09:52]
Shall I pick you up on a few things you’ve said so far?

Yes, certainly. Yes.

At the interview, how was it that you knew about the novels of Dostoyevsky?

Ah. Yes, I hadn’t explained that. My parents were, had really a very large library,
just stuck in bookcases round the house, and, when I sort of grew up at Westminster
and stopped doing all these subjects, right, in the boring way they did at school, I just
read everything which was in the house, right. And, you know, I read novels, I read
all kinds of things. Just everything that was there. And of course Dostoyevsky was
there, right, and, you know, things like Machiavelli, and you know, I read Machiavelli
before I had ever heard of him. And, and, was completely nonplussed to, to discover
that he had this wicked reputation of being so nasty. He just seemed to me
completely, you know, this is applying straight logic to the situation in which he
found himself, you know, and, the situation of Northern Italy at that time. And I was
amazed when I discovered what a reputation he had. All kinds of things I read. And,
and I still have a, a, it’s got, it’s got a bit dim now, but, for, for... I mean when we
were first married, I knew a huge amount of, of English literature, which Indira had
never read. You know, all kinds of things. And, and that really dates from that time.
Because after that I got a bit busy, right, and, and, I also clearly found what I really
wanted to do, and off I went. So that was, that was, that was how I knew about
Dostoyevsky. I had read all the Russians, you know, all, all the British novelists,
nineteenth century, you know, everything, right.

[11:50]
Two questions here then. You, you’ve mentioned a couple of textbooks. Are there
books that you read during this period that stand out as being, as striking you
particularly at that age?
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[pause] No, it wasn’t like that. It was that... I mean, I, much more by reading,
understood why... I mean, you know, I ceased to be, then, after that, so surprised by
people’s behaviour and reactions. It was more my education about how people
behaved and thought, right, than, than actually, I mean, a particular book, right, which
impressed me.

Mm, yes I understand.

Yes.

Why do you think that you learnt about human interaction by reading, rather than just
by living? Why did you, why did you...

Don’t know. Can’t answer that question. I mean that...

Because you, you’ve spoken before about being confused about how people responded
to you, why they were cross with you and that sort of thing.

Yes. Yes. Yes.

And enjoying the logic of geometry.

Yes.

But it was through this reading that you, you feel you...

I grew up, yes, yes, yes.

[13:08]
Now obviously, when you went to, to King’s, 1960? Which is a little before C P Snow
for example was writing about the two cultures. But how... did you...

No, it was after.
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After?

Mm.

How...

Oh all that, all that stuff always annoys me.

In what way?

Well it’s not like that. There’s not two cultures, right. And I mean, you know, my...
I mean, enthusiasm that my mother had for, who was as arty and literary as you can
get, for the scientific stuff that I explained to her, and, her interest in science, I mean I,
I’ve never seen that as a, as a division. No.

Were you aware of it at, when you went up to King’s at...?

Yeah, and I found it boring as an argument.

Mm.

I’ve always found it boring. [laughs]

Mm. But were you...

I mean it, it, it’s putting people into categories, and it doesn’t work, right. And, I
mean, it... You know, people have... It’s not, it’s not the culture. They have... They
have a great variety of different reactions to, to, to what comes in front of them, in a
way. And to say that, you know, those two are separate, it makes no sense at all. I
mean, later on at King’s, when I was, was more senior and became a fellow, the
people I got on with best there were, were not particularly the scientists, right, and
that’s still true. I mean, you know, the... It, it just never has made any sense to me as
a notion. It’s, you know, it’s just a sort of, pretence in a way.
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And although it didn’t make sense to you, when you were a student, did you notice
that science students were viewed in a particular way, or that science students viewed
art students in a particular way?

No, no, my friends were, were distributed. I mean... I mean, it’s all, it’s always
seemed to me that people’s, people make friends with people whose personalities are
similar to them, and that has rather little to do with their intellectual life frankly.

[15:33]
Yes. Thank you. The reading of the geology books in the school library, this seems to
me, given that you go on to work on the Earth’s crust, then, I’d like to know if there
were any... You said that you read Lyell’s book all the way through, and you said,
this is for me. Can you say a little bit more about what in particular attracted you to
that book?

Oh it was, was, the whole understanding of, of, really of, of the landscape and how it
developed, and, and the history of the Earth’s surface. That was what I found
fascinating. And, and the, the arguments were, were, were very logical and
straightforward, and, you know, the whole proposition that what you do is look at
what’s happening now, and interpret the past in terms of that. And what is happening
now at the Earth’s surface is, is extremely varied and interesting, and, and it... It was
fascinating to me, to see that you could see all this in the rocks themselves. And, you
know, I thought it was wonderful, you know.

And across both of the books that you mentioned, Lyell’s and Geikie’s book on
volcanoes, I wonder whether there are any particular images that stay in...?

No no, it was the logic. It was the logic. No no, it’s not, not...

And, you then took geology, or went to geology lectures at Cambridge.

Yes.

And, said they were awful. Can you remember who was lecturing?
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Yes. Yes I can.

Ah. But you, you’re not inclined to say?

I’m not inclined to say.

OK. Could you then tell me about...

The, the problem... The problem with it was that, the subject had fossilised. That, I
mean, both of those books were written in the nineteenth century. The, the... It...
Geophysics had developed separately from geology, and there was a lot of animosity
between the geophysicists and the geologists, and that even now is still present in
places. And, at that time it was acute, right. And, the methods that we now use to do
geology, right, were almost entirely developed by the geophysicists. But the
geophysicists weren’t interested in the geology, which made both ends really quite,
sort of one-eyed really. And it was the, the, the absence, it was the absence of any
development really since Lyell which I found so depressing in geology, right. I mean,
there it all was, you know, my school book written in 1830. Well, crumbs, this was,
you know, 1960, and they really hadn’t done much since then.

And, I know, you’re, you’re tactfully not going to say who taught you, but can you tell
me how geology...

But this was, this was worldwide, I mean it was...

Yes.

It was nothing to do with, with Cambridge.

No.

The subject had ground to a halt.
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Can you tell me, having round to a halt, can you tell me what was being taught to you,
and how, in those...?

Oh yes. I mean, what was being taught to me was, was more detail from Lyell, right.
The methods had not changed, there was no use of, of modern physical methods. All
the things that we now do, right, in geology, just didn’t exist, right, you know, hadn’t
got decent aerial photographs, they’d got no measurements of the worldwide gravity
field. Seismology was not regarded as part of geology, no one really realised at that
time that mountains were built by earthquakes, right. I mean earthquakes were
something which happened and produced seismic waves, and geophysicists weren’t
really very interested in the origin of the earthquakes; they were just interested in how
they propagated. And the one bright patch in the whole of this was a book by Arthur
Holmes, which is that one, Principles of Physical Geology, which is a splendid book.

And you encountered this at Cambridge...

Yes.

...on that course.

Yah, yah. Yah, I think, I think that was one of the texts that was recommended. And
I remember being very enthusiastic about this, and taking it home, showing it to my
mother, who took it, and, she liked to read in bed, and that’s a bit big to read in bed.
So she took the carving knife to it, and cut it into six bits which she did up with
Sellotape so that she could read it in bed. I was furious! [laughs] And made her buy
me that particular copy in consequence

[20:06]
Why did this stand out in the course then as being...?

Oh because it was concerned with the big issues.

Mm.
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Right. I mean have you ever read it?

No. So perhaps you ought to say for the recording what the big issues were.

Oh the big issues were, things like continental drift, right; how did the earth get put
together; what was it made of and its inside. Trying to put, you know, geophysics
into geology. He was a geologist, but he was originally a physicist, right. And, it’s a
wonderful book.

And within that book, were there any particular images or, sections or passages or
descriptions or photographs, or, again, as a, a whole?

No. I, I’m not visual. I’m not visual. You’re trying hard. [laughter] But I, I don’t...
I mean, you know, there are some scientists who, and they tend to end up as
photographers. Ben Harte is one, and Marain Holness here is another. And they have
this, you know, ability to see things in, you know, visually, and to remember things
visually. And I don’t, right. I mean, that’s, this isn’t how I think at all; I think in
terms of, of ideas, and not in terms of, of images at all.

In that case, key ideas...

Yes.

...from this, from...

Yeah, well, very much that. I mean about, you know, things that I’ve just said.

[21:34]
Yes. Thank you. And what was your mother’s reaction, having cut it up and read it in
bed?

Oh she thought it was terrific. She thought it was terrific. Really liked it, that was
why she cut it up, right.
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Mm. Did your mother say why she liked it as a...?

Oh for the same, I mean, you know... She... Well, she, by that time she was writing
New Lives, New Landscapes.

Yes.

And, you know, to see how, how the landscape... You know, a lot of that is
geomorphology rather than, than, you know, the deeper part of the thing.

That’s fascinating, because having read New Lives, New Landscapes, it clearly, it’s
clearly informed by that kind of...

Oh yeah, she knew all about it.

...geological writing. Because she talks about the landscape regions, vegetation areas
formed by the geology that should be sort of, respected in planning.

Well what, what date is New Lives, New Landscapes? When was it first published?

I think it’s 1970.

Yeah, well that’s, you see she, she would have chopped it up in, in...

First published ’70, so...

1961, is when she chopped it up.

Interesting.

1962. She would, she, I... And I think she read it from cover to cover. And she had
a, a very very good memory, especially for ideas. But she was much more visual than
I am.
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[22:51]
Mm. Great, thank you. OK. So, you mentioned that, in your first year that you found
chemistry boring. Could you, with that in mind perhaps, could you tell me...

Why. It’s because, because, it... I suddenly realised it was part of physics, right.

Mm.

You know, once you’ve got, once, once you understand quantum mechanics, which I
hadn’t been taught at all at school, but I, that was, I learnt that quite quickly here,
right, then you realise that, you know, essentially, you can do all of inorganic
chemistry really with, with quantum mechanics. I mean you can’t actually solve it, or
you couldn’t in those days, you can now.

Can you explain how? I, I don’t know, I don’t...

Oh the, the... What, what controls chemistry is the behaviour of the electrons going
round the nuclei, and that’s straight physics, right. And whether they bond or not, is,
is simply what happens to the, the electrons, the outer electrons at that, right, when
atoms of different elements come together. And the colours are simply the, the, the
electronic energy levels, right.

So, could you describe the teaching of chemistry? I know that you found it boring,
but, the lecturer, what was shown, what you did.

Oh, it was, I mean, a great deal of it was, was reaction kinetics. But from a real sort
of, you know, potted point of view, right, you know, these were, were sort of...
Here’s a set of nuts and bolts. It’s like Meccano, it’s that sort of deal. There wasn’t
really any effort to go below that, right. And, you know, once you realise what it is,
well, fine, yeah, all right, you don’t need to do another element, right.

Mm. Who was teaching chemistry?

I don’t remember.
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Mm.

Don’t remember. I only did it for a year.

And what did the practical classes involve? You say...

Oh, stuff in the lab, the usual way of, you know, reagents, making things, identifying
things, all, all the standard things.

All wet methods again, no physical, no instrumentation to observe...?

No. No no no. No instrumentation. Wasn’t any instrumentation in physics either.

[25:08]
Could you tell me about the physics lecturers or lecturer and the...

The lecturers, what did we do? [pause] I don’t have a clear idea of what, what... But
the, the part which, what really made an impression on me was, Brian Pippard in the
second year, and he gave a course on quantum mechanics, right, and, taught very well,
he was a very very good physicist. And that was an eye-opener to me.

I think we ought to have a description of that, of those lessons then, particularly as
you’ve mentioned...

Well it was just, what... standard course in quantum mechanics, right.

And would this be, him at the front with a blackboard...

Oh yes, yes, yes, yes.

And, any...

All lectures were, were like that.
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Yes. Ah but, the balance of practical work and, and...

This was... The course he gave was entirely theoretical. Well, I, I should say was,
was entirely lectures, there was no practical. The practical work was boring, right,
that was hopeless.

What was that?

Because they never had any instruments, they... You know, the whole way through...
I mean there’s a wonderful description of, of, by Teddy, which...

Edward Bullard.

Yah. Let me...

[pause in recording]

[26:34]
Right. ‘The visit to Cambridge...’ This is Teddy Bullard’s coming up for an
interview to read physics. ‘The visit to Cambridge was his first contact with the
Cavendish, where he took a practical exam. He was surprised to find that his
galvanometer was permanently jammed, but no one thought this was odd. Indeed it
was not; most of the equipment in the lab was like that, and still was thirty-five years
later when I took the same examination at the Cavendish.’ [laughs] It was terrible.
They had clocks, right, to time pendulum swinging, and these lost ten seconds every
minute. [laughs] I mean, a clock which is, [laughs] you know, not even accurate to
ten per cent, right, is quite an achievement.

And so, your physics teaching was in the Cavendish laboratory?

Yes. Yes. That’s, the Cavendish laboratory is just the name for the, for the physics
laboratory in Cambridge.
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Could you describe that, that laboratory at that time, as a physical place?

Oh, it was, it had been built in the late nineteenth century, and it was unchanged,
right. And it had large mahogany desks, and, you know, completely useless
equipment. Nothing, as, as Teddy says, nothing worked. When... I mean, if you
were going to do an electrical experiment, the first thing you had to do was to take all
the bits of copper wire and sort out the ones which were actually continuous from one
end to the other, because most of them were bust in the middle, you couldn’t do
anything with those, couldn’t get anything down there. It was awful, complete waste
of time, right. And, and, Teddy loathed physics practicals, I loathed physics
practicals, so did my son. I do not understand why the physicists still teach this stuff
in that way. We run practicals in, in geology, which are very popular. We took this
as a framework for devising physics practicals for the course we teach in physics, and
they’re extremely popular. Everybody comes along. And they’re run in a completely
different way from the physicists. And I do not understand why, you know, for,
presumably now nearly 100 years, the physicists, all having been through this, and
loathed it, continue to inflict it on the next generation. It’s just like the junior doctors
business, right, you know, and it’s stupid, right, it teaches you nothing, right, and it’s
a complete waste of time.

[29:11]
Were there any key concepts in quantum mechanics that you...?

Oh the whole subject was, was, was, it’s just so strange, I mean, it’s completely
bizarre.

In what way? Tell me about the strangeness and bizarreness of it?

Of quantum mechanics? Oh, nothing is as you think, right? I mean, you can’t
measure the, for instance the position and the velocity of a particle at the same time,
right? You can’t measure its energy at any time either. There’s, there’s all kinds of
completely strange features of quantum mechanics, and it’s quite fascinating. It, it
upsets all your, your sort of, preconditions about how the world works, and it’s all
extremely precise mathematically. You can predict everything. But you might think,
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you know, you have an electron, and you have a, let’s say a sheet of metal, with two
slits in it, and you think the electron goes either through this slit or that slit. It does
nothing of the kind. It goes through both. [laughs]

And how was this proved mathematically, rather than seen?

No it’s not, it’s not that it... No, physics is not proving things mathematically.
Physics is about the observation of, of how the Earth works. You, you can’t prove
this, I mean... Well, you, you prove it by experiment, not by pure thought. It’s not
mathematics.

And were these, were experiments demonstrated then in...

Yes, yes clearly.

...in quantum mechanics lectures?

Yes. Yes, yes, very easy to... Oh, no. No, they didn’t demonstrate it in the lectures.
It was, it was, you know... You don’t need to, there’s no point, you know. If you
show somebody... I’m not even sure there were slides. There were certainly
textbooks, right. If somebody shows you the interference pattern, right, you know,
from, from this experiment, that’s all you need to see, you don’t need, you don’t need
to do it yourself.

Mm. So, what...

It’s just a photograph.

What new methods of visualisation were involved then in seeing things at this level, at
this, at molecular levels?

Well this is, yeah well this, at least, this is a little bit smaller than molecular, right.
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Mm. What, you mean that, that, in terms of the development of physics, or in terms of
what we saw?

In... Yes, in terms of the images that Pippard for example was able to show you.

No no no, he didn’t have slides.

No? Hm. How was he able, how was he able to convince you then that an electron
would go, would go through...

Oh perfectly good textbooks with photographs in.

Mm. Mm. And those photographs...

And, and I mean, it’s, it’s actually, I mean for a physics it’s not, not a question... I
mean the physicists don’t think that way. It’s interesting. They, they want somebody
to tell them, and, it... what, what is going on and how to think about it and what it’s
like. They don’t question. And they still don’t. I mean, that’s one of the snags of
taking physicists into the Earth sciences, right, is that they don’t have this sort of, very
poorly developed, and well developed in the geologists, of saying, why do you believe
that? I don’t believe it until you show me the evidence. The physicists, you know,
have this complete structure of physics which you learn, and it accounts for all kinds
of features in the real world. And you know exactly where the edge of the
understanding is, right, and it’s way... You know, this was the excitement in the
Twenties, this quantum mechanics. There’s no excitement... I mean, you know,
stopped completely after that, right. And, you know, the, the, once the mathematics...
I mean Dirac’s book is, is terrific, right. And once it got sorted, you know, it
accounted for, for all kinds of observations which no one thought were related, you
know.

[33:19]
You mentioned that you attended Dirac’s lectures.

Yes. On quantum electrodynamics. He was a dreadful lecturer. Appalling.
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In what way?

Oh! Absolutely as dry as dust. No no. Didn’t interact with the audience at all. And
he spoke very quietly.

What do you remember of the content of them?

Oh he went through the, the, you know, how do you derive Dirac’s equation in
quantum electrodynamics, right, which, it was a subject he developed. And, and it
was very interesting to see, you know. It was the first time I had actually, I think,
been to lectures by the person who invented the subject, right, that was why I went
along, right. And it was very... I mean, he was a strange man anyway, I mean, the
physicists thought he was strange too, right, and, I mean... And he had a very very
ancient gown I remember, completely covered in chalk.

How do you know that the physicists thought he was strange themselves?

Oh there was lots of, there are lots of accounts of it.

[34:31]
And, you also attended Hoyle’s lectures.

Yes. I, I, I attended Hoyle’s lectures, and then, some time, and I think it was probably
while I was still an undergraduate, I got to know him because of my mother. And for
a long time I went out with his daughter, right, and I, I can’t remember how that came
about exactly.

And, having come to know Hoyle, what can you tell me about him?

Oh I liked him very much, I thought he was, you know... He was the, the first
physicist, big physicist I got to know. And, I talked to him a bit, but, but, I mean, you
know, I was, rather there sitting as a, as an observer in the household rather than, you
know, I wasn’t at the stage of my career where I had anything interesting really to say
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to him. But, I remember asking him as, in my final year, what I should do, and he
said, ‘Biophysics.’ Which I didn’t do.

And could you tell me something of the relationship between your mother and Hoyle?

Other than that they knew other and went on walking tours in the Lake District, no, I
don’t know.

Mm.

I, I, I... I don’t know whether she was ever his boyfriend, his girlfriend, I, I don’t
know. And he’s dead and she’s dead so, I’m never going to discover that. I, I... You
know... [pause] It was an upper middle class family and, and you know, we didn’t
have any sort of, hang-up about sex, but, it wasn’t really something you talked to your
parents about, right. And, any more than James talks to Indira and I about it, right.

Mm.

So, I mean, I don’t really know much about that side of, of their lives.

And you, you forget how it started, but do you, can you remember anything of your
relationship with Hoyle’s daughter in terns of the things you did together, things you
talked about, the places you went?

Well I should... I mean... [pause] Yes. I mean, she was, she was my girlfriend.
She... Oh it wasn’t very serious, I mean, and, I liked her but, but she talked too much.
Oh did she talk. And much later on, when, she then got, she got married and
became... She’s now I think, or was, a stockbroker in London. And I remember my
head of department... She, she, she took a PhD in geology at Oxford, and, I remember
Ron Oxburgh, who at that time was my head of department here, he used to, when he
was moving, when, moving here, he still had business in Oxford so he went
backwards and forwards to Oxford on the bus, and he told me, one day he, he had met
Liz Hoyle at the bus stop, and she was going back to Oxford on the bus, and she got
in, and she talked to him absolutely flat out for two and a half hours, and he said, he
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staggered out of the bus, completely exhausted. [laughs] I’ve never been able to take
people who cannot stop talking. And that, that was, she was bad even when she was,
she was young.

Did she talk about anything in particular?

I don’t remember. I don’t remember.

Now you say that...

It’s a long time ago.

You say that when you were an undergraduate, you were aware even then of difficult
relations...

[38:04]
But one, one story I should tell you about Hoyle, which is that, he, I mean he had a lot
of American visitors, and, Willy Fowler, with whom he did a great deal of work...
There’s a, a huge and famous paper by, Burbidge, Burbidge, Hoyle and Fowler, which
is on the... It’s concerned with the origin, of how elements are constructed inside
stars. And they worked out, really for the first time, the entire sequence of, of nuclear
reactions by which elements were synthesised inside stars. And the key part of this
was, what Willy Fowler did, which was to, to have targets of different elements and
bombard them with neutrons and protons and so on, and find out how easily they got
captured. And, then use this to calculate with a, a computer program, what the
abundance ratios you would expect from the capture probabilities. And it’s a
wonderful story, and it works just beautifully. And the whole of the Periodic Table,
you can see how it was, how all the elements were constructed. And this paper... Had
I come across it then or did I come across it later? That I don’t know. But anyway, I,
I knew that, that Willy Fowler, right, he was a very famous physicist and won the
Nobel Prize, and, I met him several times, but I remember the first time I met him,
that I was, was, was with Barbara Hoyle and Liz, and Willy Fowler was expected, and
Barbara knew exactly what he would... He was, he was coming straight from the
airport, and she knew exactly what he, what he would like, which was a very large pot
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of coffee, filled with ice, on which she poured an entire bottle of whisky, right. And
he sat on the floor, when he arrived, and proceeded to drink this entire bottle of
whisky out of this thing, with no apparent effect at all. I was absolutely staggered,
this was my first, the first time I met any major American scientist, and I was an
undergraduate, and, somebody who just, you know, sat there quietly and just, you
know, [laughs] demolished a bottle of whisky. I was staggered.

[40:41]
Thank you. You mentioned when you came up to university that, even then you were
aware of difficult relations between geology and geophysics.

Er... No, not when I...

No.

No no no.

When did you...

I became aware of that when I was, when I was, when I took first year geology here
really. There wasn’t any geophysics at all.

Mm. So, that would...

But I didn’t know anything about geophysics either. It wasn’t something which
struck me particularly then.

Right.

But... Because I didn’t know anything about... Did I even know that there was a
geophysics department? Oh yes I did, because my director of studies in King’s, the
person who told me, you know, what to do and all the rest of it, he was a geophysicist,
called Maurice Hill. And I also at that stage got to know Drummond Matthews, even
when I was an undergraduate.
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And this in your third year, you got to...?

Oh no. Maurice looked after me right from the beginning pretty much. [pause] I
don’t remember when I met Drum. I should think I should think I met him at King’s
Hall, probably at lunch or something like that. I don’t remember. Don’t remember.

[41:46]
Where did you live at, at King’s for the three years?

I... The first year, because I was a scholar, I lived in a place called the Drain, and that
was, it was called the Drain because there was a, an underground passage which went
round the King’s Lane, and, and this was a building which was on the other side of
King’s Lane. And it was really in Cats [St Catherines College]. And it’s been since
demolished, and the, the, King’s Lane’s been moved, right. So, all of that was got rid
of. Then I moved to somewhere called Chetwynd Court, which has also been
demolished. There’s another Chetwynd Court been built since. And they were
Victorian and, and, I mean, not terribly comfortable but more comfortable than the
houses I had lived in, right. At least I had a, I had a gas fire and things of that kind.

Did you share with friends?

No. No.

So... And then Chetwynd Court for the rest of your time?

Yes. I stayed two years in Chetwynd Court.

[42:47]
Apart from attending science lectures and, the ones you were supposed to attend and
the ones that you attended anyway, what else did you do in terms of clubs and
societies?

© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 78
C1379/24 Track 4

I rowed, a bit. I don’t think I joined any societies. My father tried to get me to join
the Union, but, I wasn’t interested. All these people posturing, right. [pause] I didn’t
do, I didn’t do a great deal. I sat and talked a lot. And I had quite a lot of friends,
and... But I don’t... I didn’t... I wasn’t... I mean, I discovered what I wanted to do
really, right, and, and I was fairly clear about that from, from quite an early stage.

Could you tell me then about significant friendships and relationships at university?

[pause] As an undergraduate?

Yes.

Yeah. I mean the, the... There was a group of four of us... [pause] Hugh Pilkington,
Stephen Bann, and... Oh, what was his name? Hanbury Stephens. Hugh Pilkington
was a classicist, he’d come from Rugby. He was very clever, and he was one of the
Pilkington glass family. And I remember, when he reached the age of twenty-one he
needed a, a signature on the things, you know, the family was transferring money to
him, and so he needed a signature. And the family transferred £10 million to him on
his twenty-first birthday. [laughs]

Gosh.

And he behaved completely like everybody else, right. He was rather acetic, he, he,
he didn’t... I mean, he wasn’t quite a vegetarian, he didn’t drink very much or
anything. Stephen Bann was a historian, who was terribly precious, and I rather liked
him, being so extremely precious. And, you know, no... He knew everything but he
would never ever take a position on anything. Hanbury Stephens was, was doing
modern languages. He was much more practical, and he became a civil servant.
Stephen went off to be, and probably still is, a lecturer in history at Canterbury. Hugh
had much the most exciting life. When he left Cambridge, the family thought he
ought to go into Pilkington’s glass, so they tried, but he wasn’t interested in that. He
was, he was very religious, and, he, somehow or other he... And very very good at
languages. And he ended up in Kenya, and he had his own private aeroplane, and he
spent a great deal of time trying to reconcile the Coptic and the Aramaic Church with
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the Orthodox Church. And he used to fly up and down the Rift Valley up to the
Middle East and talk to all these clerics, and, you know, it seemed to me completely
mad actually. And he was then killed... He used to go running, and, he’d go running
anywhere. And he, he was visiting I think his sister in Canada, and was running along
the road at night, and, he got killed by a car.

Mm. Did you stay in contact with them after university to any extent?

Yes, a little bit with him, yes, I went to visit him in Kenya, right. Hanbury Stephens,
I’ve seen once. He came up to one of the reunions. Stephen, I never, I never visited
him in Canterbury, no. So, they didn’t... I mean, I wouldn’t have said they had a big
intellectual impact. They were more, you know, friends. And then, I shared...
[pause] Where are we? The... After the second... after the first year, I shared a...
There were... I didn’t share the set, but, on the other side was somebody who... Oh
gosh, his name. I’ll remember it in a minute. It’ll just come back to me. Who
Indira’s met since. [pause] Hm. Can’t remember his name. I’m not good at names.
I’m surprised I’ve done as well as I have.

[47:35]
And, with the four, those four friends that you’ve already named, what sort of things
would you do together?

Talked I think mostly. And, and then I had, all my school friends went to Trinity you
see, so I had a lot to do with them still. Yeah.

The sitting and talking, I can understand what you mean from having been to
university myself.

Yes, yes.

But was it, was the sitting and talking done in particular places?

In our rooms. I mean, the... Cambridge looks... Particularly, if you were a scholar,
you had rooms in college all three years, right, and, and all of us were scholars, right.
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So, I mean, you know, and, and all my friends at Trinity had rooms at Trinity. So, I
had a whole lot of, of, you know, it was rather sort of, you know, it was, a proper
Cambridge backdrop if you like.

Mm.

And we went punting and played, played croquet and all these things. But we weren’t
very sporty, right. I don’t think I had any sporty friends.

[48:39]
Would, would a sort of culture of drinking have been a part of life then?

No. No, no. No. No no, we didn’t drink much at all.

Mm.

A little bit of beer, mostly because of the geologists. Oh I had a whole lot of
geological friends, right, too. That was one of the things which I very much... I
mean, I didn’t like the lectures but I liked the people enormously, right. And so I saw
a lot of them.

Why did you say particularly the geologists, drinking?

Oh they, geologists drink like fishes, right. Beer, right.

Why is that? It seems strange that your geologist undergraduates drank, your
others...

Didn’t.

Why, why did the geologists drink like...?

They do. I mean, you know, the, the... [laughs] Much later on when I was, was on
the, the NERC, grants committee, giving out money, right, and the grants committees
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met for, for two or three days at Swindon, and, NERC told us that... and they put us
up at a hotel and gave us, you know, fruit and drink and stuff, and they said that
geologists consumed exactly twice the amount of alcohol and beer and wine as the
other committees with no effect. [laughs] And they, they, I mean they, they really
drink like fishes. I mean I... And they still do. I mean I had a party here for the, the
fourth year undergraduates, this, just in June, and now they’re about sixty per cent
girls, forty per cent men, and they drank a bottle of wine each, right, with no effect at
all that I could see.

Mm.

No no, geologists are, customarily consume a large amount of alcohol with no effect.
And did then.

Did it have anything to do with the field, do you think, as profession?

I don’t know what it is. I... I think it’s, you know, tradition as much as anything.

And...

No, I mean it’s, it’s... Well, since... I worked for a long time in Iran, it was, you
know, getting beer in Iran is not that easy. [laughs] You don’t get that much.

[50:50]
Could you tell me then how and when and, a little bit about your meeting with
Drummond Matthews, or Drum as you...?

Well only that I got to know him as an undergraduate, and I... He was, he was a
Fellow of King’s I should say. You know, he, he was quite young, and, and so was
around the place, and he wasn’t married. And so... I mean I imagine I got to know
him, you know, in, having lunch together or something. But... And he was, he, he
had got elected because of, of Maurice Hill, who was by that stage... Was Maurice
elected a Fellow of the Royal Society? I don’t know, but... Maurice was very grand,
and, he was the son of A V Hill, who had won the Nobel Prize for Physiology. And,
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he, he, he kept a very open house and was very friendly. So... And I may have met
Drum at, at Maurice’s house. That I don’t remember. But I, I, I mean I liked, I, I
liked Drum, and spent quite a lot of time talking to him about, you know, geology and
geophysics, whatever, whether you can... You know... He, he was originally a
geologist, a mineralogist, and then became a geophysicist. So he didn’t really go in
for much in the way of divisions. And, it was he who encouraged me to, to become,
he and Maurice encouraged me to become a, a graduate student in geophysics. But
they didn’t want to supervise me. They were quite firm on that, right, they thought I
was far too theoretical. So, they, they got me there, and, and, and then Teddy, I talked
to Teddy and, and he took me on.

Could you explain what made you theoretical in relation to them, or...?

Oh because I had come from physics. And, and I was, you know, quite a good cardcarrying physicist, right.

Whereas they had come from geology.

Drum had. I think... I think Maurice was a physicist. I think his education got
interrupted by the war actually, right, as I remember.

[53:25]
And what can you tell me about Drum as a, just as a person, as a, as a man?

Very, modest. [pause] Quite quiet. Absolutely unshiftable in his opinions, on
everything. Really difficult. I had one or two real rows with him.

On what sort of thing?

This was later, but, I mean, but, by this time I was on the staff, this is, probably about
1970. John Sclater and I had worked out the whole of the history of the Indian Ocean
from looking at magnetic profiles taken by ships, and, these, these profiles were, were
quite sparse. We had them both from ships and from aeroplanes. But we had
something like forty lines to cover the entire Indian Ocean. And we were able to
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work out the whole history, how the ocean separated, how India moved, all the
various things you see. And, then, he took Carol on as a graduate student, and I
thought, well, all right, let’s see whether we can take all those profiles that he and
Fred had in the North Atlantic, and which they had not succeeded in, in interpreting,
and now we had modern methods, right, of looking at things, in particular, what we
didn’t do in the Indian Ocean was to try to produce contour maps of the magnetic
field. We had these profiles along the ship tracks, right, and the ship tracks were far
too far apart to be able to contour it you see. And we did it that way, and plotted the
profiles on the maps. And Drum was absolutely adamant that Carol was not to do
this, right, that the right way to do it was to, to contour it, right. Even though, he and
Fred had spent years trying to do it that way, and even though we had done the whole
of the Indian Ocean with much sparser lines. And, you know, we had a real stand-up
fight one day over, you know, this. And, you know, I basically said, ‘To hell with
this, I’m going to go ahead and do it in the way that it worked in the Indian Ocean.’
Well of course it worked in the North Atlantic too, and we got the whole thing sorted
out, you know.

With or without Carol?

Oh Carol, Carol’s the first author of... It’s a major paper. Carol and me. But I mean,
it was, should have, it should have had Drum on it, but, he was so negative about the
whole thing. And, and we found out what the problem was with the, with the data,
which was that, and this does seem now totally strange, that, the way in which you
navigated ships at sea, was with the sextant, right, you took sights on the stars and on
the Sun. What do you do if it’s overcast, right? You use absolute thing: you tow a
propeller behind the ship, and try and work out how far you’ve gone from the number
of turns of the propeller, right? And if it’s, if it’s overcast for, for a week or two, you
could be out by 100 kilometres. And so a lot of these profiles, they had no idea where
they were, absolutely none at all. And of course you can’t possibly produce a contour
map, right, if your, if you’ve got errors in the thing of 100 kilometres or so, right.

So this is why they hadn’t been able to find...
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That’s why they hadn’t been able to correlate, yeah. And we went back and, and
plotted the profiles, and particularly looked at when they had sights, right, and didn’t
use ones with, you know, which we thought, you know, where there were big gaps in
between, right. And basically sorted it out. And it turned out, well it’s... Is this is?
No. It turned out to be a really rather nice story.

[57:49]
Mm. Did you have disagreements with Drum at the time of being an undergraduate
and first meeting him?

Oh Lord! no. No no no.

Because he was a member of staff, or...?

Well no, it’s just that, that I was an undergraduate. I mean, it wasn’t at that stage a
question... I didn’t... Nor when I was a graduate student actually. I mean, the, the,
you know, the.. What would I disagree with him about? I mean he... I knew rather
little about what he was doing. He, he did a PhD on, on the petrologies from rocks
dredged from, from the Bay of Biscay, and I didn’t know any petrology at that time.
And, you know, what he did I now know about and it was absolutely sound, right. No
no no, it was, was, was just that, you know, he was ex... I just gave it as an example
of, of how rigid he was in his thinking. And, you would never, he seemed completely
sort of, you know, unlike that in conversation, but, he was really, you know... And,
well, you know, you had to learn to live with it if you were one of Drum’s students,
because, I mean he was really, very firm, right.

Did you have, did you do things with him beyond science, socials or something, was
there...?

No.

No?
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No no. By, by, by the time I got to know him well, which is when I became a
colleague, he was married with, with small children. And then, then their marriage,
marriage to Rachel broke up, and so on, and he took up with one of his graduate
students. No, I, I, I tend not to have to do with my colleagues socially. A little bit but
not much. I mean, you know, I spend enough, we spend enough time together at the
lab without actually, you know, being like the, the biologists and doing absolutely
everything together in groups. The Americans are much more given to that, their
social life revolves entirely around the lab. We don’t.

Why, why this difference with the biologists?

Oh the biologists work like crazy. They, they work, fourteen, sixteen hours a day.
And they, they always have affairs with people in the lab, right. I mean they, they...
You know, it’s an entirely observational subject at the moment and it’s, it’s incredibly
hard work. And it’s extremely competitive, and they absolutely slave away. It’s
really, you know... I mean, they’re paid nothing, because they all want to do it, right.
No, it’s, it’s a, it’s a very rough subject at the moment. Moving very fast, but by gum,
it’s not something... You know, you need to be pretty determined.
[01:00:31]
And, Maurice Hill, who was your director of studies.

Yes.

Could you tell me what that involved?

What that involved was that, that I went to see him every now and again, and,
particularly at the beginning of term, he would then tell me who was going to
supervise me, which, you know, individual meetings and... And, he generally kept an
eye on my progress across... You know, I was doing lots of, I was doing, you know,
even in my second year, I was sort of doing maths and physics, and I think chemistry,
right. And, you know, he would keep an eye on, on the progress of, of all the
undergraduates right across, right, and I would go and see him, yeah, every now and
again. And I liked him, the two of us got on very well, right.
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Could you tell me about him as a person?

Oh yes. He was, was, he was tall, and thin. He smoked a pipe. He was always
cheerful, which, you know, he actually suffered from depression very badly but I
didn’t know that at the time. And was very much part of the college. And, later I
discovered that he had become an alcoholic, which quite often happens to, to British
marine geologists, because they spend too much time on ships, and the ship... booze
on the ships is almost free. The American ships are dry, and they don’t have nearly
the same problem. And, you know, he was, he was always sort of, hail-fellow-wellmet, you know, friendly, approachable, all the rest of it. And then I think it... when
was it, 1968? Probably. He shot himself. Because he, he, the alcohol had, had, you
know, he had... I mean, he really was coming to pieces, and, and realised this and
couldn’t stand the thought of it, and shot himself.

And were you aware as an undergraduate of what he was doing in terms of his
research? He was your director of studies.

No, I wasn’t, I didn’t know what he did. I mean I, I knew his was a geophysicist, and
I knew sort of what geophysicists... I knew he went to sea; I didn’t know what he did.

[01:02:41]
And, science at Cambridge in 1960, could you give a sense of the maleness or
femaleness of the subject, in terms of, to begin with, the undergraduates, a sort of
sense of the balance of numbers?

Oh, the, the, there were only... At that time there were only three colleges which
accepted women, New Hall, Newnham, and Girton. So, there were almost no women
around, right. And, those that were around, most of them were not scientists, right. I
remember I had a, a physics practical partner called, called, Judy, what was her
maiden name? And she married one of my friends who was a geologist, but I knew
them both separately then. And she was one of the very rare people. Another one
was, was Sue who married Fred Vine. And they were very, I mean, you know, it was
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very unusual for, for women to do physics, and they both did, right. So, no, there...
Girls were not, you know, really not around.

[01:03:56]
And why... are you suggesting that there were less female scientists, less female
undergraduates in science than in arts?

Yes. Yes.

Why do you think that that was at that time?

It’s still true. Don’t know.

Mm.

It’s still true.

And Judy and Sue...

Julian...?

Judy and...

Oh Judy. Yes, she’s my... Yes.

How self-conscious was she about being...

Don’t know.

She didn’t talk about the fact that she was a female undergraduate in a thoroughly
male sort of, culture of work? There was no sort of...

I didn’t... I mean I don’t remember talking to her about it.

© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 88
C1379/24 Track 4

Mm.

She may have felt that. I mean, yeah, she, she then married Mark Moody-Stuart, who
was an exact contemporary of mine, a geologist who was a close friend of mine. And
we, Mark and I, when I became a graduate student, in those days graduate students
were paid £550 a year, and, three of us got together and bought a house, right, in
which we lived for a bit. And then one of the people, Andrew Hunt, gave up, and I
bought him out, and then, Judy and I and Mark lived in that house off and on for the
rest of, of the time. So... And, I mean Mark then went on to be Chief Executive of
Shell, and then the Chairman of Anglo-American. And he, he lives, I think they’ve
got a, a flat in, in Docklands and a, and a house somewhere in Sussex. And, well if
you’re interested in what life was like in Cambridge as, as a woman, you should go
and talk to Judy really.

Well that would be interesting, yes. Yes.

I’ve forgotten her maiden name. But it doesn’t matter, because, she is now Lady
Moody-Stuart, right. But I, I mean, you know, if you’re interested in what it was
like...

Did she pursue a career in science herself?

No no, she, she married, she, she married Mark and became essentially a Shell wife,
right, and has supported him through his career. And he did very well. And she does
lots of things on the side, but, but really, you know, she had, four children I think,
right.

Mm.

[end of session]

[End of Track 4]
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[Track 5]

I’d like to start today by discussing your mother’s book, Children in the House, and,
before I ask you about some specific events mentioned in that book, I’d like to ask you
a few questions about the book itself. It has an impression of being written at the
time, in other words, while your father was away at war and you were actually living
there. Was that the case?

No. No, it was written after we moved to London. Actually quite, some time after we
moved to London. I mean probably, my memory is that it was written when I was a
teenager at Westminster, right.

Mm.

It may have been a little bit before. I forget, do you remember the date that it was
published? Do you know the date?

I haven’t got that here actually.

Do you want me to find that out?

That might be worth doing, yes.

I’ll do that.

[pause in recording]

So, we’ve established that, 1954 it was published.

Yes.

Is it possible that she may have written parts of it or some of it during that time itself?
The reason I’m saying is that there are phrases in it like ‘the children have just gone
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to bed’. So, there’s almost a, even if it wasn’t written in, there’s almost a sense in
which that has been created in the...

I... Well, she always wrote a huge amount. Now, I don’t know but I would be quite, I
wouldn’t be at all surprised if she didn’t keep a diary from all that. Now, all of that
material is with my brother in the States, right. I, I haven’t got any, any of the
photographs or any of the, any of her writings. He has got a pretty complete
collection of everything, because, I... she, she was concerned that it didn’t get lost, so
I brought it all here. And there was, when I took it to him, there were, I must have
taken about six suitcases weighing each about seventy pounds, so there’s quite a lot of
material, which is with him. There’s also, the... She, she had a, a very long
correspondence with Leonard Woolf, and her letters to him I think are in, in the, at
Sussex University, and somebody told me there’s something like seventy or eighty
letters in Leonard Woolf’s file, right. I think it was my brother told me this, of, of her
writing to him. Because she got to know him, because, he was still running the
Hogarth Press which is where that book was, was published. And she had this, she,
the two of them liked each other very much and, and so she had this very long
correspondence. So, I’m fairly sure all of that, I mean she... You know, we, [laughs]
upper middle class, English family, who keep all such correspondence, right. And so,
it would be a very easy thing to find out, but I, I don’t actually know, right.

[03:03]
And, did she leave instructions about what she wanted done with her ‘archive’ we
might call it?

[hesitates] No, not the... No, she didn’t. And I don’t even remember why it all... I
think it came... I think I took it, because she wanted it looked after, and I was, by the
time she.. I’d just got married and was stable, right, we, Indira and I had just bought
this house and things of that kind. So I was unlikely to move. And so I think that was
why I took hold of it. But, my brother was, is, is much more interested in, in that sort
of thing than I am.

Mm.
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And so, when he got settled in the States, right, I, I took it all over to him, right. And,
and didn’t actually read any of it before I did so. There was rather a lot, I mean, and...
And it’s not in any sort of, wasn’t then, I don’t know whether it is now, in any sort of
order, right. So it would have been quite an undertaking to actually find out. But I, I
suspect that she kept diaries, I think that’s probably the answer to your question.

And, do you know whether your brother has any plans to...

To do anything with it?

...archive them?

No, I don’t. No, I can give him... I can give you his email address, but... I mean, I...
Neither of us really thought that she was well enough known for it to be interesting.
But, you’re probably a better guide to that than, than anyone.

I personally think that there would be quite a few places that would be interested in
archiving.

From, I mean, from what point of view? From, from the point of view of, of, of her,
or for the point of view of the fact that, that what you’ve just said earlier on of the fact
that, that it, that, she was, I mean, quite well known while she was alive, and then, I
mean, it’s, it’s an early look at me. I mean, what... Because that... I mean in some
sense that would depend where it should, should go.

Yes, I mean, both of those things, but you could also imagine archives of the history of
landscape architecture, sort of, professional archives, and, the literary archives, a
particular kind of autobiographical writing that doesn’t, isn’t published any more
really, that kind of... So I would have thought that, thinking specifically of herself, her
life and her career, her, her profession, which I know was unfortunately cut shorter
than it ought to have been...

Yes.
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...but also her particularly, particular kind of literary output, I would have thought...

So, I mean, what...

I would have thought, possibly even at the British Library, I would have thought, but...
It’s just, I, I wondered whether your brother had, you know, considered this himself.

Neither of us have, have, have... I don’t think he’s given it much thought either.

Mm.

What, what I suggest I do is, is actually give you his email, and, and let the two of you
have a correspondence about this, because... I would be slightly surprised if it was
actually valuable, right. I think it’s more a matter of, of, of interest rather than, than
that, you know, some American university is going to pay him, what, you know,
$100,000 or whatever. So, so... And I, I suspect, it’s the nature of these things, if
something isn’t done, right, it will gradually, you know, disappear, because I rather
doubt his children would be interested in doing this, and, and he’s no young, I mean
he’s only what, fourteen months younger than me, so, we’re both getting on. And
while we’re talking about all that, and I’m not sure all this, [laughs] does really
matter, because, so much goes onto this and it...

Yes.

[07:03]
Is, is... I mean what to do about my own stuff? Which I also don’t know. And that’s
clearly going to be of interest to, to, I mean, if it’s of interest to anyone, it’s, it’s of
interest to scientific historians. My only sort of interaction with that sort of thing was
when I wrote a biography of my supervisor, Teddy Bullard, who we’ll talk about later
on, and that was in Churchill. And that was for me a nightmare, because they would
only let me have three or four sheets of paper at a time, right, and, you know, I, I
simply wanted a proper stack, and I would go through it, and I’d keep it in the order,
but, no no no, you had to sign everything out. So, my reaction to that was that if
anyone was interested, what I should do is, actually get it all, get everything I’ve got
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just in the order it is now, scanned, and put it on CDs and put it on the Web, so that
people don’t have to do what I had to do, right. And then sell the rest, right. Because
I’m fairly sure that, I have a friend in, in Istanbul who, who really is a, I mean he
collects things like that, and he particularly asked me, because I still write all my
papers longhand, right, and he particularly asked me... And I always used to throw
them away, right, after, after they’ve been typed in, that was the end of it. So, no, he
said, ‘No no, please, send me them.’ So for the last, oh, twenty, twenty-five years,
I’ve been sending him the, the manuscripts of all these, because they don’t seem to me
of, of much use frankly to historians of science. But all my correspondence and all
the, all these, these files I’ve got everywhere, that’s rather different, right.

How...

Now what should I do about all that? I mean I, I, I sounded out various people, and, I
mean, I think Celal, his name is Celal Sengor, and I think Celal, I mean, you know,
these... I, I think he would be happy to pay, right, quite a bit of money for it all.
Whether I do that or not, I don’t know, because, I mean we’re not poor any longer, so
I don’t really need to worry about money in the way that I, that I used to have when I
was little. And I’ve got a great deal of stuff, right.

Is he storing it in a way which is publicly accessible?

No.

That would be another issue wouldn’t it? Well one of the...

Well would it? I mean, if, if it was all scanned, what... I mean why, why do you...
why do you need to get at the originals? [laughs]

I see, yes, yes. And that is, there’ll be sort of two archives, he’d have a, he’d have the
originals...

He’d have the actual stuff, but everything would then be available to anyone who
wanted it, just on the Web, right, download it. I mean there may be, you know, I, I
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put in something or other saying that there may be copyright issues but not with me,
right. So, if you’re using somebody else’s letter, I don’t know what, how all that
works, but, that’s... I mean, you know, these people are concerned with that
professionally, and so they, they would know what to do, right.

The...

You may... you may tell me what I should do.

[10:20]
Well the project is interested in, in collecting material to go with the oral history
recordings, and so generally at the end of a recording I ask a question where I ask
you to sort of quantify and qualify the sort of material that you’ve got, and then the
curator of the history of science who’s involved in the project looks at that, looks at
the Library’s other collections and that sort of thing, and, would, would make an offer
I suppose. So, I, I... Perhaps we ought to leave that right to the end of the
recording...

Certainly.

...and I can ask you then to give a sort of sense of what you have.

A lot of stuff. [laughter]

It will be, I’ll be asking you, it’ll be sort of, how many boxes of photos, how many
boxes of letters, how many boxes of, off-prints, how many boxes of sketches and, and,
manuscripts.

No, it’s more, the things that I’ve got, right, are nearly all to do with the development
of ideas, right. And, they are mixtures of, of my workings, and correspondence with
things, odd pages from different journals and things of that kind. There’s not much in
the way of photographs, because, nearly all the photographs I take, I’m behind the
camera, so they’re not of me. And there’s, there’s, well, there’s quite a lot of letters
from early on. There’s all the, I mean every email I’ve ever received or sent is on, on
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this machine, and that goes back, probably to the mid-Seventies I should think.
Then... Yeah, that... But there aren’t the manuscripts, because, before Jalal wanted
them, right, I just simply threw them away.

Mm.

And after he wanted them, he, he’s got them, and, and, I was... I mean, I think they’re
of some considerable value, but, but, I mean, they’re not of much interest, it seemed
to me, because the stuff was then published, right.

Mm.

But I need advice, and you’re clearly the, you and the British Library are clearly the
person to give me advice, both on, on what to do from the point of view of, of, of
people, I mean, who may be interested in this in the future, and also, what to do about,
you know, money and things of that kind, because... It depends really how much
they’re worth. I, I mean, I, I have no idea at all. And the, the people I’ve asked also
have had no idea at all, right.

Mm. I think that Katrina Dean, the Curator of the History of Science would be able
to answer both those sorts of questions, so yes.

Yes.

Great, thank you.

Not at all. Right. Sorry about all that, it’s been a long discussion. [laughs]

[13:24]
Do you remember when you first read Children in the House? Published in ’54.

I probably read it shortly after that actually. Because, my mother was concerned
about what impact that would have on our school lives. And, so, almost certainly out
of curiosity, I read it then. I don’t... I, I don’t have a clear memory of, of that.
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What effect did it have on your school life?

None.

And, do you remember anything of your thoughts, reading it?

Yes. A little bit. I think I was frankly embarrassed by quite a lot of it. Because, I...
It must have been just, I must have read it just about the time that I start... that I
actually took off, right, and, it was... I mean parts of it show me absolutely as I
remember myself at that stage, of, of being uncertain about, you know, my human
relations with other people, and not knowing when I was going to get laughed at, and
this sort of thing. And, really, most of that fell away once I became, you know, with,
with puberty really, as we talked about last time I suspect.

[15:02]
What sorts of, which parts of the book are you thinking of as being those that
reveal...?

Which... The parts which, which, you know, talk about me, right.

There’s a section where you’re scared of the flood that’s rising, and...

Yeah, well, you... [laughs] I, I... Look, I mean you have read it much more recently
than I have.

Yes.

And I, the, the detail, the details of the book I don’t remember. The flood I remember
extremely well, because that was 1947, and, it, it had been very very cold all winter,
and various things happened. I remember we had a, a goldfish in a bowl, and, and the
bowl, because we didn’t have proper heating at all at that stage, it was just after the
war, the, the bowl froze solid, and cracked, and sent the glass, it was a round bowl,
sent the glass all over the kitchen. And we came down in the morning and there was
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this lump of ice. And we put that in the, in the oven, and, and melted it, and the
goldfish was unharmed in the middle of it. And it snowed and snowed and snowed,
and I remember, and it must have been, my mother and probably my father, digging
out the thing so that we could get in and out of the, of the house. And it had snowed
after it had frozen, so when it thawed, the water couldn’t get into the ground. And,
the whole place flooded, and, I have this vivid memory of her taking us to look at the
floods of, and they were round about Thame, which is between where we lived and
Oxford, and the whole of the valley was under water, and there were just these trees
sticking out of it, for as far as you could see, you know. And that, the... And, so
that... I mean... And, and the little stream, the house had, I mean, there was a drive
up to the farmer’s house, and then, from there, there was a little bridge over the stream
to what was called Moat Farm, which was this place, this old house in which we lived,
which was surrounded by a moat. And the moat took all the, the, there was a milking
shed, and all the, the stuff from the animals went into the moat, which grew nettles in
a fantastic way. And the stream went between the, the farmer’s house and the moat.
And this became a raging torrent, you know, there was, it had a little bridge, which I
remember as being made out of concrete, which was probably about three feet
above... a little trickle in the bottom, and the water was above the, the concrete, right.
Very dramatic. [laughs]

[18:01]
You mentioned that, off the recording, that you felt that your mother had been
selective in the things that she wrote about.

Yes.

Could you say a little more about her process of selection as you saw it?

[pause] Gosh. [pause] Not easily. I mean, she... [pause] She used the two of us in
that book as a sort of, if you like a foil for her literary thoughts, right. And, I mean,
life on the farm really wasn’t like that, you know, it was, was, was much more sort of,
oh it was a, a general purpose farm, growing cereals, with animals and everything,
and it was much more mucky and sort of, you know... It’s... It now seems to me a
rather odd book to have written. I mean, it was very much her internal thinking, right,
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rather... with, with, you know, prodded by the, the, her experience of, of living here.
And prodded also by the, the thing which I have very clear memories of actually, as
how... and I didn’t realise it at the time, it was only afterwards that I’ve come to
realise that, that what was, and she was aware of this too, that this was the end of a
way of living in the country, right, which had, which had gone on for a very very long
time, and it was, it was preserved by the war, but it was really coming to an end, and,
and, and it went back, you know, well, probably, you know, pre-Roman times. And,
you know, the, the mechanisation of farming and, and it becoming essentially an
industry, was happening but it was, was stopped for some time by the war. [phone
ringing] And there were lots of things... I’m sorry about that.

[pause in recording]

[20:20]
And it was... I... In Aylesbury, which was the local market town, all the local farmers
just after the war came along in, in traps with their ponies, right, and they wore leather
gaiters round their boots, and, you know, and, and cloth caps, and, you know, it was a
sort of, vignette if you like of, of what it must have been like, I mean that, that must
have, that must have gone back to, to certainly the eighteenth century probably, end of
Tudor times, right, and nothing much had changed. And then suddenly, right, life in
the country is now quite different from what it was when I was brought up.

[21:04]
Were there sorts of things that she was doing then, or that you two were doing at the
time, that she didn’t record?

Gosh. No. Well, probably, but, but, I mean... Just, just simply living, right, after the
war, was quite a struggle. I mean, you know, there was petrol rationing, there was
food rationing, right, the buses were infrequent. I mean just getting to and from
Aylesbury which was the, the market town, was quite a do, right, with two small
children, right. She had a car, but it, it was somewhat intermittent in whether it
worked. And it was, was, was pre-war, I mean it was old, right. So, mostly she was
really concerned with, with, with... And, and the other thing I should say is that, that
the, the cows in the farm were dying of tubercle, right, so, and she was giving us their
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milk. So she was extremely careful about all that sort of thing, right. And that had a
rather interesting effect when I went to Westminster, because, the, what’s this... I
think this was, this was probably the public school. In that, that when the, the test for
tuberculosis came along, they tested everybody, and my reaction was so extreme,
right, that they actually got an ambulance and took me to the hospital, because they
thought I had tubercle. [laughs] It wasn’t that at all, it was that my immune reaction
to it was so strong, because she had boiled milk for the first two years, and then
stopped bothering on the grounds that, you know, we by that stage were, were
immune. And I’ve never had tubercle, but, I should think my reaction still is pretty
strong, right. And, of course, all the people at school, they had almost all been
brought up in the city, so they, they, they didn’t have this, this extreme reaction.

[23:10]
And did you have any sense of your mother’s reason for writing the book?

[pause] Yes. She... I mean, she read English at Royal Holloway College. She had
wanted to go on to do research, but because her father died she had to go and look
after her mother in Leeds. And, I, I mean, certainly looking back on it, I don’t know
whether I realised this at the time, I mean this was a direct sort of continuation of, of,
of what she really enjoyed as an undergraduate. And that was why she wanted it
published by the Hogarth Press. I’m not sure she even sent it to anyone else. I think
that, Leonard Woolf read it himself and accepted it, and, and that was rather that. It
was later on only that, you know, when, when she started writing books which really
were not suitable for the Hogarth Press, and also by that stage it had been taken over
by Knopf’s, and that, you know, that was much more a literary publishing house
rather than something which was, was going to be interested in, in, you know, New
Lives, New Landscapes or anything of that kind.

Mm. And it’s easy to account for her interest in things literary, and the book is, is full
of connections to poets and writers and ideas. But, specifically her interest in
psychology, do you know anything the origin of that? No.

No. No. I mean...
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Just, part of the intellectual world of the time.

Exactly. I mean, you know, the... People like her, I mean she... I would suspect that
both my parents had, had read really quite a lot of psychology, right. I haven’t, I
mean, but, I’m sure they had, because it was, was really, you know, it was part of, of
an educated person’s background, particularly in the Thirties.

[25:26]
Than you. Now you’ve mentioned, a couple of the specific memories that I was going
to ask you about you’ve mentioned, including the very cold winter, the goldfish, and,
and the flood. But if I could go through them, and if you could, when I mention
them...

Well that’s all the same winter.

Yes.

Yes.

If I could, if I could say, sort of, specific things from the book, and you could say what
you think that you remember of it independently if you can from having read it
yourself.

Yes. Yes.

The first thing is your mother giving you a book called Darwin for the very Young,
and you reading it at...?

No memory.

General memories of picnicking, which seemed to...

Yes. We, we often... The, the... Moat Farm is, is in the Vale of Aylesbury, and, the
view southwards from there is of the chalk hills escarpment. And we very often went
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 101
C1379/24 Track 5

for picnics in, in the hills, right. And we would drive there in this old car, and it had...
I mean, you had to go special ways to get up high enough to, to be able to walk up,
because it couldn’t go up hills, right.

Do you have any particular memories of those picnics, of a particular picnic or of a
particular activity or, you know...?

No. I mean... No. I mean, I, I, I know where we went, right. We would either go to
Monument Hill, which was, still is actually, it’s a monument which is on one of the
high points of the Chilterns, which I think is a monument to the Boer War, as I
remember. Or we’d go to... [pause] There’s a... Oh I’ve forgotten the name. A, a
hill which is just north of Chequers, which I will remember in a minute, the name of
that. And that was, that was just a, short turf. It was, was open. And it had these
wonderful views, right, across the Vale of Aylesbury, right.

Apart from particular views, what did moving from the house to this particular place
to have a picnic offer to you and your brother in terms of things that could be done
there that couldn’t be done at the farm?

Don’t remember.

Skating on ice, possibly during that ’47 winter?

No. No, I... That doesn’t make sense. Does she talk about that?

Skating, yes.

Because I only learnt to skate when I came up here.

Ah.

So that must have been invention. [laughs]

A field called the Humps and Hollows field.
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Yes.

What do you remember of that and...?

That was a field which was, there was a lane which went from Stoke Mandeville
down and then crossed the railway. And, I always meant to go back there and I’ve
never been back there. And, and the, the track to the farm, right, came off that and
went on the, would be on the west side of the little stream, and, it was, a few hundred
yards down that to the farmhouse. On the other side of the stream there was a field
which was all, I mean it was extremely odd in that... and it wasn’t, as I remember,
used for agriculture. It may have been used for grazing animals, because it was so
rough, you couldn’t. And I think it was the ancient village site which had collapsed,
and, and these things were, were, were simply where the houses had been. But that I,
I’m not sure about, but it... I, I rather liked it, because it was so strange, you know.
And it was also very close to the, to the farmhouse.

Visiting the circus?

No memories. [laughs]

Do you remember painting at any point on the nursery floor?

[pause] No.

There’s a... I’ll just... There’s a fascinating description of the particular way in
which you painted, compared to your brother. And I wonder if this will produce any,
any memories. ‘Peter simply...’ which is yourself, ‘Peter simply divides off a small
area of the sheet and paints his tidy, Paul Klee-ish pictures inside it, trains and trees
and lorries and houses, neatly fitted into each other’s angles and into the border of
the picture. Whereas your brother had a great big brush and was daubing paint
everywhere.

No memory. No memory. [laughs]
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Reading Mrs Tiddlemouse and other Beatrix Potters with your mother?

I remember that I did, but I don’t remember more than that.

Making boats out of logs.

Yes. And floating them on the little stream. Yes, I remember doing that.

Do you remember jam jars on the kitchen windowsill, of frogspawn and so on?

No.

Riding on the farmer’s tractor?

Yes.

[30:56]
In fact, could you tell me about relations with the farmer more generally? Because
there’s other...

The farmer, he was, at that stage, I should think in his sixties, and was, you know,
really, I mean, of the land, a peasant, right? And, my mother found him extremely
interesting for that reason, because, you know, it had all, I mean, almost sort of
fossilised in him. I remember him as, as, as friendly and not particularly interested in
children. And, and, he was one of the people who went to, to market in his trap, you
know. And, he had bought before the war a combine harvester, but that sat in a shed
because there wasn’t any diesel, so, so, they had gone back to making wrecks and
thatching these things, and then, you know, and I probably talked about this before, in
the winter, right, the steam engine came, right, pulling the threshing machine, right.
And this then was set up shop in the, in the rick yard, and they then threshed all the
ricks. And by building ricks and, and thatching them, it didn’t really matter when in
the winter you did this, it was a winter activity, you didn’t get the, you didn’t get any
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corn until, only wheat, until... And he grew wheat, rather than barley, because the soil
was really quite good.

What do you remember of your child’s eye’s view of the machinery including the
threshing machine in operation?

Oh, fascinating. And I still don’t know how it works. The steam engines are the ones
that, you know, you see on these parades and stuff. And it had a huge wheel, steel
wheel, right, which is, which spun. And this was then linked to the threshing
machine, which also had a big steel wheel by a, a flat canvas rope, well, a canvas belt,
right. And I could never understand how it stayed on these wheels, because they had
no... and I still don’t know, right, they had no flanges or anything. It was amazing.
You know, I would have, you know, I would have thought it would just walk off, one
way or the other, right, which is what happens if you try and do that sort of thing, you
know, when you’re sanding the floor or whatever. But no, it didn’t, it stayed on these,
these wheels. And the two were, were quite a distance apart, I mean they, they put
them, oh, twenty yards apart, right. Connected by this, this, this belt.
[33:43]
And then... And there were lots and lots of people. And the threshing machine was
huge. And, they, they worked down the rick, and the, the sheaves, they still had a
reaper-binder. I don’t know how much you know about technology of, old
technology of, of how you do these things.

What did that look like?

The reaper-binder was, and that was pulled by horses, it was essentially, I mean it
was... It had a, a cutting thing. It was probably as wide as this, allowing for...

Two metres?

Two metres wide probably. But, allow for the fact that I was a child. I mean, these
things may well have been much smaller than that. And, and it had a, a set of shears,
of knives which went backwards and forwards against fixed things. And that cut the
corn, which then came out onto a belt at the back, and the belt had the most ingenious
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scheme of, of pulling all the corn together, and then putting a piece of string round it,
and chucking it out the side. So, after they had cut it, you saw this row of, of, of
sheaves, you know. And then what the, the farm labourers did was to come along and
put these into, to, what are they called? Stocks, is it stocks? I’ve forgotten the word.
But you, you pick them up and lean them against each other, so that the field then, and
there are, the Impressionists are always painting this, right, of these things, all over
the field. Then they came along with a huge cart, pulled by enormous horses, and
collected all these things from the field, and took them off to the rick yard and built
these ricks which they then thatched on top. [phone ringing] And the different parts...
Oh do you want to stop that? Yes.

[pause in recording]

And, and the, the different parts of the country had different styles of building these
ricks and of thatching them. They put it all together, and put, generally a little sort of
dolly on the top. And, this was then watertight, right, until the, until the threshing
machine came. And then they’d work down from the top, right, taking off these, these
sheaves and sticking them into the, into the threshing machine, which then produced a
great deal of straw, and the corn. And, as the rick went down, the last layer, right,
was full of rats and mice, and all the farm dogs came out, right, and, I was allowed to
go out with a stick and kill these things and feed them to the dogs. And the dogs were
really active, because, you would throw it and they’d leap in the air and, and eat the
mice, and rats. And that was great fun, that I remember very much, right.

[36:59]
Why do you think that you do remember that so clearly? Because... That particular
thing, that kind of...

Well, I mean it’s, it was not something... I think it’s partly that I can place it, right,
and... I have some other memories which I’ll talk about in a second, which are from
even earlier. And, and it’s, it’s more that, that, I mean, it’s... One has memories later
on I think, but ones which, I mean, are memories for instance of, of, of being a child
in London. But, it’s, it’s rather hard to place it in time, because, I mean, you know,
still, I mean, you know, Harley Street is very much like it is, I mean, was then like it
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is now. And so, it’s more events like that which I can tell have to have been at this
particular point in time.
[37:55]
I remember very clearly being taken out to see a German aeroplane which had been
shot down in a cornfield, which looked really strange, this great black thing sitting in
the middle of the cornfield. Now that can only have been during the war, right. And I
also remember my, my mother coming back with a piece of, of nylon. Some German
aeroplane had dropped a landmine on Aylesbury, and the parachute had cords made
out of nylon, and that was the first time anyone in the country had seen nylon, right,
and there were these fragments shot all over the place. Made a tremendous bang; I
don’t remember the bang but I do remember the nylon. And that all has to have been
before 1945, right, and I was born in 1942, so I have to have been younger than three,
right. But I don’t have any other memories of, of, of that time.

Can you say more about seeing the, the German plane?

Well only just what I... I mean, not more than I’ve just said. The other thing I
remember was, was, was my mother taking me out to look at the, the, the flashes from
the guns defending London, they were anti-aircraft guns, and the... And I mean, it
was... And we were, what, thirty-five miles from London, so, the flashes were quite
visible, right. Not, not the actual, I don’t remember... It wasn’t... It was more, you
know, like thunder, it was against the clouds, right, that you saw. And, you couldn’t
hear it, you could just see it, just like thunder in the summer, you know.

Do you remember how your mum explained what that was?

No. No. I think she just said, you know, ‘This is what’s happening,’ like I just did.

[39:45]
Now there’s a, a place very near to, to Moat Farm, that your mother describes as
being you and your brother’s favourite, which is a bend in the stream. Now I can
read her description of this, but if you can remember just from the bend in the stream
what she might be talking about.
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I think I might. Yah. I mean the, the, there was a track which went through the rick
yard, and then across a field, and through a hedge, and then, further on than that, there
was a bridge underneath the railway. And, if, if I... I’m not sure, I mean, from what
you’ve just said, it’s not quite precise enough, but, there was a, a small pool, right,
actually where it crossed that, that hedge on the way. Does that make...?

It could. This is, we’ll see if this... ‘There was a certain bend in the stream which the
children especially love, a secret and hidden loop, hidden under a tunnel of willows
and poplars, and here there is always a little ridge of sand. The first picnics of spring
are held there.’ It sounds like it may have been, because the, the bit before that was,
‘Off we went lurching through the rick yard in the winter cart ruts, past the sheep dip
and over the mushroom field.’

Yes. Yes, that’s where it will have been. I’m astonished, I have never been back
there since, and, I, I still clearly have an extremely accurate geometric memory of
how the whole thing was laid out, which is odd. [laughs]

Could you describe that? Is that what you’ve just described, the geometric memory,
the, the position of things there?

Yes, yes I’m, I’m... I mean I, I, I haven’t thought about these things, well, between
when I was at the thing and, and you asking me about them actually. So I, I clearly
have a, a quite... [laughs] It’s quite surprising to me, because I have this accurate
geometric memory, you know.

Do you remember anything apart from the, the geometric layout, the geography of
this place?

No.

Do you remember...

No.
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...things done there, things said there?

No. No. No. No. And I wasn’t even sure it was... No, I’m still not even sure that it
was that place, but, it probably, probably was.

Do you remember what you called the play field, ‘a narrow strip of grass with the
stream on one side and a deep hedge on the other’? A play field?

[pause] No, I don’t know where that was.

What do you remember of a day where you discovered, under a willow tree, a very
deep pool which all three of you called the drowning pool, and talked about its ability
to drown people because of its depth?

Ah that, that sounds much more like what I just described, right. That, that, that, I
was doubtful when, when you first said that. And, and I think that pool... Because
there was a pool there, but I don’t remember what we called it. But that, it would be
deep enough to drown in, that, I think.

Picking blackberries?

Yeah, yeah. Picking blackberries, yes, there was a, there were two very large elms on
the left-hand side of the drive as you came up to the farmer’s house, and there was a
particularly good hedge which went from, from there down the side of that field,
which, and we used to pick blackberries there in large quantities.

This is a very specific memory, so it’s a bit of a long shot I think, but, do you
remember your mother buying a new kitchen cupboard and you and your brother
playing houses in side it?

No.

[43:39]
This was a regular activity I think, watching trains on a Friday.
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I don’t remember it being Friday, but I, I remember watching trains. There was and
still is actually this little railway which goes, and, I don’t know what it’s used for
now. And I think it survived Beeching’s cuts, because... Why do I think that? I’ve
driven under it recently, but I... And I think it’s still there. It was a very little railway,
it was single-track, right, and it ran on, through the farm actually, and then there was
this, this, this tunnel, right, which you could shout, I remember, and get echoes,
because it was, was, was built out of bricks, probably engineering bricks, I don’t
know, but, but bricks, the tunnel was bricked, so that the farmer could get through to
the fields the other side. It was quite a big farm. And, and, the, the, the railway had
very few trains on, but there was very little traffic on the road anyway, right, and, and
we would go down, there was a level crossing a little bit further down the lane, and
we would go down and watch the trains there.

And do you remember what appealed to you about that activity? [pause] And do you
remember going to a station where you stood on a bridge?

Yes.

Where was that?

That, that was the main station of Stoke Mandeville. That’s I think still on the
Metropolitan Line. Let me have a look. The end of the Metropolitan Line used to be
Aylesbury, or it still is. [pause] Well it’s certainly not on my, on my Underground
map.

Yes, there’s one section in the book where, your mother says that you took yourself off
to look for trains on your own, carrying your own toy train, and the farmers brought
you back, and you, you are sort of wandering along the road.
[45:43]
Relations with other adults on the farm. What do you remember of being asked to or
doing spontaneously, practising formal manners with adult visitors to the farm? How
do you do’s and...?
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No memory.

What do you remember of having whooping cough?

Not much. I remember being very ill. And I remember I had to go to hospital over
something, but I can’t remember what it was, and I don’t have any memory of the
hospital.

And finally, there’s two pastimes, playing with hula-hoops and making windmills from
postcards. Obviously you will have done all sorts of things, but these are two that
were described here.

Don’t remember. No good.

[46:28]
Thank you very much. I’m very interested in the, in the fact that, a) your memory of a
particular place is geometrical, and b) that the clearest memory is that of a, of the
threshing machine.

Yes.

It’s interesting, because...

I was interested in, in... I’ve always been interested in engineering, you know, how
things work, right.

Because, it’s not only that you could remember that it had taken place, but, you
describe the machine. I mean have you seen a machine like that since, in terms of the
belts and the teeth moving and the wheels and...?

I, I... Yes. I mean I’ve seen them around. I’ve never seen one working. The... I
mean, you often see the... I mean, the steam engines are the same steam engines as
you see going round, around the town on fair days or whatever, you know, whenever
people get them out. And, I mean, you know, they have all the various bits and pieces
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that I remember, right. But they are much smarter, the one that came to the farm was,
was, you know, not all beautifully painted and looked after. The thresher, I’m not
sure I’ve ever seen a threshing machine since then, right. I may have done. There
was a, there was a place on, on the way, on the Barton road, just outside New
Wimpole, on the left, which had a whole collection of all these things. And I think we
stopped, Indira and I stopped there one time. I think they had a threshing machine.
But, you know, it, the... The thing which is clear is my memory from when it was,
was going. I mean the fact that I’ve seen similar things, you know, since then, is, is
really irrelevant, because, you know, I know exactly how they operate. And, and that
business of the belt still intrigues me, right. I don’t... And it’s... Lots of things were
driven in that way. And I have no idea how that functions, why it keeps centred, you
know. Because, they used to drive things, you know, when, when things were driven
by water, they used to have these, these, these big wheels, in, in factories, and then
they would link to them and put things down below. It was just a power source, you
know, before there were electric motors everywhere. And that clearly worked in the
same way, and I, I, it’s, it’s... Mechanically to me it’s strange, there must be
something very special about the belts I think.

[49:19]
OK. One thing that we meant to return to last session but didn’t was that, you said
that in the final two terms at Westminster School your political consciousness was
awakened by something, and then you acted on that in certain ways. And this was
remarkable because you hadn’t been interested in politics before.

Politics. Yes. Girls, I think is the answer to that one. I had a girlfriend who was,
was, was very politically active, and smoked, and so I started to smoke, right, and go
to all these demonstrations and, that sort of thing.

What demonstrations were...?

Trafalgar Square, right. I mean I remember going to one for, for, Free Nelson
Mandela. I had no idea who Nelson Mandela was. And another one, which was
something to do with the Irish, and I can’t remember what that one was about either.
And, my parents were, I mean, quite strongly old Labour left-wing. And, and, you
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know, we... [laughs] We, we took... The sitting room was the patients’ waiting room
you see, and so, my mother got just an enormous number of, of weekly journals and,
you know, things like Vogue and House and Garden, and New Statesman and all the,
and the Economist, all kinds of things like that. And, and they were just, they... it was
very much like a, a, you know, a common room of, of kings actually. And they were
all just stacked up by, by the thing on this enormous table, which was a, a, a French
Empire table made out of mahogany with, with caryatids at each corner all gilded.
And it was an enormous object. And, and so, you know, I, I had a lot more political
exposure then, than I ever have had since, and also living in the capital city and it all
going on. I mean I was at school just next to the Houses of Parliament. So, I mean,
you know, I was much more politically conscious then, than I’ve ever been since,
right. And it was fun, and there were girls, you know. [laughs]

How did you meet the girl that you mentioned?

[laughs] I have no memory.

Apart from her smoking and taking you to these demonstrations, do you remember
anything else of her sort of, as a person?

Oh quite a bit, yes. But, I mean... [laughs] That’s enough. [laughs]

[52:03]
And then, I wonder whether you could talk about the development or not of this
political activism we could call it at this time.

Oh, I mean it was, was... I’m not quite sure what to say. I mean, I became aware of
the fact that, you know, it was interesting, and governments could fall, and this was a,
you know... That, it was all, all in the newspapers and listening to the news. And I, I,
I just generally grew up I would say, right. I hadn’t... I had... And I used to go on
Aldermaston marches too, that sort of thing. And that one I felt very strongly about,
because, that, I mean as a scientist, I remember that... Yeah, at Westminster, when I
was, when I was first there until about, when I was sixteen, there was still National
Service, so I reckoned I was going to have to do National Service, which I didn’t want
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to do. But the school ran a, what used to be the Officers’ Training Corps, but changed
its name, out of political correctness, because... But that was basically what it was
for. So, I joined that, and, you know, really took it seriously, because, passing all
these exams and getting the necessary qualifications was clearly going to make my
life as, National Service, a lot more comfortable. And I remember one time we were
taken off to a Civil Service, essentially lecture course, which happened underneath
that railway bridge across the Thames, I’ve forgotten... There’s one a little bit to the...
It goes past the Albert Hall, and I’ve forgotten its name now. And there was a woman
there who told us what to do if there was a thermonuclear attack, which was to,
[laughs] to fill the bath with water, and put brown paper on your windows. [laughs]
And this struck me as completely ludicrous, you know, when the whole thing, I mean,
you know... Those bombs are really something, I mean the ordinary people are not
conscious of the difference between an atom bomb, right, and a thermonuclear bomb.
And the difference is as big as between an ordinary bomb and an atom bomb, right.
And, you know, I was, I was doing physics, and I took an interest in these things, and
I was well aware of this. I’m much more aware of it now, because a number of my
friends now who actually were involved in the testing, in the Pacific, and,
extraordinary stories. But anyway, this seemed to me completely ludicrous, right,
that, if, if somebody dropped a hydrogen bomb on London, the question of whether or
not you put brown paper on your windows, was really not going to make any
difference. And Indira interestingly, she had, she was at Badminton, and, and she wet
through exactly the same experience and had exactly the same reaction to this
stupidity, right. Why did I tell you that story?

Edra, was Edra the girl that you mentioned...?

Indira.

Oh sorry, Indira.

Indira, it’s my wife.

Yes.
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And, and she’s pronounced Indra and spelt Indira, right?

You were talking about the development of your political...

Oh yes, yes. Yes. Yes.

And, you mentioned the Aldermaston marches.

Yes.

When did you go on those?

[pause] That must have been... I went two or three times. For the last time, that must
have been the spring of 1950... no, the spring of 1960 presumably. Because I came up
here in 1960. So I probably went on them, ’58, ’59, ’60 would be, at a guess. I
stopped... I, well I came up here and, and, you know, this place is, is totally
uninterested in politics, even now, and, and, you know, I, I at that stage discovered
science, and, and, and you know, lost really any interest in, in that sort of
demonstration politics, you know. And have never done it since. And now I’m
regarded by my students and younger people as really quite right-wing; they’re very
surprised to hear that I used to go on demonstrations. [laughing]

[56:55]
OK, now you, you joined Madingley Rise in 1963.

Correct.

October 1963. Now, what I’d like you to do first if you can, bearing in mind that, a)
most people haven’t been to, seen inside Madingley Rise, and even fewer have seen it
at this time, in October 1963...

Hasn’t changed. [laughs]

I wondered if you could... That will help you then.
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Not much anyway.

I wondered if you, imagine, imagine sort of your first weeks. I won’t say your first
day because it’s absurd, you can’t necessarily remember your first day...

No.

...any more than your second. But, the early period there, your first few weeks there.
Could you take us on a, a tour of Madingley Rise, pointing out what is where it is, you
know, what’s where, but also who is where they are. So, the internal geography of it,
but also who is doing what, where.

The... At that time it consisted of, of Madingley Rise itself, which was a, a private
house which was built by Professor Newall, who was Professor of Astronomy, round
about the turn of the century, round about 1900, in a very beautiful garden. And, he
was, he was the son of an industrialist in Birmingham, who was one of the first, ran
one of the first high tech industries, built the, the... and he, he manufactured the, the
cable, under-sea cable which went from, from the UK to, to North America. And was
very rich. And, he actually had endowed some telescopes, he was interested in all
kinds of science. And his son, who wasn’t interested in, in the business, had come to
Cambridge to be the, the observer on these telescopes. And he, he was a Fellow of
Trinity, and rich, and he, I mean he didn’t want a university post; what he did want
was some land near the, the observatories in which he could build this house, and he
did that. And he also built, he built the house and he built a, the stables for his horses.
And up until the Second World War actually went, didn’t use a car, went, went to the
station in his, his coach with the horses.
[59:37]
He also bought the farm, right, out there, which is now the University Farm, and it’s
because of, of the fact that he bought that, that the university has been able to develop
in the way it has in West Cambridge, it’s covered the whole of West Cambridge.
[59:52]
He died in the Fifties, and the university, and I’m not entirely sure how all this came
about, but, essentially his house and the garden then became part of the university,
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and the Department of Geodesy and Geophysics, which is what the department was
then called, was moved from central Cambridge out there. It already had a, a couple
of laboratories out there, and they, they were put out there largely because of the
trams in Cambridge which caused problems with the electric fields that we... There
was a lab out there, a small, well still is there, a house, a hut really, which is called the
Non-Magnetic Hut, which was used for measuring magnetisation of rocks, and there
was no electricity anywhere near, and it was entirely constructed out of wood and
non-ferrous materials. And there was also out there behind the, the observatories, a
hut which was called Pendulum House, which was the, the, there was a concrete slab
in that which was the, the reference place for measuring the gravitational field, right, I
think for the whole of the UK actually. So when this house became vacant, it was,
really a sensible thing to move the department out there. The house has been really
rather little changed in the, the year since it was, was, was built. We still use his
library as, as the library of the, of the, what is now Bullard Labs, and his office, his,
his study, was Teddy Bullard’s study, and then when I ran it, it was my study, and it’s
now the, the room of the present head of department.
[01:01:53]
The, the house has a very beautiful garden surrounding it, with very, with a beautiful
cedar and lots of mature trees, and it’s really very nice, and, and it has a gardener, and
we, and it’s still keep in very much the way, I mean, he would recognise everything
absolutely as to what it was. The only change was, the entrance used to be, in his
time, through a conservatory, and that was a Victorian conservatory built out of wood,
and that rotted, and that was removed, but you can still see where it was. You come
into the place through an archway to the front door, right. The front door is, is to the,
to the right, and you go into that into an entrance hall, and, Teddy, Teddy Bullard’s
office, which was, he was my supervisor, was on the left, and there’s a staircase which
goes upstairs, right, and my office as a graduate student was at the top of the stairs.
And it’s now about, twenty metres away from hat on the other side of the stairs. My
present head of department, who was once upon a time my graduate student, James
Jackson, that was his office before he became Head of Department, and when I said I
was going to give up running Bullard Labs when I was sixty, he said, ‘All right, why
don’t we just simply change offices?’ And I said, ‘No, I don’t want to do that. That
was where I was a gradates student. I do want to move a little bit more than that in
my career.’ [laughing] The, the house is, is, was, it’s Edwardian actually, just past
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the turn of the century, and most of the original features are still there, and we are all
very fond of it. It’s, an interesting house, because, it, one of the really good things
about it is that it has rooms of enormously variable size, and so when I became a
graduate student, I was in this room with, with, two or three other people, two other
people actually, who are both still alive, and I know both of them still very well, and
they now, they’re both on, on the staff at University of California at San Diego. And
Teddy had very close relations with Scripps as we always called it, because, that was,
it, Scripps was the original oceanographic institute there, which then later became the
University of California at San Diego. And that must have happened just about the
time that I became a graduate student. So it was, we always knew it as Scripps,
because, well, that place is in two sites, one down by the Pacific, and the other one
which is called the Upper Campus, which is about two or three miles away, which is
the University of California at San Diego. And Scripps had really rather little to do
with, with what we called the Upper Campus there.
[01:04:55]
So, the, the first floor of that, of Madingley Rise, there were various people there.
The youngest was someone called Dai Davies, who later left to be, he went to MIT;
Maurice Hill had a, an office on the first floor; and so did someone called Ben
Browne, who was a real leftover from the Thirties. His, his, what he did was, was to
establish gravity base stations all over the world by swinging pendulums, right, at
places like airports where, you know, you could easily set up a reference base, right,
for later measurements. Because, the... He did it with pendulums, and ordinary, I
mean, the method by which we used to measure gravity, is with an instrument which
is really just a weight on a spring and you measure the length of the spring. But this
thing can only measure, I mean, the, the, the instrument is designed so that the... it
can’t cope with large variations of gravity, because, you know, the spring goes off one
end or, or the other, right. And so what you need is a set of base stations where you
can calibrate your spring instrument, and then go round and make local
measurements. And that was what he did all over the world. It seemed to me
extremely dull, right, and still seems to me extremely dull, important but extremely
dull. We don’t do it that way nowadays at all, right.
[01:06:37]
Teddy at that stage was coming to the end of his career. He was interested mostly in
how magnetic fields propagate into the interior of the Earth. He, he worked on a
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 118
C1379/24 Track 5

whole, a very large number of things in his career, including the, the main magnetic
field of the core, but by this stage he was principally interested in, in how magnetic
fields, mostly from currents in the, the ionosphere, propagate into the interior of the
Earth. And he took on two students that year, myself and Bob Parker, with whom I
shared a room.
[01:07:17]
Then, Maurice Hill, who was, ran the Sea Group that we... We’ve always had, always
had a, and still have actually, quite a large group of people who make measurements
of all kinds of geophysical things at sea. And Teddy had been involved in this in a big
way, but once... I mean, but, but... By the time I was there, he had largely withdrawn
from that; he occasionally went to sea, but Maurice Hill was running it. And what
Maurice was principally concerned with was to make bangs using explosives, and
listen to the way in which the sound waves propagated through the material beneath
the sea floor. And they had done a lot of this. But, the, the thing about going to sea is
that, boats are, I mean you need quite a large ship, I mean quite a large... It’s not
really safe to, to do deep sea work on a ship which is smaller than about 1,000 tons.
And, these ships have quite large laboratories on them, so it’s quite easy to set them
up to make all kinds of measurements while you’re under way, including the magnetic
field and the gravity field and, and the depth of the sea and things of that kind. So, all
of this data was, was, was acquired whenever Maurice went to sea. And he was
generally only interested in, in the part which was done as the... You know, you sail
there, you do an experiment and you come back again. And, and, the track, the stuff
that you got along the track gets looked at but not very carefully, and that was mostly
what Drum did, Drummond Matthews. And he worked at this stage, not in the old
house but in, in Newall stables. And the stables was completely unreconstructed, I
mean, there was a, a hay loft, right, in which he and Fred Vine did all, I mean, did all
their work on the magnetic field, right.
[01:09:34]
Then the, the manufacture of instruments was done in Pendulum House, which is
about, 100 metres away probably, and there was a small laboratory which had been
built to train people in seismic discrimination, of telling whether it’s, whether...
whether events were underground nuclear explosions or earthquakes. And that in the
Fifties had been quite a major concern of the department, but by the time I got there, it
was, we weren’t really involved in that sort of seismology any more.
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[01:10:17]
I myself, the, the research topic that Teddy wanted me to look at, was a really
classical piece of physics, which was to try and understand the properties of the lower
mantle of the Earth, that’s the material from about, the depth of about 700 kilometres
down to the core which is at a depth of about 3,000 kilometres, in terms of, of really
straightforward solid state physics. And I spent my first year doing that. And, Bob
Parker was working on the electromagnetic field, how the, the magnetic field
propagated into the Earth from the ionosphere, and John Sclater, who I think also
shared the room, he was interested in... He worked with Maurie Hill, who was his
supervisor, and he was measuring the heat flow through the sea floor by putting, by
poking sticks into the sea floor, steel sticks, and measuring the temperature difference
between the top and bottom, and so... and knowing the conductivity, you can work out
how much heat is being lost.
[01:11:28]
So that fairly much covers... And, Maurice’s secret, which Dai Davies was also a part
of, they ran various quite major expeditions in different parts of the world, and still at
that stage constructed their own instruments in the lab, and there were about, oh, three
or four technicians who were the technicians, some, some of them are the people that
you want to talk to, who actually built these instruments.

Were they based in Pendulum House, the technicians?

Yes. At the beginning, yes. Yes.

[01:12:04]
And when you arrived in 1963, presumably Drummond Matthews and Fred Vine were
no longer in the stable, they had...

No no, they were in the stable.

Still...

No Fred Vine had become a graduate... Fred Vine was one year ahead of me, and he
became a graduate student in 1962. And they were working on these magnetic
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profiles in, in the stables, and, and did so for the next two or three years. And Fred
will tell you more about this I think. Essentially, without any success that’s
interesting, right. And Drum by the end, by, by the end of that period, had really
thought that, that, the paper that they published in Nature, that that wasn’t correct,
because they couldn’t identify these magnetic anomalies. So, though this is, I mean,
in retrospect one of the really central places at a central time, didn’t look like that at
all, right, to a graduate student in the Sixties, right? And I knew what they were
doing, but I didn’t think they were getting anywhere either, you know.

Did you... What do you remember of what you saw of what they were doing in the
stables?

Oh, a lot. How... [laughs] The... [pause] The difficulty... [pause] Now. The...
What you, what you, how you measure the magnetic field is that you tow essentially a
bottle of water behind the ship, and you tow it at such a distance, right, that the
magnetic field it measures, and it measures it by essentially what I know as, as proton
procession magnetometer, which is essentially now what... it became NMR, right, and
then everybody, because of its use in, in hospitals, everybody got very concerned
about calling it nuclear magnetic resonance, so it then got changed to magnetic
resonance because everybody is frightened of nuclear, right. What they think they’re
made of, I don’t know. What it does is, it uses the water molecules, and you line them
all up in one direction by putting on a magnetic field, and then you switch off the
magnetic field, and they precess about the main magnetic field of the Earth. And the
speed at which they precess, which you can measure quite accurately, tells you what
the strength of the magnetic field is, but not what its direction is. So, it’s not that easy
data to, to, to process.
[01:14:44]
The other problem is that, what they were interested in is the magnetic field from the
sea floor rather than that from the core. And the magnetic field from the core changes
with time, so you need a quite complicated computer program to remove the timedependence of the core field before you can see what you’re doing. So everything
was done even right at the beginning in, in 1962. Everything was done on the
computer. But the computers were very primitive. So, they just got as far as being
connected to what was called a pen plotter, and a pen plotter essentially was just a
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biro, a ballpoint pen, which could be moved backwards and forwards on a little
carousel, driven by a wire this way, right, across the paper, and along the paper the
drum rotated backwards and forwards. And by doing these two things you can clearly
plot things. So Fred had written the programs to do this, produced these plots, and
they then took a pair of scissors and cut them out, right, and stuck them on boards
which were maps of the North Atlantic. And, this... So they spent a great deal of time
with scissors and glue, constructing these huge things. And then, the idea was that
you would then look sideways at this, and see whether you could line up the magnetic
anomalies, right. And I remember them having these huge boards covered with these
rather delicate bits of paper, trying to see the magnetic anomalies, and they couldn’t
see anything, right, it just didn’t work, right.

Where did they put the boards?

In the, in the, in the... in the stables.

On the walls of the stables?

No no, on the floor. On the floor. On the floor of a hayloft, right, in the top, right.
Because they were huge, right, and they needed all that space to do it.
[01:16:43]
And, and they had data from all the cruises, from, from mostly, I mean, the East and
North Atlantic, which is where we, we did nearly all our magnetic work.

Why is that? I was going to ask that...

What, why work in the North Atlantic? Ship time is extremely expensive, and they go
very slowly, right. I mean, ships go about the same speed as you can bicycle, right.
So... And nowadays they cost about $100,000 a day to run, so, all the transit time,
right, you’re paying $100,000 a day to get the ship there, and it only goes as fast as
you on a bicycle. So you, [laughs] you tend to work as close to home as you can,
because of the cost. They did... And, ships, I mean, the whole enterprise of running
ships was, I mean is extremely expensive. And you can’t do anything in marine
geology and geophysics without a ship, so that’s your, you know, sort of, your unit,
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your hammer costs, right. Nowadays, and even then it was £1,000 a day, and we had
no money at all. So, with great effort, right, and contacts particularly with the military
in those days, you, you could, with luck, get some ship time. And Drum actually, just
about the time I became a graduate student, persuaded the Admiralty to let him do...
[phone ringing] I’ll turn it off.

[pause in recording]

[01:18:18]
Yes. Drum actually, probably about the same time as I became a graduate student,
had persuaded the Admiralty to do a survey, and it must have been the Hydrographic
Office, do a survey in the North-West Indian Ocean, of towing a magnetometer. And,
this... I mean, there the magnetic anomalies were extremely clear, and, and he
mapped them, but, it was quite tough. He did it on HMS Owen, and he was doing it
by himself, and he had, he had the, the magnetometer was towed about 800 metres
behind the ship, and they hadn’t got winches, so you had to pull this in by hand, right,
and the, the ship’s crew just thought it was a joke and didn’t help him at all. And so
every time they, they, you know, stopped sailing, he had to pull this in. And what you
do is, you, you lower the ship’s speed to about a knot, and then you pull the thing in,
because if you don’t do it that way, then the cable all gets tangled. But pulling a large
object in when you’ve got 800 metres of, of cable out the back, and the ship’s doing a
knot, is absolutely exhausting, it takes you about two hours to do it. And it’s killing,
right. And that was the sort of help, you know, with great effort he persuaded the, the
Hydrographic Office I think, to let him do this. But they weren’t really interested in
this.

And why North-West Indian Ocean particularly?

I think that, it was probably political, right. I mean it would have been at the time that
Aden was causing trouble and there were ships there, right. Much of, of the, the work
which was done at sea, both earlier and at this time, and later indeed, you know, you
needed the military essentially to foot the bill, right, in order to, to pay for the ship
time, or something, right. Because, the whole enterprise was so expensive. So, there
was a lot of, of, of interaction between the, the, particularly the Navy here, and the US
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Navy, and, and the, and Scripps and, and Woods Hole and Lamont, which were the
various places which did this sort of stuff, right.

Is it the case then that, the scientists went where the ships were going anyway for...?

No, not, not generally. In the States what happened was that the, the Office of Naval
Research actually lent ships which were not of much use to them, right, to the
oceanographic institutes, and supported their research. Here, it was, there was, there
was government research ships, right, or there was one, the Discovery, which could
actually operate in deep water. And, you, there was a committee which decided and
you argued your case and all this sort of stuff. The usual [way] that these things work.
No, you can’t actually do scientific research at all easily from a naval vessel, it’s not
set up. The, the ones that, in the States, were actually submarine retrieval vessels.
The problem is, you need a very big winch, right, with, with a big cable. And the
cable’s got to be, oh, about five miles long, because the sea’s quite deep, and if you
want to put things on the sea floor, or if you want to dredge and pull up rocks and
stuff, you need one of these, the, the main winch, you need these huge winches. And
they, they dominate the whole of the back of the ship, and you have this big A frame
at the back, and the steel cable goes across the top. And, no one is allowed out the
back when these winches are in action because, if the cable breaks, the elastic energy
stored in it is such that it whips across the whole of the back of the ship at supersonic
speeds, and the cable’s about that big, and you’re absolutely dead if, if it gets you,
right. They’re extremely dangerous. They don’t often break but when they do, it’s
really dramatic. And you need also a lab which goes out onto the back, right, in
which you can prepare all the instruments and stuff, which are then lowered over the,
the end with the big winch, right.

[01:22:52]
So, in the period that you were a research student, between ’63 and ’69...

’66.

Sorry, ’66. It was during that period that Drum went out to the north Indian Ocean?
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[hesitates] No, it must, I think, have been the year before, right.

So when you saw...

But it takes quite some time to work up all this data you see, because, I mean you can
see from my description of, of actually removing the magnetic field and, and
producing these, these profiles and then, then cutting things up.

So when you saw Fred and Drum in the stables, were they working on any data from
the Indian Ocean, or was it the...?

What I remember was from the North Atlantic. Yeah. I mean, they probably were
working on the Indian Ocean too, but, but they didn’t have nearly the same amount of
data from the Indian Ocean. But what they had was much cleaner, and though we
didn’t recognise it at the time, or they didn’t recognise it at the time, they had actually
recorded all kinds of interesting things, right, and I’ll come to that later, because I, I
then worked on the Indian Ocean myself with John Sclater, at a later time, yah.

[01:24:00]
And what do you remember of... You’ve said a little bit about what they were doing in
terms of the cutting and the sticking and, the viewing of them. Could you say any
more about what you remember of seeing, a) what they were doing, and b) the sorts of
things you said to them about it?

I doubt, I don’t remember anything I said to them. Fred may. I, I didn’t think they
were getting anywhere, and, you know, I thought the idea was, was, was very clever,
and nice, but didn’t seem to work, right? And most ideas in the Earth sciences don’t
work, you know, that’s the problem. And the, the trick is to, to find out those that do,
and that was what they were doing, and, and Drum was not convinced at all that it was
right at that stage. I don’t even know whether Fred was. I mean, the data was awful.
When I worked on the data later, after we understood how to do all these things, with
Carol Williams, it became clear what the problem was, which was that, it was a
navigational problem, that in the North Atlantic at that time, the ships were, their
position was found by, by either making star sights, or sights on the Sun, and this is
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done with a sextant. And the error in doing that is, you know, a mile or two. If you
can see the stars and the Sun. But, the North Atlantic, particularly in the winter, you
never see the stars, the Sun and the stars. And, you know, then you have to do it by
dead reckoning, which is that you, you have a, a little propeller the ship tows, which
tells you how fast a ship is going through the water. You have a compass which you
hope more or less points in the direction you’re going. And then you just plot it on a
map, and, and, you know, see how far you’ve gone by dead reckoning in the direction
of the compass. And the errors, right, are, were, I mean, fifty miles, right. So they
really hadn’t any idea where those, those, where they were. So no wonder they
couldn’t see the, the linear profiles. That nowadays seems quite crazy given, you
know, that you, everybody now has a GPS receiver, and it tells you where, where you
are, you know, if, if you want, I mean in the way we use them, it tells you where you
are to a millimetre, right, but an ordinary person can find out where they are to within
a few tens of metres just by pressing a button. But in those days we had none of that.
There was no satellite navigation of any sort. I remember very clearly when that
came in in the Indian Ocean. I was on a cruise when, when the changeover happened.
And it was quite funny, because, the equipment had been installed, and I think it had
just, just been installed, when I got on the ship. And we sailed south from Colombo,
and, we were going quite quickly, and we had the... This was a Doppler navigation
system, it wasn’t GPS. And, and so it went to the, the laboratory, the scientific
laboratory, and, we plotted the ship track on the map, and it was going in a straight
line south. But it was all cloud covered. The bridge had no idea where they were.
And when finally it got a star sight, right, was it star sight or was it a, a sight on the
Sun? Anyway, they, they plotted it in the usual way, you know, and you get a
triangle, right, and the position is somewhere in that triangle. And the satellite point
came bang in the middle of their triangle. And up to that point the bridge thought that
this was complete, you know, just scientific stuff, they weren’t taking any interest.
And, they were really horrified that they had to ask the scientists where they were.
[laughs] And that was, that only lasted I think another month or two before they
insisted on having a read-out on the bridge. Because this is just a sort of... [laughs]
But at the time that Drum and Fred were doing it, particularly in the North Atlantic, it
was dreadful, they had no idea where they were. Much better off in the Indian Ocean
because the sky’s not so cloudy.
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[01:28:28]
So, putting to one side the problem of where these measurements were being taken,
and a lot of the time they didn’t know precisely where...

But the measurements were fine, yeah.

Could you tell me what the measurements looked like? You’ve described the, the
instrument as a bottle of water. I wonder whether you want to... I presume there’s
slightly more to it than that. So I wonder whether you could...

No, there isn’t actually. It really is just a bottle of water. And you have a coil round it
which makes all the hydrogen atoms point in the same direction, and you have another
coil which picks up the, the signal from rotating about the main magnetic field. And
all you do is, you count how many times they turn in a particular time, let’s say a
second. And that number then, in the early instruments, was shown on the instrument
in these, you know, these little glowing neon things which came out as numbers, do
you know what I mean? You have zero, one, two, three, four, five, six, seven, eight,
nine, as vacuum tubes stacked in a column, and you illuminate the one of the number
you want to show, which is just a little neon tube.

Mm.

And this was then written down.

Where was that, where was this, the number...

The instrument was in the, in the scientific laboratory.

And how was it connected to the bottle?

By a wire.

Did the bottle...
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By a cable.

All the way along the cable that was going into the sea?

The cable, it’s an insulated cable, it goes into the sea, out to the bottle at the end,
carries the current to, to line up the, the protons, and another cable to, to return the,
the oscillation you get from these things, rotate and...

And, and do you know the sort of time gap between each reading? Presumably
someone is sitting, sitting...?

Yes, somebody has to sit there, twenty-four hours a day.

Looking at the thing you’ve described with the neon lights.

And writing down the numbers in a notebook. There was no automatic recording,
there was nothing. This was an instrument we, we built at Bullard. The early
measurements, I think are every five minutes, probably, probably not much more
than... and you don’t need to measure it more often than that, because she ship doesn’t
go very quickly.

And then what was done with that notebook when it came back?

That notebook is, is the number of, of cycles, and what you then do is, by, from that
you can calculate, it’s just a, one over that number, is the magnetic field, right, the
strength of it but not the direction. And then, you have to calculate from, from some
models, what the core field is at that particular position and at that particular time.
And subtract the magnitude of the core field. Again, you’re not bothered with
direction because you haven’t got any direction And then, that difference is what you
plot on your, your profile at that particular point. That’s the difference, right.

[01:31:34]
Where was the computer?

© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 128
C1379/24 Track 5

The computer was here, in Cambridge.

In relation to Madingley Rise, the computer...

Oh, no it was downtown. It was, it was at the computer lab. There was only one
computer for the whole university at that stage, and it was called EDSAC 2.

So, they had to go to the computer to, you mentioned the plotter.

You had to go to the computer... First of all you had to enter all this data on to punch
paper tapes, and you had to write a program to generate the main core field.

Mhm.

Also on a punch paper tape. And then you could run this, right, at EDSAC 2. And it
had its own funny computer language, didn’t speak any of the ordinary ones.
Everything was much too early. I think it had a FORTRAN compiler even at that
stage but it wasn’t very satisfactory. And, the, the... It was really, it had been funded
by the computer lab and built by them, and so it was completely non-standard, right.
It was the only one in the university, so, and, and, you know, they were expensive,
they cost a lot of money to build in those days. And, it worked intermittently. The
computer lab people were mostly interested in writing compilers and things, so they
constantly fiddled with the, the compilers, right. So, you know, it was a major
undertaking to actually use it for scientific purposes. And, there were really three
groups which did that from an early stage. There were the, the high energy physicists,
there were the, the, the astronomers, the, the radio astronomers, and ourselves, right,
and they were, I mean other than that, it was mostly people who were interested in
computing rather than interested in using these things.

And then the paper tape output would be taken back to...

No, the paper, the, the... No. You input the stuff into, into[??] [inaud] paper tape...

Oh sorry, I meant the...
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You input the program as paper tape.

Yes.

And the output were these plots. And the plotter was down there, the plotter again
was attached to the computer.

So they then brought them back, cut them up and mounted them on the....

They being, being Drum and Fred.

Yes.

Yes, that was actually, you know, you had to take the stuff down there by hand, right,
and run it through this thing, and then take it up and, and plot it up.

[End of Track 5]
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[Track 6]

Now you mention that when you started as a research student you were put on to work
concerned with mantle convection, and...

No. No no no no. Not at all. What Teddy said to me was, was, it’s interesting to
look at the lower mantle from the point of view of solid state physics. Not at all the
motions, nothing.

Mm.

Just simply the fact that as you go deeper in the Earth, the pressure increases and so
the atoms are squeezed closer together, right. Now if you know the, the force you
need to move atoms closer together, then you ought to be able to calculate the density
and things of that kind of the lower mantle. Now the lower mantle is special, because,
the crystals there don’t rearrange. Generally as you increase the pressure, there are
certain particular pressures at which the whole structure of the crystals changes, and
you go from, from, you know, one geometry to another geometry, and that doesn’t
happen in the lower mantle. So the hope was to be able to look at all this from the
point of view of straightforward solid state physics atomic force laws.

And so when you said that you got to work on that, could you say what going into
Madingley Rise and working involved for you at that time? It may be obvious to
someone who is also a solid state physicist, but, you turned up for work; what did you
do in order to begin to understand the crystal structure or the, the...?

I did, I mean, I... Teddy, Teddy gave me some notes which he had started off on this,
and, I mean, this was not something which I knew much about from my
undergraduate training, so I read a great deal. And it seemed to me that the way to
start off was to use a very simple model of the force between two atoms, and this had
certain parameters which you could adjust to fit the data. And so I did that, and I did
all the calculations, not on a computer, but on these... they were, not exactly hand
calculators but they, they were things which would add and subtract and multiply by
having an electric motor which turned wheels. And we had a room full of these things
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at Bullard Labs, and they were extremely noisy and it was very slow. And I spent a
great deal of time calculating the values of things in equations, right, to see whether I
could get this approach to fit. So I spent a great deal of my time just simply pressing
buttons on things which looked like typewriters but were extremely noisy, and just
dealt with numbers, not... and, and had a readout.

[03:11]
Whereabouts in Madingley Rise was this room?

This was a room at the top of the staircase, right.

So, not far from, then, your research room which was also?

Those were right next to it. Not quite next to it. But it was kept separate because it
was so noisy, right.

And when you say...

And there were two or three of these, these things in there. It was a miserable
business.

You were using, you were seeing if it would fit the data. I wondered what the data
looked like.

The data was, was... The data came from, from looking at the, the velocity of sound
measured in the lower mantle, from earthquakes. And this had been done way back in
the Thirties by Harold Jeffreys, who had done a really very good job on, on actually
finding out... constructing a, essentially a velocity model of the Earth, which, which
matched the, the travel times of... There are two sorts of waves which go through the
Earth. There’s waves which are like sound waves, right, but there are also... And
they travel the fastest. And then there’s waves which are called shear waves where
the motion, instead of being along the direction of travel, is at right-angles to it. And
these sort of waves you only get in solids, right. And from those two quantities, one
should in principle be able to calculate everything else you want, like the pressure and
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 132
C1379/24 Track 6

the temperature and so on, if you have a good solid state, a model of the solid state
physics of, of the material. And that’s what I was trying to do.

[04:48]
And so, if you walked into this room that contained the calculating machines, and
you’re standing at the door looking in, what can you see?

A, a table with, with three of these machines sitting on it. And they were rather like
typewriters, they were that sort of size.

And, the output from those when you...?

It had a... They were just like typewriters, but they had a, a series of little windows in
which they produced the number, right, just as an ordinary number, and then you
wrote that down, right, or plotted it up or whatever you wanted to do with it, right. So
they didn’t have any, any... I mean they, they didn’t have a piece of paper on which
they printed it, you had to do everything by hand.

[05:31]
And given that he’s your supervisor at this time, I wonder whether you could talk now
about your, your relationship personal and professional with Teddy Bullard.

Mostly professional. I would go and talk to him about what I was doing. And he had
a, he had his office on the ground floor, and, he, he, he had a desk in, it had a, a bay
window, and he had a desk in the bay window, and he sat behind his desk and you
came in and talked to him about it. And I would do that, perhaps once a week or once
every two weeks or something like that, both to tell him what he was doing and... tell
him what I was doing, and, and ask him for, for guidance and this sort of thing. And
he would talk to me for perhaps an hour, right, and then I would go off. That was
fine, you know.

[06:26]
Reading for example Carol’s book on Madingley Rise, and she mentions what she
calls his eccentricities and contrasts these with certain styles of American scientists
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for example, but, I wondered whether you could say what was the particular nature of
the eccentricities...

He wasn’t eccentric, not really. He, he was a, he was an actor, is how I would put it.
He, he... And he wanted to do things which people thought was eccentric but he
wasn’t really, right. He was a, I mean, you know... He was... I mean the most
striking thing about him was that he, from a personal point of view, really kept you at
arm’s length, right. He, he was, he was not easy to get to know personally, and I think
I never really did. My relationship with him was really that of, of, of a student to his
professor, and later on then of, of a junior faculty member to, to somebody who was
really quite senior. He was much more separate than for instance I am with my
students. I’ve never understood quite why. I mean he... His very close friend Walter
Munk, who is still alive, I spent much less time with him, but I, I know him, I mean,
you know, I went to dinner with him, I know his wife, I met his children, and, it was
all very easy compared with my relationship with Teddy. Teddy was, was, was very,
you know, he really didn’t want you to get too close to him in some funny, I think
psychological way really. And I never really understood that. He, I mean, he was a
shocking driver. He, he, he held his exhaust pipe up with a bit of wire, right. He had
dreadful teeth. No, he wasn’t really eccentric. I mean he, he had been far too much
part of the Establishment to, to be... I mean he, he was a, he was head of the National
Physical Laboratory, he was in charge of the, the committee, it was a US committee,
which decided how to set up intercontinental ballistic missiles. He, he was, was
deeply involved in, in all kinds of secret work for, for the British Navy, he had been
head of the National Physical Laboratory before he came to Cambridge, he had
contacts all over the world, with all kinds of people. I wouldn’t have said he was
eccentric at all. No no.

And what were the sorts of things that you say he might have performed, you know,
which other people would describe as eccentric? You said that he, he quite...

I don’t really remember. I never thought he was eccentric at all, right. I mean, you
know, he, he was a character, you know, but, but, I wouldn’t have said he was
eccentric.

© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 134
C1379/24 Track 6

[09:52]
And how did you address him when you went to speak to him, just...?

Teddy. Teddy. No, the... It took me a certain length of time to, to get used to calling
Sir Edward Bullard FRS, Teddy, but, you know, he was... I mean that... He had spent
a lot of time in the States, he was completely without that sort of formality at all on
anything. I mean that was, that wasn’t, that... it wasn’t... His, his barrier was not
trivial like that, it was, was, was deeper. No, everybody called him Teddy.

[10:28]
And, did you have any sense then of his view of continental drift or...

Oh yeah, yeah. I mean he, he wrote a, a, he gave a talk to the, the Geol. Soc. in 1964
which was, it was published in 1964, and, he was completely open-minded about it.
There were a lot of problems with, I mean, with, with the whole thing at that stage,
conceptual problems, and those bothered him. He was convinced that it ought to be
taken seriously, and he, one of the last really original pieces of scientific research he
did, which happened, it had just been finished when I became a graduate student, was
to fit the continents together round the Atlantic by doing it properly, taking the
continental margins rather than the coastlines, and fitting them as best you could on
the computer by using rigid body rotations. And he had just finished that piece of
work, right, when, well, it was being written up I think when I became a graduate
student. One of the first conferences I went to in my life was one at the Royal
Institution where he presented this, and it was all on continental drift, the whole,
whole of the, the session.

In the, in the article that you wrote in the, the recent book on plate tectonics which
involves a number of personal stories...

Yes.

...you mentioned that at the time you were not entirely keen on the method that had
been used in the computer model you just mentioned.
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Yeah. Yeah. That’s, that’s a very technical bit. What he did was to take different
points along each coastline, or rather, not along each coastline, along each continental
margin, and he used the, as I remember, the, either the 200 or the 500 fathom line, and
a fathom is about two metres. And, he then used a theorem of Euler’s which is that,
any rigid motion of a cap on a sphere can be described by a rotation about some axis,
and that was the, was that the first time I had come across that theorem? Probably.
And he just used it as a, a method of describing the, the motion, right. So, you know,
any motion he, all he needed was the, the latitude and longitude of this rotational axis,
and the angle through which you turn. And, he then measured the, the misfit, right, of
the two lines, which he had, one of which he had rotated, by measuring the difference
in the longitude, right, of those two lines, along a particular latitude. Now, the
difficulty with that as a method is that, what generally happens when continents
separate is that the break occurs along one of these lines of latitude. And as a result, if
you take that as a latitude, you get a big difference where it cuts the two lines. And it
seemed to me that the right way to do this was not to measure the difference in the
longitude against different latitudes, but was to actually measure the area of the, of the
misfit plus overlap, right. And that was actually what you wanted to minimise, to,
to... And I mean, a great deal of, of doing this sort of science is, is doing what is
perfectly obvious to you but doing it on a computer, which is not trivial. And so, I
had got interested in doing it that... I mean, I thought that this was the right way to do
it. And later on I did indeed do it that way, but, the beginnings of my involvement in
all this was, that the penny dropped as to, you know, that this construction which
Teddy used was actually much more general and it was the way to describe
continental drift. But, my objection to, to what he did was, was really that, you could
get a better fit by minimising the area rather than by measuring the misfit in longitude.

I see.

I don’t know how clear that, that’s going come over, but...

Yes. Yes.

It’s a very technical business, you know.
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[14:53]
Now, when you first started at Madingley Rise, what sense did you gather then of its
sense of its own history? And I, I don’t...

Ah yes, this is...

I don’t mean the...

Yes. Go on.

I suppose I don’t mean the history of the house which you’ve outlined in terms of its
ownership and all of that.

Yes.

What I mean is, the history of the Department of Geodesy and Geophysics. So, the
sense of itself as having a particular history. What sense did you gather of that from
the people who were there, in other words, things said, but also in the way that things
were displayed in the building.

More, much more from the people. The... I think I’m right in saying that up until we
appointed Keith Priestley in the, 1980s, everybody at that department had a PhD from
that department. It was entirely inbred, right. And, Teddy had been there right from
the beginning, as had Ben Browne, right. No, not quite from the beginning, but jolly
nearly. It really, it was a one-man show until Teddy was, was appointed the assistant
to Sir Gerald Lennox- Conyngham; it didn’t really exist much before that. So,
everybody there had been there, right, during... I mean, a lot of them had been there in
the Thirties, and then they’d gone way to war work, and then they’d come back. And
Teddy had actually gone, he came back but then he went to, to Canada, and then he
went to the National Physical Laboratory, and then he had come back to Cambridge.
So, you know, yes, he’d had some intermission.
[16:37]
So, it had a... I mean everybody knew each other very well, and it had a very strong
feeling. I thought, as a graduate student, I was... I mean, I was a bit concerned that it
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was so, it was both small, and not very rich, it had no undergraduates, and I had no
idea at that time what it looked like from the outside, or, what bothered me much
more, whether the things that people were doing there were actually, you know, part
of the, you know, the general development of, of geophysics. And, I mean at the
beginning it didn’t worry me at all, but after a fairly short period of time I, I began to
be really quite concerned about this. I... And, and also you see, I mean what Fred and
Drum were doing was very much not what everybody thought was a sensible thing to
do, right. We had, even... I mean we’ve was always had, and we had then, quite a lot
of American visitors on sabbatical, mostly from, from the oceanographic places, from
Scripps, from Lamont, and from Woods Hole actually. And so... And these people, I
mean, sabbatical visitors are splendid, because, they’re not doing any of... They don’t
belong to the structure of the place, so have lots of free time and you can talk to them.
So I sat and talked to them enormously, and, particularly to Freeman Gilbert, who was
there, probably during my first year on sabbatical. And also there were some, some
people from Lamont who were marine geologists. And, also, there was, Teddy had a
stream of visitors, of all the names of the people who wrote textbooks and all this sort
of thing. So, you know, I... And, and they were... I mean, you know, people were
much less busy then, so you, as a graduate student you could sit and talk to them and
get to know them, right. And, and I was, I was, was very interested in doing this, you
know, of getting to know the people whose names I knew from the publications. And
this really, during my first... I mean, you know, my concerns gradually became much
less.
[19:19]
And then, Freeman Gilbert, probably... where are we? What happened, what’s the
sequence? It must have been, I think... No it must have been during my second year
actually that Freeman Gilbert was there. But I mean, not jump ahead. So, so that was
what the feeling was like, right, and, and my reaction to it.
[19:48]
The other thing which happened was that, this work which I described to you of
looking at the lower mantle, Maurice Hill said, ‘Why don’t you write that up, and see
if you can get a fellowship at King’s?’ Which frankly I would never have thought of
doing, I mean not that early. So I did as he suggested, and to my astonishment was
elected to a fellowship eighteen months after getting my first degree. And that meant
that I... Then, then there was a wonderful argument between Teddy and King’s as to
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who should pay me, because, I had a, a scholarship which belonged, which was, I
mean in the department’s gift, which was funded by Shell, right, and Teddy, Teddy
wanted to take that money and have it as part, you know, take it back to the
department. And King’s of course wanted the department to pay for the cost of my,
my thing. And nobody was quite clear what to do, because, they weren’t used to
having graduate students with external support, who then got fellowships. And they,
they in the end decided to split it fifty-fifty, which, I mean is, is what I would have
guessed would happen on these things from my knowledge nowadays.
[21:01]
So, I was then... And that was for four years. So, so, I... And, King’s didn’t mind
whether I was in King’s or whether I was, where I was. And it would only pay me if I
was in Cambridge, but, but I could hold the fellowship wherever I want. So I thought,
right, why don’t I take advantage of this, and go off to Scripps and see what the place
really looks like from the outside. And so I persuaded Freeman to, to, and this was
the days when there was lots of money, right, to, to give me a little bit of money off
his grant, to come to Scripps and work there. Which, I did, and I must have gone to
Scripps, probably in the summer of my second year there, must have been about like
that. Perhaps a bit earlier. Anyway. And, after I had written this thing up for, for
King’s, I decided that this was not what I wanted to do, right? So I, I then, what I
wanted to do instead was to think about, essentially mantle convection. And, I didn’t
know at that stage any fluid mechanics, and I knew precious little material science.
So I spent my time at, at Cambridge and at Scripps, of learning about these things and
getting, getting on top of them. And, and that’s really, I mean, I talked to Walter
Munk a lot about, about this, because he’s a fluid analyst. And they were quite a
strong group. They were mostly interested in, in the fluid mechanics of the oceans,
right, at Scripps, rather than in the mantle. Even now they’re not really, don’t do
much work on the mantle. But that was what, that was how... And that was my idea,
that wasn’t Teddy’s idea.

[23:00]
Could you say then a little bit more about your concerns about Madingley Rise?
You’ve mentioned the smallness of it, the act that it was composed entirely of
Cambridge graduates, or its own graduates.
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Both. I think. Am I right in saying that?

Yes. But what...

Probably not quite, but nearly.

But what... So say more about what concerned you then.

I wanted to be part of, of, you know, the larger world. And, you know, I had gone
from being at Westminster and politically active, and I had shrunk down to
Cambridge which I found really quite parochial when I came up as an undergraduate,
and, and, and, you know, quite old-fashioned. And then I had got even smaller, right.
And I was concerned that, that, you know, was this really the right thing to do, you
know, what, what... Because I was ambitious, right. I didn’t... And I had no idea
how to be ambitious really. I mean, none of my family were academics in that sense,
and I, I had no idea at the beginning as to how you sort of constructed an academic
career, right. I knew I wanted to do research; I wasn’t at all clear that I wanted to, to
have, to be an academic, that was, that was not my interest. My interest was to do
research in, in something interesting, I mean in, in physics or whatever, you know.

OK, so...

So it was, was the...

So the decision to go to Scripps in 1964...

’65 I think.

’65.

Yeah.

Which would have been, sort of, the second or third year of your...
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Second.

Second year.

Second. Remember, remember everything starts in October, right.

Yes. OK. So, can you take yourself back and, and tell me why you thought you ought
to go to Scripps at that time, in the context of these concerns, rather than anywhere
else you might have...?

Ah. I mean I, I went to Scripps because Freeman invited me and had some money.
[laughs]

OK.

And also, Teddy had very good contacts at Scripps, right. So, I mean it was much
more opportunistic than that. I, I would have gone anywhere, right.

So you spent some time now at Madingley Rise. You’re now at the Scripps
Oceanography...

Scripps... SIO, Scripps Institute of Oceanography.

In California.

Or whether it’s... Institute or Institution, I don’t know.

Institution I think, of Oceanography.

It’s Institution. Yah.

So, in California.

Yah.
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 141
C1379/24 Track 6

[25:33]
Now... So you’ve got two key institutions in the development of geophysics at this
time. And you’re now in a position to compare them, being, home.

Yes. Yes.

Can you remember how they, how they compared at the time?

It wasn’t... Well, I should say a little bit more about Scripps. Scripps started really as
a marine biological station. It got into, essentially ships, and then into marine geology
and geophysics. And there was a very active group there in marine geology and
geophysics which had been going even before the Second World War and continued
in a very big way, it was one of the, it still is one of the really big institutions of this
kind. The, the... In the, the Fifties, Walter Munk, who is a physical oceanographer,
he spent a sabbatical here, and was tremendously taken with the completely different
style of doing things which he found in Cambridge, which was really clever people
doing things, not exactly on their own, but, you know, not part of, of some huge team
doing some enormous thing. And, and he went back to Scripps, and the head of
Scripps was somebody called Roger Revelle, and Walter... I should... Well...
Walter’s just produced a... What have I done with it? [pause] I can’t find it. Find
it... Remind me before...

OK.

...before you go. But he’s produced a... I mean he’s, he’s now ninety-two, right, and
so his memory goes right back to all this. He was offered a professorship and head of
department at Harvard, and was very tempted to go to Harvard, because, he could...
Harvard was interested in setting up something along the lines which I’ve just
described. Roger didn’t want to lose him, and in those days there was really a lot of
money, so Roger said, you know, ‘Well what, what do you want to do? Why can’t
you do it at Scripps?’ right. And so Walter said what he wanted to do, and Roger
said, ‘Yup, fine.’
[28:19]
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So, Walter than set up something called the Institute of Geophysics and Planetary
Physics, IGPP, and his wife was an architect, and so they built a building, which is
really spectacular, right, which is about halfway up the cliff above Scripps. Its
seminar room sticks out over the Pacific, and it has this magnificent view right across
La Jolla and all the way up Black’s Beach, right. So, it was about sort of, ten or
fifteen miles of Pacific coast with this seminar room sticking out over the Pacific.
[29:03]
And he then hired... He went round the States with positions in his pocket, hiring
people he thought were really clever and good. And, he put together a group of
people who were really terrific, and they were also nice, right. And, all of them then
went on to terrific careers in the States. He had very good taste, right, and, and got
these people when they were young and they, they, you know, they all, I mean, really
all of them I think have stayed at Scripps, right, and most of them are now all retired
of course, because it’s a long time ago.
[29:46]
And he built this building, his wife designed it, and the building is in the form of a
cross. There’s, there’s one long corridor of which, at the end is the seminar room, and
the seminar room has no doors, it’s, it’s, the entrance to it is probably about twice the
size of the end of this room.

We’d better for the recording have an estimate in metres I think, because they can’t
see it.

Ah. So it’s, the opening into the seminar room is probably three metres by six. And,
it has folding doors, but they’re always kept folded back, so, your view down, at the
end of the corridor, is of the Pacific and of Scripps Pier. And then the other, the other
piece of the building is at right-angles to that, and that was built as essentially labs for
constructing oceanographic equipment. And it has, you can actually back very large
trucks into it, and it has, they build the... put... The labs are actually containers, and
they just put the containers on the truck, take it off, and stick it on the ship, and there
are bolts, right, on the ship, which are, on the Scripps ships, which are aligned for the
standard container sizes, and you just bolt it down, and then off you sail. So you can
take all your equipment in its lab, right, just as it is. And that was a really brilliant,
that was Walter and that was really a brilliant way of doing this sort of thing.
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[31:36]
And he is partly a theoretician and partly an instrumentalist. And really one of the,
terrific people, right, in the business. And, so, it was to that... That’s where Freeman
Gilbert and George Backus worked, and, and so it was to that building and those
people that I went. And I got to know most of the people there, and, actually, and I’m
not... Because, it was a big building, and there was a shortage of space at Scripps. At
the beginning the astronomers were also in it. And Fred Hoyle, who I had known
from Cambridge, was a visitor. And, and so I, I got to know the astronomers too,
right.
[32:13]
And this was just a completely different environment from Cambridge, and I hugely
enjoyed it. And I was tremendously taken right from the beginning by the American
way of doing science. I mean, it was just a complete revelation to me. They just had
no interest in who you were, what your background was, you know, what your accent
was, you know, how old you were, all this was irrelevant. Were you doing interesting
things? And that was purely the concern. And I remember the first time I met Walter,
I was, I had a small office on the, on the... The grand offices were all in this corridor
with the seminar room here. So I was given one downstairs in the back of one of
these labs. And, and, I had not met him. And Walter had, interestingly, the office
next door to that, right. He didn’t have one of the grand offices, he had an office
down on the floor. Because that kept him away from all the visitors and running the
place. And so, I was sitting there working, and, and he came along the corridor, and
he saw me, and I was in his building. What was I doing? Who was I? So, he
immediately came in and started talking, right. And, you know, was, just terrific,
right. And, at the end of the conversation said, ‘Come and have supper with myself
and Judy,’ right. So, [laughs] I being a well brought up young Englishman put on my
suit and tie and went to see them. And of course this was California. [laughing] He
was in shorts, bounding across the floor. I never did that again. But, he knew
Cambridge, he was completely, you know, it didn’t bother him one little bit. He was
only interested in, you know, my, what I was interested in, what I was thinking about,
what I was doing and all the rest of it. And he clearly knew something about me from
Teddy, right, because, he and Teddy were very close friends. And then later on Teddy
came, right, on, for the summer, and, so I saw a lot of Teddy there too. But that was,
you know, he wasn’t quite, he wasn’t quite the first American scientist I, I had come
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across, but, he was the first one who really, you know, was like that. And, he, I mean,
now I know more about his, his background, I didn’t realise, you know, his
extraordinary background, you know, just completely... And, and, and I’m not
surprised he ended up in the States, like this. The amazing thing is that, that, you
know, he turned into this sort of scientist, his background. Really odd. Anyway.
[35:00]
So that was my first real experience of, of, of working in an American institution.
And, I stayed there, I had gone because I didn’t know anything at all about how you
went to the States. I knew I needed a visa, because I needed to be paid. And in those
days there were quotas, right, and so, for, immigration quotas. And the British one
was never filled, so I thought, well, all right, I’ll get myself an immigration visa,
which I did. And went there. What I didn’t realise was that if I had an immigration
visa, I was liable for the draft, and this was the Vietnam War, right. And so, I was
allowed grace of six months, right, and then I had to register for the draft. And when
the papers came requiring me to do that, I simply got into an aeroplane and came
home. Because various Englishmen I had known had got, been drafted, and had
actually gone out there.
[36:03]
So, after that I never went on an immigration visa. I, I had worked it all out. I also
took the chance and went all over... I met, what’s his name, Green? Not Hugh and
not Trevor. [Cecil Green] [pause] Anyway, he, he was one of the people... He was a
friend of Walter’s, and of Teddy’s, and he founded Texas Instruments. And he was
there at La Jolla for the summer. And, I got to know him, and he said, ‘Why don’t
you come and visit me at Texas Instruments?’ [laughs] So, I remember I flew to, to
Texas, and was taken round... He took me round the whole of the works in his Rolls
Royce, you know. [laughs] He was one of the, the, two or three people who, who
started the company. And I thought this was wonderful, I, you know... And, and, I
had got myself a ninety-nine day, $99 Greyhound ticket, and so I went all over the
Deep South, and it’s the only time I’ve ever been over much of the Deep South, in the
back of a Greyhound bus. And went then also up to Lamont and, and, Harvard, and I
think Woods Hole, to talk to people who I knew on the grounds that, you know, I had,
I had discovered that, yeah, you could, with Americans, you could write to them and
say, ‘Can I come and talk to you?’ And they would say, ‘Yes,’ even if they were
terribly grand. And I thought this was marvellous, so I went all over the place and
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talked to all the people whose names I knew from, from, from the journals. And, and,
you know, this... That was essentially it, if you know what I mean. But it cured me of
any of these issues of the sort that I was talking to you about before, of being
concerned about being, you know, in this little lab in Cambridge, you know.
Because...

How did it cure you of that?

Oh, because, I mean I saw what it all looked like from the outside, right. And I didn’t
mind then at all. You know, you got, you’ve got to be based somewhere, it didn’t
make any difference. You know, the aeroplanes weren’t that expensive, and you, you
could just go and talk to people, right, and you could go and visit, and you could, you
know, go for six months or whatever you wanted, right. And, and so, that cured me
completely of that concern.
[38:38]
So I came back here, wrote my PhD, quite quickly. And then Teddy had got me
invited to, to a conference which was held in the autumn of 1966, which was later
published as the History of the Earth’s Crust, which, the whole... And I wrote my
PhD, my PhD really entirely concerned with the fluid dynamics of extremely viscous
materials, solids, right, all solids at higher temperatures flow, right, and this was well
known about, not in geophysics but, from the, the, the nuclear industry. And they had
done a lot of extremely detailed work on this, and it was really very easy to take that
and apply it to, you know, high temperature flow in the mantle, which I did. And, my
PhD is, the central part of it is completely wrong, but the, the whole sort of
understanding which is there is, is what has really kept me going ever since. It’s, you
know, I, I got to grips with continuum mechanics and with the methods of, of fluid
dynamics and all that sort of stuff, and, and, you know, have used that ever since.
Well I’m using it, I was using it this morning when you, when you arrived, right. And
that really comes back from, goes back to my PhD.

[40:13]
Just taking you back to Madingley Rise...

Yes.
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Did you have any sense of Madingley Rise’s colonial history through LennoxConyngham and, and geodesy? Was there...

Not really. That, I mean my, my interest in the history of the place has really come
later, right. I knew that Lennox-Conyngham had come from the Indian Survey, but,
the things he did were not the things which were any longer going on there. He was a
geodesist and by the time I joined, we weren’t doing geodesy at all.

Mm. And did you have any sense then of relations between Madingley Rise and the
Department of Geography which it had separated, geophysics had separated.?

Well, no. It was physically housed in the Department of Geography, but I don’t think
they ever had anything to do with each other much.

I think Steers might have been on the committee at ...?

Oh lots of people were on that committee. But, but by the time that we were
concerned, that I was concerned... I mean, I’m not even sure I knew there was a
committee at that stage. Later on we used it quite extensively to interest people in
what we were doing, but its oversight role had completely disappeared long before I
came there, right. No no, the, the... You k now. Teddy kept it, because it meant he
could have his friends up for a good lunch really, right. No, the committee of geodesy
and geophysics, I mean, that may have been important in the Twenties but, but by the
time I was involved in it, it was, it was just a shell.

[41:50]
And where did you live as a research student at this time?

Ah. Yes. The... I was an undergraduate here, so I knew the ropes. King’s told me,
‘Yup, now you’re a graduate student, we’re not going to house you,’ right. So, I had a
choice of rent... I mean, the obvious thing to do was to rent a room. And I looked into
that and it was going to cost me £3 a week, and I was paid £550 a year. And so, I
thought, hm, well, what about buying a house? So, I went and looked at that, and, a
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large part of Cambridge was going to be demolished, and the houses in that part of the
town were selling for £300. And I thought, well, yeah, all right. But why don’t I have
a look at houses which are not going to be demolished? So we found somewhere
which, I found somewhere on the top of Castle Hill which was a little Victorian house
on a, a, it was on a terrace, and in front of it was a pedestrian way through, just a path,
and on the other side was, was a cemetery, and it faced south, and it was really quite
charming. And in those days you could get money... And it had a cold water tank,
and, and, and that was all really. It didn’t have a bathroom or anything. And, because
they were, the Government and the Council didn’t really want to demolish a large
stretch of thing if it could be, if they could be upgraded, they gave you grants to, you
could get grants to put in bathroom and electricity and so on. So I thought, hm...
[rubbing hands] So we bought it for £1,750, and there were three of us, right. So our
annual income was almost the price of the house. And, the other two were Mark
Moody-Stuart, right, and Andrew Hunt. And Andrew... And we put in, we were paid
by the, we were paid three times a year at the beginning of each term, so we had
enough money to pay the deposit which we had to pay which was £50 each. So that
was what we did. And then we spent a month doing it up, making it nice, and we
built the bathroom on the back, and used the college bathrooms until we had one of
our own, this sort of thing. And by Christmas Andrew had decided he didn’t want to
do research. So he left and I bought him out for £50. So I had two shares and Mark
had one. And I lived there for the whole of the period until I got a college fellowship
and then I moved out, right, into King’s. And Mark then got married, and lived there
with Judy. And Judy actually, when I was an undergraduate, Judy was my physics
practical partner, we both loathed doing physics practicals, but I liked her and, and so,
we did that together. But, Mark didn’t meet her through, through that, he met her...
And he was a geologist, and, all my friends really were geologists, right, I got on with
them very well, I liked them very much.
[45:09]
And so Mark and Judy lived there, and, until he wrote his PhD, and then he went to
work for Shell. And I then rented the house, right, to a bunch of teachers, and, when,
when I got married, turned them out and did it up and sold it, and made a huge stack
of money which let us buy this house, right, because they had now moved. Mark
went off to Shell, and, then did extremely well, and he ended up as the Chief
Executive, right, of Shell. And then when he retired from being Chief Executive of
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Shell he went off to be the Chair of Anglo-American, a big mining company, and now
he’s retied I think, I haven’t seen him for a bit.
[45:52]
And, and, Andrew went into teaching, and did really very well, but, but in a, a
different direction. He became involved I think in the Nuffield project, teaching, and,
and stopped actually teaching children himself. But I haven’t seen him for a long
time.

[46:11]
And, could you give me a sense of your pastimes and social life at this time?

Oh we had swarms of friends, and, we, we used to have lots of parties. There was a
pub round the corner from this house. And, and we still had lots of money, and, and,
you know, it cost £1 a week each for the mortgage, so I moved my bedder from
King’s who came and made the beds and cleaned up, did all the washing up, and that
was another £1 a week each. So we still were saving £1 a week. So we bought a car,
right. [laughs] And we had a splendid time, really, you know, very social, lots of
friends, lots of people in and out, because, you know, Mark and I both had lots of
friends and... And then gradually, my life contracted. It was partly that my friends
left Cambridge, and they got married, and I was spending, you know, steadily... I
mean, once... really from, from when I first went to the States in 1965, to when I got
married, I suppose I spent about six months in the States each year and six months in
the UK. All over the place. And I’ll come to that in a minute. But once I had got the
hang of how American science worked, right, then, I mean, I, I discovered I could
easily, you know, work there when I wanted, and I worked all over the place, and, I
know American universities I think probably better than almost any American,
because I worked at, you know, something like ten or twelve of them at different
times.

[47:53]
And when did you get married? Since you’ve just mentioned it.

1971. And my mother was dying.
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Did your... what were your relations with your parents at the time that you were a
graduate student at Madingley Rise?

Oh I didn’t go, I spent very little time with them. I mean, once, once I came up here
at eighteen, I, I really spent very little time at home, right. And, you know, once I,
once we had this house, you know, and, all the rest of it, and the car, you know, I had
become really very independent of them.

Were there significant relationships with girls in this period, in the sort of, graduate
student...?

Yes.

Would you like to...?

No. [laughs]

Rather than tell me about them, would you like to say instead why you feel you don’t
want to talk about them? Because that’s quite an interesting...

Well, my private life is my private life really.

[49:00]
Thank you. Now, in Carol’s book on Madingley Rise, she talks about the coffee room,
and she’s talking about the mid-Sixties...

Yes.

...so this was, while you were a graduate student. I’ll just give you sense of what she
says, just as a, as a way of prompting memories. So I don’t want to lead you into, you
don’t have to agree with this account, but just as a prompt. Several students and
assistants gathered in the coffee room. She doesn’t say the other academics, but
students and assistants, ‘...with lunchtime sandwiches. Bob Parker and Dan
McKenzie were there. So were other students of that era, David Pugh, John
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Sunderland, John Jones, Manouch Takin and Monica Dirac.’ And she talks about,
there was a lot...

Manouch Takin.

Ah.

He’s, he was, he was Iranian.

Ah. So first of all, could you describe coffee time at Madingley Rise at this time?

It hasn’t changed. The... Well, I mean, that was lunch. And the students still have
lunch together, but, I don’t have lunch with them, but, but, we all, I mean then, we,
everybody stopped what they were doing at eleven o’clock and came out and drank
coffee together, right. And they did the same at four o’clock and drank tea together.
And, my view of the world is that I divide up departments who do this, right, and who
sit down to drink tea and coffee, from those that don’t, right. And those that don’t are
basically no good. That’s it. [laughs] It’s as easy as that. They may be no good if
they do do it, but they’re certainly no good if they don’t. And that is a feature of
intellectual life in Cambridge in, essentially all the scientific departments. And, we
certainly, at Bullard, have made the tea room as nice as we can, and people use it for
all kinds of things, and it’s exactly the same downtown. Because, what happens is
that everybody comes down, and they talk about all kinds of things. Some of it is
about what they’re actually doing, some of it is political, some of it is technological,
some of it’s engineering. It’s a complete mixed ragbag of just everything. And, you
learn... I mean that’s really how I’ve learnt most of my geophysics, is talking to
people over coffee, right. And, quite often, particularly with sabbatical visitors, who
are not, not pressed for time, you know, you start at eleven and there’s no reason to
stop, and, it may be that you go out and have lunch together at one o’clock after
having sat there and talked all morning, you know. It’s completely without any sort
of, of, of thing. But normally you, it’s half an hour. It’s also, when I was running the
place, when I did all my sort of busy busy business; instead of having committee
meetings, you know, we would talk, you know, get people together round a, a table at
Madingley. If the students were interested, they could listen in; generally they
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wandered off, right. And sort out whatever it is that we had to sort out. It’s an
extremely efficient way of running the place, and it has this very strong intellectual
thing. And it’s, it... The only change, [laughs] was that, when I was there as a
graduate student, there was a man who made tea, and he would come round and he
would knock on everybody’s door and he would say, ‘Coffee is ready Sir,’ right, at,
just shortly before the, the, you know, ten, five to, to eleven or whatever. And we
don’t do that any longer. [laughs] And it used also to, we used to have coffee, but not
tea, on Saturdays, we worked on Saturdays mornings. And people wore ties and
jackets and they don’t do that any longer. But that’s, I mean, that’s about the only
change which has happened in, whatever now, nearly fifty years I’ve been there, right.

[53:13]
And, this is asking a lot I realise, but, this, in the mid-Sixties, when you were a student
there going to this thing, do you remember, if not particular conversations, the, the
sorts of conversations you were having then with the...

Exactly the same as now. I mean, the place has not changed at all. I mean... I mean,
I just, you know, I have no particular memories of conversations in the Sixties,
because, they were with the same people as, as I, you know, in the Seventies and
Eighties and all the rest of it.

Mm.

And, you know, it’s, it’s how you get to know people really, and I mean it’s a, it’s a
group of colleagues who you get to know really very well over the years, right, and it
hasn’t, you know, it’s... As an enterprise and, and, and its purpose hasn’t changed at
all. The place, I mean, almost... It’s, it’s less changed than any organisation I have to
do with outside, right. It really is quite remarkable. And it’s not in... I mean, you
know, it always seems to me strange that that should be, because, the graduate
students stay there for three or four years, so we have a turnover of something like
ninety per cent every four years, and that the place should be as resistant to change as
it is, is not because I won’t let them change. You know, I have very little, you know,
I don’t bother with it really. Completely rational and sensible and responsible and,
you know, absolutely off as, as far as, you know... And they’re all going, I mean
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they’re going to go off and have careers like Mark and I did, I mean it’s not really, to
me now, you know, coming to the end of my carer, surprising that they’re as, as, as
effective as they are, and that they... And if they wanted to change it, they’d change it
just like that, there’s nothing sort of, there’s no sort of, framework which is imposed
from the outside. It’s, you know... And, and people have extremely fond memories
of it. We have alumni meetings where everybody comes back and, and they all come
and meet their old friends and want to know what’s happening and come and look at
posters and all the rest of it.

Mm.

It’s a... And it’s, it... When I was a graduate student, I don’t know whether it still is
like this, but, it was known as the best club in Cambridge, right. And it’s partly
because it’s not a very big place, right, and it’s in such a beautiful place, and, you
know, the... We have for instance a croquet set, so you can play croquet on the front
lawn, this sort of thing, right. That’s provided by the BBC for a film. I’m rather glad
they didn’t use that particular set of shots. [laughs]

When was, when was there a BBC film?

Oh there have been several. There’s quite a lot of them. That one was done by John
Lynch I think, I think he was the person who bought the croquet set. I, I have just...
Because, as well as talking to you, the Geol. Soc. is making a film of me, and so, I
have them all on, on CDs, and I also have them on the machine.

The BBC films?

Yes, they’re all digitised.

Oh, I’ll look.

It’s quite, it takes quite a long time to copy the CDs. The... Can I... I think I can just
lend them to you if you want to, right.
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Yes please.

Because I’ve got, I’ve copied them on to the, onto the thing. It’s... I think they are
rather big. I don’t think I could send you them over the, the Internet, but I can
certainly lend you the CDs, right, of...

Yes please, yes.

And... So that’s... And, and, I think they will give you quite a good idea of what the
place is like, right. You can come and have a look if you want.

Mm.

Right?

[57:15]
And, what do you remember of Monica Dirac, who I think was one of the people...?

She was a graduate student there, and who, she then married Bob Parker, and, and
went to Scripps. She was, she was working... Teddy was her supervisor actually, and
Jack Miller. She was working on, on trying to match the ages of the rocks on either
side of the South Atlantic, which didn’t work very well. And I knew her father
slightly through her.

And, the reason I ask about her is that, there was a punt I think...

Yes, yes, yes yes, we bought a punt, right. I think it was Bob and I bought the punt,
and we did it up, right. And, then, then I went to the States so I never actually got to
use it. And it was moored just along by Jesus Lock.

Mm.

And, I think that winter it broke loose and went over the weir and bust up, so that was
the end of that.
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[End of Track 6]
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[Track 7]

I was interested to know when you think that you first saw the, the pattern of magnetic
stripes published by Mason and Raff in 1961, which is often referred to as a, an early
piece of evidence, visual evidence.

Yes. I, I don’t think I saw that until I became a graduate student. Then I certainly did
straight away. And it is com... It was completely mysterious. Because, the, the
picture that you’ve just shown me shows these linear black and white stripes off
California, Oregon, Washington, Canada, the western US, and, if you fly, if you
know, if you... if you fly an aeroplane over the continent and measure the magnetic
field, it looks not remotely like that. They’re not straight, linear features at all, it’s
just, you know, it looks like the geology, it’s a mess. And, there’s nothing on the sea
floor itself corresponding to those stripes, right. If you go and, if you take a ship out
there and, with an echo sounder, you, you just see essentially the sea floor. You don’t
see anything corresponding to the edges of the stripes. The other thing about them is
that the stripes are interrupted by big faults, which offset the stripes, and, Victor
Vacquier, who was at Scripps, took one of the Scripps ships out to look at one of these
offsets, which is just off the southern edge of this map, right, and he found that the
offset was more than 1,000 kilometres, and it just simply slid the magnetic pattern
along this. And this thing, this fault is east-west, and it ends at the continental margin
which it doesn’t interrupt. So how in the world do you have something which has an
offset in the oceans for 1,000 kilometres, and there’s no trace of it on the land? And
this was totally mysterious. We had no idea. It was clear... We didn’t have any idea
at the beginning of how the stripes were produced, and then, Drum and Fred had the
idea that they had. Which made sense but, I mean, our knowledge of the magnetic
reversal sequence, right, and its time history, was very poor at that stage, so it wasn’t
clear that, that they corresponded to anything that we knew about. And, so the whole
thing... And, these faults, a lot of these big faults have no earthquakes on them, they
just go off, in this area, off into the Pacific, for thousands and thousands and
thousands of kilometres, right, offsetting the magnetic anomalies. And you can
follow them, right, there’s a step in the sea floor, right, when you cross one of these
things.
[03:13]
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So they were totally mysterious, right. They didn’t really make any sense at all, in
terms of, of what we were, how we thought about things. And the fact that they ended
at the continental margin and did nothing made them even more obscure, because,
how can you stop, you know, how... [laughs] If I tear a piece of paper and slide the
two parts of it, you know, past, or, tear something and slide the two past a couple of
metres, you can’t just stop that, something’s got to happen at the end, right. And
nothing does seem to happen at the end, it just went straight into the continental
margin. So they were really mysterious.
[03:56]
And then, Fred and Tuzo Wilson and Harry Hess, and it was really Tuzo and Fred
who realised it, realised that in the middle of this pattern was one of these spreading
ridges, right. And, that had not been recognised until 1965. It had all been in the
literature for quite some number of years, and then Fred suddenly saw that there was a
symmetric pattern in this, this thing. And, it’s not that obvious, right, and certainly no
one had noticed, Fred and Drum hadn’t noticed, but once pointed out, then you
coloured it up and it’s then quite obvious. So that was a huge step forward, right, we
could actually see that, yes, they were indeed symmetric, they were doing what Harry
Hess had, had believed, that the sea floor was being formed along a thing and
spreading out sideways.

[04:52]
And what was your response to seeing the polar wander curves?

Well, they, they dated back nearly ten years before I had become a graduate student. I
could never make out what was, what to make of them. The difficulty... There were
lots of difficulties. One of them is that the whole business of measuring the magnetic
field, from looking at the magnetisation of rocks, has quite a lot of inherent errors in
it. So the whole enterprise is statistical. And, I have never had a great liking for
statistics. But in this case, you can do nothing about it, even now it still is that these
things are scattered. And they’re scattered because, the magnetisation is from the core
magnetic fieldm and the core magnetic field, you know, the compass needle in the UK
doesn’t point North. It points about eleven degrees off North. So, rocks that are now
being magnetised here will not be magnetised pointing North. So it’s absolutely
inherent in the method.
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 157
C1379/24 Track 7

[06:08]
The other problem was that, these things came from the continents, and, how... I
mean, if you look at the, the rocks in, the sediments in the oceans round the
continents, they’ve not been deformed, right, they’re just a flat line, come right up
against the continental margin. So the idea which, you know, the paleomagnetics
people started with, which was that these continents were rather like icebergs
ploughing through the ocean, that was clearly nonsense, right, because, you know,
there was no disturbance round them. So, how did the continents actually move,
right? If they did move, right? And maybe actually, the problem was with the
palaeomagnetic method, right, it wasn’t actually that, that the, the, you know, that we
were being misled. And there are still certain periods of, of Earth history, where the
palaeomagnetic stuff makes very little sense, even now, right. So we... You know,
particularly Ted Irving’s work on, on India, which I knew about, it wasn’t that I didn’t
know about these, things, I couldn’t make any sense of it, right. That... India and
Australia clearly showed these huge shifts, and they were of the same sort of nature
that, that one was expecting, but, we didn’t really have... I mean until we had plate
tectonics we didn’t really have any simple method of putting it all together, right, of
actually doing the, the rotations and, and seeing that the whole thing worked. And,
there’s a fundamental problem with palaeomagnetism which is that, it doesn’t tell you
the longitude, it only tells you the latitude, right. So, the longitudes are quite
arbitrary, and that also caused difficulty, because, it wasn’t easy to see how to put it
all together. So, it sort of, there was clearly something funny happening, it clearly
made some sense in some way or another, but it wasn’t at all obvious.
[08:22]
The other problem we had at that time was that, the, the, and this bothered me
particularly because of my interest in mantle convection, the, the whole way of
thinking about it was in terms of, of convective cells in the mantle. And that also
made no sense, because, if you put, as Harry Hess did, convective cells underneath
ridge axes, then, Africa is surrounded by ridges, and if all moved away, and they
spread symmetrically, all moved away from Africa, all the way round, how did the
convection cell in the Atlantic know how fast it should move compared with the one
in the Indian Ocean, to stay exactly beneath the ridge? That made no sense at all,
right? That, you know, fluid dynamics don’t work like that, right, you know. It’s
much more irregular, things don’t, there is no sort of action at a distance of that kind.
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So, that made no sense. Nothing made any sense, you know. And that was really
why... I mean, I took an interest in all this, very much, while I was writing, while I
was doing my PhD, but I couldn’t make any sense of anything, right. It was very
much, you know, people making these observations which didn’t fit together in any
sensible way.
[09:53]
The other problem, which I, I always tell the undergraduates and they find it
absolutely extraordinarily hard to believe, was that we did not know that earthquakes
were produced by movement on faults. Because there were some areas of the world,
like Italy, where there were lots of earthquakes and no faults which moved, right.
And this made no sense either, because, you know, if the earthquakes were in some
way connected to all this, then, why, you know, why were there areas where there
were no faults which moved, despite there being earthquakes? And were the
earthquakes caused by, you know, some sort of volcanic process, right, rather than
slip on faults?
[10:35]
So we were, you know, really muddled, right, and it’s impossible now to, to put
people back to the muddle that we were in, to explain to them why we couldn’t see
what is now so completely obvious that it’s taught in primary school. I mean one of
my interests now is to ask people where they first were taught about plate tectonics,
and it used to be that it was secondary school, and it’s now become primary school.
Because it’s such an easy bit of geology. And you can illustrate it just by moving
rigid things around on a plane and showing them, you know, push it this way, it whiz
all the way round, and, that’s what the plates are doing. So it’s much the easiest part
of geology to understand. Which is a real pleasure to me. I mean, there can’t be
many scientists who in their lifetime see what they’ve done, go from being, you know,
the hot research topic, right, to part of geography lessons in primary school, and it
gives me great pleasure, that. Though when it first happened, I was extremely
alarmed because, I thought, you know, how in the world am I going to earn a living,
you know, [laughs] if this just becomes, you know, if all that I know is, is obvious to
people whoa are taught at school, well what am I going to teach the undergraduates?
[laughing] And of course, as soon as it got properly understood, well, not as soon, I
should come back to that in a minute, but, once it was properly understood, and I
taught a course in plate tectonics to the undergraduates, they of course immediately
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understood everything, right, because it’s so obvious, once you think right. And I
thought, gosh, they’re so much cleverer than I was, right. Why can, why can they
understand all this and I couldn’t? And it took me quite some years before I realised
that, you know, the difficulties, to take all this muddle, right, and sort out, you know
what is, what is, is actually to be believed, and what is essentially bad data, and then
how do you actually, you know, what parts of what you believe then together make
sense? Because there are always quite a lot of things that you firmly believe, which
turn... and you thought they were to do with the thing, which turn out to have nothing
to do with it at all, right, and that’s only obvious in retrospect. And that is, is not easy
to do, and I gradually as I grew up realised that, I was quite good at that, and that that
was where, how I could earn a living, even if all these people were so much cleverer
than I was about learning things, which, it’s always been true, you know.

[13:19]
And, what did you know of, or, perhaps you even met some of the early geomagnetists
who had been working in Cambridge, people like Runcorn and...

Runcorn was a pain, he was a most objectionable man, right. And he went on and on
and on about convection in a way which I knew was not sensible. He didn’t talk
about palaeomagnetism. Ted Irving was, was I think by that time in Canada. I’d met
him I think once or twice, but, but I mean, didn’t know him well at all, and I think I
must have met him later than this. I met him I think more seriously once, I remember
going to Ottawa when he was there, but, but I was talking about plate tectonics, so, it
must have been quite a bit later on.

And Jan Hospers, were you...

Never knew him.

Was Runcorn...

Never read his, never read his [Hosper’s] thesis until Ted pressed me to do so a few
years ago.
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And, what about Professor Blackett’s group, including...?

Pat Blackett was a, was, was a friend of Teddy’s, because, he was actually Teddy’s
supervisor. So I knew him a little bit. I... I mean if he still had a group... But, I think
by the time I knew him he was retired actually. If he had a group at Imperial, I never
went there. I talked to him a little bit about what I was doing, once plate tectonics
really got going, and he, he then showed a, a very considerable interest in it. But, he
didn’t have any intellectual, I mean, influence on me. He was, really a bit too grand, I
mean, you know, he was, he had been President of the Royal Society, he had won the
Nobel Prize, he was a friend of Teddy’s, and he was quite a bit older than Teddy.
And, you know, he, he was one of the grand men in the subject who, who was, you
know, who understood what was happening of course, but who, who was no longer
personally involved, I mean, so, so, you know, like that really.

[15:31]
And at this, at this stage, you just mentioned it, what links did you have with Runcorn
in terms of, well, his visits to Madingley Rise or you meeting him?

I, I... He used to have a conference each spring in Newcastle, on various geophysical
topics, and I went to quite a number of those. But I can’t say I ever got on well with
him. I mean, he was, he was absolutely maddening. He, he gave the same lecture
time after time after time again. It was, he, he was extremely aggressive if you asked
him questions. He, what he said was quite clearly wrong, right. So, I, I mean he was
sort of a bête noir if you like, I mean he, he was not somebody I had... I, I mean, you
know, I, I tried to avoid him frankly. I, I didn’t get anything, either from him or from
reading his papers frankly. He was one of the people who, who I could never
understand, I still can’t understand why he was, was taken as seriously as he was. He
was extremely tiresome in my view.

How was he viewed by other people at Madingley Rise at this time, in the early
Sixties?

[pause] I think probably much the same way. Ask Fred that question, right. I, I, I
mean, I, I suspect Fred’s... Fred, Fred is likely to be much more diplomatic than I am,
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right, but, but I suspect that, that Fed had the same view. Fred was, was very focused
on the observational side, right, and, therefore would... Whereas I, I mean what, what
interested me was, in trying to construct, if you like a, an understanding of all the
things that were involved in this, rather than just one, one bit of it. And particularly in
connecting it to the convection, right, which...

And did you have any sense of relations between Teddy and Runcorn?

[laughs] Teddy didn’t get on with Runcorn, no. No. Teddy, Teddy thought he was a
bore, right. And he was also extremely rude, always. And he was... He was a really
obnoxious man.

In what way rude? There’s lots of different ways of being...

Oh just plain, plain bloody rude, you know. Just in conversation. ‘Oh that’s rubbish!
Oh! Go away.’ You know, that sort of thing. You know, just absolutely, [laughs] a
dreadful man. I thought he got his just desserts. Because you know what happened to
him?

No.

Oh. He, he got killed by a male prostitute in San Diego, in a hotel room.

Was that, was that a surprising end, knowing what you knew of him?

I thought, I thought he was gay, yeah. But, but... But I didn’t think he went in for
that, right. I mean... Oh, pretty, pretty low I thought, you know. [laughs]

What, what made you think that he was gay before, you know, in that story?

[pause] I don’t know. No, he never approached me, I mean, but, various people did.
I was, at that age, attractive to gays, and I wasn’t at all interested in it myself. And he,
he never, he never approached me. And I don’t know why I thought he was gay, but I
did, right.
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[19:05]
I was interested when you mentioned about the continental samples of rocks which
were being examined for their magnetic remanence. Again it was India was
mentioned, and I wondered whether there was any logic, sort of historical logic,
which accounts for where samples were taken in, rock samples were taken for that
work, and then where oceanic evidence was collected later on. Because I know we
had the, the Indian crews. I wondered whether... I mean, obviously, there could be
an intellectual logic, you know, your sampling particular areas, but I wondered
whether there was a kind of, a historical reason for particular institutions having
particular sites as the places where they’re...

Yes, there is. Let me deal with palaeomagnetism first.

Yes.

[19:58]
The problem with palaeomagnetism at the beginning was finding what rocks were
suitable, because, it was not clear what, you know, what rocks... The problem is that,
the magnetisation may or may not be stable, right, and if it’s not stable, then it
acquires the present magnetic field of the earth, and that’s clearly no use to you at all.
So Ted particularly, Ted’s background was geology, he did a very careful study of a
whole lot of rocks in the UK to find out what rocks actually retained their magnetic
field. And it turns out that the ones you want are red sandstones, not, you know, not...
fine-grained red sandstones, and they’re very good, because the, the redness is, is
from an iron oxide, which is formed very close to, particularly with fine-grained ones,
is formed very close to the time that they are deposited, and they work fine. And, a
lot of the early studies were done simply on the rocks which were available in the UK,
because there are quite a lot of red sandstones through the, the history of the earth.
So, we did that. And, Keith did a study with, with Neil Opdyke of, of the ones in the
Grand Canyon. You tend to go where the geology is reasonably well known, so that
the age of the rocks are known, and where you can get at them, right. India, Ted’s
Indian samples, came about through Blackett, who was going out there as, as a grand
man to visit India, and, either Ted said or he said, ‘Is there anything I can do?’ And,
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and Ted said, ‘Yes, can you come back with a suite of samples from India?’ Because,
you know, he just wanted to get reasonable coverage.
[21:54]
And then, the Australian ones came about because he went to Australia after, after he
had been refused his PhD here. Jaeger at ANU hired him to set up a palaeomagnetics
lab there, which he did, and measured the Australian rocks. So that’s relatively easy.
[22:14]
This stuff, that, that magnetic stripes map you showed me, that came about through
Scripps, because, the US Navy wanted to carry out a survey of the, the bathymetry of
the shape of the sea floor, right up and down the west coast. And the purpose of this
really was to stop Russian submarines hiding on top of sea mounts and letting off
their rockets from there. Because this is the danger, that, you can quite easily detect
submarines if they’re sailing a long way above the sea floor, right, by their magnetic
field. If the sea floor comes up and you’ve got a range of volcanic mountains with
just the top cut off, then, the submarines can wander round on that, and you can’t
detect them because the magnetic field of the, of the sea mount is so large. So what
the US Navy wanted was a, a really accurate map of the sea floor up and down the
west coast. And, Roger Revelle said, you know, ‘How about just towing a
magnetometer while you do this?’ And they said, ‘Fine.’ So, Art Raff and Ron
Mason put their magnetometer on board of this thing, and it took two or three years to
do the survey. And, that was why we did it... Oh there was a ridge. Because, the, the
topography was classified, it was secret, but the magnetic field wasn’t.
[23:54]
So, you know, doing a survey like that is exceedingly expensive, you know, if you
think about, you know, ship time, well think about doing it now, that would take
perhaps five years, $100,000 a day.

Mm.

You know. By scientific standards of, of expense, you know, that’s... Only
astronomy and high energy physics come anywhere near the cost of oceanography.

And so this explains the sort of, well, north, north-eastern Pacific...

© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 164
C1379/24 Track 7

Yup.

...field site.

That’s one of the very few areas, even now, that’s been properly mapped. They
mapped the North Atlantic. But by that time they were really interested in the
magnetic field, so they classified the lot. Because of the submarines.

[24:46]
And, what about particular field sites visited by British scientists from Madingley
Rise?

We just had line profiles. We couldn’t... No, no academic outfit could afford to do
anything like that. The other one which was done which, which is, is very well
known, was a map of the, the stripes just south of Iceland, and that was done with an
aeroplane belonging to the US Navy, that was a, an navy proposition. And, and that
was, also involved Lamont.
[25:23]
But no, you... we just didn’t have the resources to do this sort of thing. And the, the
lines that we ran in the North Atlantic, over, probably, when did the... The
magnetometer must have come in, the proton procession magnetometer must have
come in in the mid-Fifties, and Carol and I did this about 1970. And we had I
suppose, thirty or forty lines. But they, they were all really, none of them were
specially done for that purpose. They were just, you know, traversing out to the MidAtlantic Ridge or something.

Mm. And what about places where Maurice Hill was going for...?

That was where Maurice...

Ah.

How... I don’t remember, I don’t think I ever knew, how Drum came to get hold of
HMS Owen for a month or two in the Indian Ocean. Fred may know, Fred, in fact I’m
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sure Fred will, will know. But, I mean it, it’s all sort of, you know, very tied in with
particularly the navies of the world, the navies of the US and the UK really. And, and
Russia actually.

[26:45]
OK. [pause] Yes, would you tell me now about the, the conference, the NASA
conference in New York, which, October 1966.

Yup.

Because, in an article which, you’ve written about this period, you say that you
returned from that conference ‘...completely convinced I should work on sea floor
spreading.’ Now given what you’ve told me about how you felt about the various
kinds of evidence before that, in terms of it being a, a muddle and very unclear, I
wonder whether you could explain the effect of that conference on this.

Well there were two things that I had not seen before at that conference. One was that
Fred had collected all things like that map you just showed me, and coloured it in, to
show the symmetry, he’d done that for this, he’d done it for the North Atlantic, and he
had also got some profiles from Lamont across the South Pacific, which went out, as I
remember, to eighty million years, right. And you could see the whole of these
magnetic reversaks and they matched beautifully. You had... It was little, it’s a little
bit complicated in that, you need a computer program to actually calculate what they
should look like at different latitudes, because of this problem of measuring the total
magnetic field, rather than the, the anomaly. So, you have to be a little bit careful
about how you do it, but once you did it properly, there were the anomalies exactly as
they should be from the computer program. So quite clearly, the whole of the sea
floor was covered with these stripes, and we could date it.
[28:32]
The other thing at that conference was something completely different, which was
concerned with earthquakes. And, Lynn Sykes showed, and, and this, this was
something which came originally from something Tuzo Wilson wrote, which is to do
with these big faults which offset the magnetic anomalies. And Tuzo said that if you
have an offset on a ridge axis, right, and let’s say that offset means that as you go up
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the ridge you go, the ridge is on the right, and then it’s offset and it goes to the left.
So, the fault you would expect therefore would be what’s called left lateral, it would
be sliding things from the right to the left. But if that fault is actually there because
new plate is being made, then the plate on top is sliding to the right, relative to the
plate on the bottom, and so the motion on that fault should be quite the opposite. It
should be taking stuff from the right to the left like that. So it’s a yes/no answer,
right. If there’s new plate being produced, on the ridge axis, the motion of the
earthquakes, which you see in the earthquakes on these faults, should be one way, and
if it’s offset of a ridge axis, by... and the ridge axis is a passive feature, it should be
the other way. It was the way for new plate being produced, everywhere that it then
looked.
[30:13]
And you could then understand exactly what was going on, because, the, you know,
the earthquakes came down the ridge axis, went along the fault and then went off
down this ridge axis, and the plates on either side were then, not being deformed,
right, and only, all the deformation was concentrated on the ridge and on the little bit
of, on the bit of the fault which offset the active part of the ridge. And the whole
thing then made sense, right.
[30:38]
So that was the beginning, right, and, you know, that was clearly only beginning, it
didn’t solve quite a lot of the other problems that we had, and particularly this
business about the ridges round Africa. And there were a whole lot of other things.
But obviously, we were on the right track, right. And a whole lot of things which had
not made sense before, suddenly did, right. And that was, probably, what,
September/October 1966, I forget, right. But you probably know.

October 1966, the conference...

[31:12]
October is it?

The ridge isn’t...
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And I had actually submitted my PhD before that, but hadn’t been examined, right,
the examiners had not read the, my PhD. And I came back from that, that conference,
and thought, right, if it’s as simple as that, I can calculate what the thermal structure is
of a ridge, and hence the heat flow and the topography. And in the, the two or three
weeks before I was examined, I did all that, right, and that was my, that... [laughs] I
changed direction just like that, you know. And that is still the standard model for
looking at the thermal structure of ridges, you know.

[31:53]
And when you say you did that, in that time, again, so that we can imagine you doing
it, practically what did doing that involve?

Oh, sitting down and, and doing the analysis at a desk. And it’s all analytic, so, and it
takes... I mean somebody with a decent background in, in mathematical physics can
do that in an afternoon, right. Then, you know, there’s a question of tying it in with
the geophysical observations, and, it took me a certain length of time to do that, but, I
mean I, I did that when I went to Caltech after Christmas. But, I mean, getting the,
getting it understood and getting the theory done, was very quick, right. And, it was,
you know, a completely obvious thing to do. I did it, and Jason Morgan actually, I
later discovered, did exactly the same thing at almost the same time. I mean, the
science had reached such a point that, you know, a whole load of things, to somebody
with our backgrounds, was obvious, right.

[32:55]
And just before we go on to the PhD examination and then Caltech, you mentioned
ridges around Africa, which wasn’t a site that was previously mentioned as a site
from which geophysical data had come from. So I wondered what was the source of
that.

Oh just the, the... The ridges are, are obvious in the bathymetry of the oceans, you
can see them, right, and it was quite clear they were all, all the way round Africa.
They’re also associated with earthquakes.

And so that data had been collected...
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Oh that, that would probably even have, by that stage, been in the Times Atlas, you
know, it was, [laughs] that was nothing which, which... Probably not the earthquakes
but the, the sea floor bathymetry. I mean...

[33:39]
You also mentioned Lamont studies of the South Pacific.

Yah. Maurice Ewing sent his ships all round the world, all over the places where no
one had been, just to collect data, see what was going on.

Who was that name?

Maurice, Maurice Ewing, he was the head of Lamont.

And is there a particular reason why Lamont should have been able to do that,
whereas, other people might be restricted to their coastline?

To some degree. The, the, the US Navy gave both Scripps and Lamont a, a very large
block grant each year, to do what their leaders thought they should do. And it also
paid for the ships. Scripps was, and still is, disorganised. It runs on the same
principle as, as, I mean, old German universities. There’s the head of Scripps, and
then there are, I think ninety professors, with no internal structure to the place,
originally, right, all of whom get their money from the, the head, who spends a lot of
time talking to these people, you know, and being subject to politics and all the rest of
it. And they won’t work with each other, they were all individuals.
[35:04]
Lamont was run in a completely different way. Maurice Ewing got the money.
Nobody did anything in the whole place, even to the extent of a graduate student
submitting an abstract to a conference, without it first going to Maurice Ewing to see
whether he approved. And I was staggered when I went there, you know, and I, I was
only there for three months, and I was going to the AGU, and, you know, I wanted to
give a talk, so I submitted an abstract. ‘No, you do not. It goes to Maurice Ewing
first.’ Even as a visitor. I was staggered by the amount of control. And he decided
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he was going to map the oceans, and he was going to collect all this. And he broke
up... I mean, you know, what happened at Scripps was, the person who ran the cruise,
all the data collected on that cruise belonged to him. At Lamont, you ran the cruise;
none of the data belonged to you, it belonged to Lamont. And the magnetics went to
the magnetic group, the gravity went to the gravity group, and so on. So that, people
like Jim Heirtzler and, all the other magnetics, Walter Pitman, they had access to a
global set of magnetics data, which nobody at Scripps did, even though the Scripps
ships had been all over the place. But the individual data was still in the hands of the
individual people who had run the cruises, and they had, in general, only reduced the
data which they were interested in, and all the rest was just raw. And as I explained to
you, you can’t really look at the... It’s quite a lot of work to turn the data that you
collect into something you can actually use. And that was done systematically at
Lamont. All the data was reduced, and all put into a usable form.

[36:52]
Was that then shared internationally?

No. No. No, no. I... That was done later by NSF rules on grants. How it operated,
then and certainly for the next five years, was that, you did a certain amount of
bargaining. You had data of your own; you could swap that with somebody who had
data of their own from some part of the Indian Ocean, and so on, and gradually you
could build up enough, and I will tell you about this, I did this with John Sclater later
on. And it was quite difficult and time-consuming, it still is. I mean, you know, there
are some organisations, like NSF, and like the British Government, which insist that
this data is, is made available, and actually, I don’t know, I think the British do also,
but certainly the Americans make it extremely easy to get hold of that data. I can get
it off the Web now with no trouble at all.

[37:55]
What were the arrangements at this time at Madingley Rise for, for data that was
collected by scientists there?

Well it belonged to the Sea Group, but, I mean, the underway data, we didn’t really
have enough to compete with Lamont you see, because we didn’t have... And much
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of it was in the North Atlantic, which is rather hard to interpret. We didn’t run these
long deep sea cruises like Lamont did. So, really, at the beginning we were very
much dependent, in terms of testing things, on what they had at Lamont. And that’s
why all the early papers on, particularly on the magnetic anomalies and, and
reconstructions in the oceans, came out of Lamont. And Xavier Le Pichon was, was
at Lamont at this time.

[38:53]
The data that Vine and, and Drummond Matthews were collecting, did they, how was
that shared, or held onto?

[phone ringing]

It was not shared for a long time. It was still, still belonged to, to Madingley at the
time I worked with Carol in the early Seventies. After we had finished, we then made
it generally available, right? It was not nearly so easy in those days to, to exchange
data. The, the, the standard way of doing it, because it was and still is really quite
difficult to read tapes, we used to exchange data on cards, we just had trays and trays
and trays of cards with, with the data punched out on the cards, you know, and, and
we must have had, oh, 50,000 cards in trays with data on or something like that. And
they’re very heavy, right, and we had great big cabinets, steel cabinets full of these
steel drawers containing the cards. And to copy it, took days and days and days on a
thing which would copy one card at a time. And then you had to move it around, and,
and it was sufficiently heavy that, that you had problems with the aeroplanes, because
the aeroplanes still had, you know, twenty kilogram limits. So it was really quite a
major undertaking to share data, compared with what we do now, I don’t even think
about it now.

[40:25]
Thank you. OK. Would you be able to tell me about your PhD examination?

Yes. Yes. There’s not much to say about that. It was, Dai Davies and, and David
Tozer were my examiners, and, they were quite interested in what I had done, and, I...
you know, and said, ‘Yeah, fine, have a PhD,’ basically. They didn’t have any
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difficult questions to ask or anything. I mean I don’t remember it taking more than an
hour or two. And it was no great deal. I mean what’s probably of more interest was
that, all my Cambridge colleagues were really surprised that I took a PhD at all,
because, they said, ‘You’ve got a college fellowship, why do you need a PhD?’ And
most people, even at that date, if they’d got a college fellowship, never bothered to
write up. So it was not, you know, it was not considered a big deal, you know, it’s an
American imposition, yeah, you had to go through with it, but no one took it terribly
seriously.

Why did you write up?

Oh I wanted... I was going to spend quite a lot of time in the States and I wanted to be
a postdoc. I didn’t want all the, the trouble of explaining why I hadn’t got a PhD.
[laughs] But, I’ve always regarded it as a union card, right. As quite a good union
card, but, it’s no more than that. And, the really important thing is to publish it, which
I did over the next year, year and a half. And I say that to all my students too, I say,
you know, by all means, you know, take your PhD, but what really matters is to
publish it.
[41:57]
Mm. OK. And then I, I think that the next step in your career is six months spent at
Caltech Seismological Laboratory?

Yes. Yes. I went there at Christmas in 1966, and I stayed until about June.

Could you start by describing Caltech’s Seismological Laboratory as a physical
place?

As a physical place. Yes. [laughs] It’s very like Madingley. It was, three miles from
the main campus, in the San Rafael Hills, which are granite, and it was in, in the
granite hills because of the seismometers. You can’t run seismometers in the, in LA
basin itself, because the of the great thickness of sediment, you don’t get decent
records. And, this is a nice piece of granite, and it’s the nearest solid granite there is
to the Caltech campus. It was housed in a very large house which was built by the
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chewing gum, the Wrigley’s chewing gum millionaire. And, it was built like a French
chateau, and it had this lovely garden and a tennis court. And the seminar room was
specially good, because, it had... All the ceiling was painted with naked children,
right. You know, because it was, you know, a sort of copy of Rubens or whatever.
And it was really spectacular. [laughs] And it, it had, like, just like Madingley, it had
about six or seven people on the staff, and, about twenty graduate students. And we
all had coffee together, and, you know, it was, it was very much like home to home.
And I got to know all these seismologists very well. And the thing to me which was
really, which I really learnt from that place, was that... At Madingley, essentially no
one at the time I was there as a graduate student worked on, on earthquakes. And of
course, the seismo lab, being in California, having all these earthquakes, everybody
worked there on natural sources. Madingley, you know, if you wanted to, to look at
seismic waves, you let off an explosion, you didn’t use the earthquake [inaud]. So...
And, I had, I knew very little about earthquake seismology when I went there, so what
I did was to take the, the courses and, and I actually, essentially became a, a Caltech
graduate student, and, one of the things you did then was to spend two weeks
interpreting every wiggle on every seismograph that they were running. And that was
extraordinarily illuminating. I learnt an enormous amount from doing that.
[44:53]
Could you describe the, the interior set-up of the measuring equipment?

Never saw it. You weren’t allowed in. It was in tunnels in the granite underneath the
place, and, the, the... you could even see when somebody drove their car into the car
park, right, that was enough. So, nobody was let near that, right. The equipment...
Nowadays, you can see somebody’s footfalls a mile away, right, with these things.
So, they have to be put in very very quiet sites. And these were quite deep
underground, and I never went round there, right.
[45:39]
But measuring, looking at earthquakes, you know, you, you, you really worry about
noise, and noise, right, there were... Oh. A story about this. They... At the time I
was there, they were building the, the Millikan Library on the main campus at
Caltech, which was three mile away. And this library was constructed to be
earthquake resistant. And one of the things that, that one worries about when you’re
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building buildings to be earthquake resistant, is that, if they get shaken at the bottom,
they’re attached at the bottom, and of course not at the top. So the building wobbles,
right, you know, like a ruler if you shake it at the bottom. And this is, it’s that
wobbling which largely destroys the building. So, the engineers have various
methods of seeing, first of all, you know, at what frequencies will they wobble, and
then, if you give them a poke, right, how quickly does that wobbling die away, right,
which is called the damping. And they do this by putting electric motors in the
building with a, a weight which is offset, so that when the motor goes round, it
produces a force which goes backwards. Well, well they were doing this to the
Millikan Library, and we picked up at the seismo lab these sinusoidal signals on the,
the seismometers. And we couldn’t think what this was. And then somebody,
somehow the penny dropped. It was the Millikan Library being shaken three miles
away, right? And so, once... you know, it’s easy to find out, you just stop, stop them
doing it for a bit, start it up again, it was obvious that that’s what it was. And they
were staggered because, they thought that they were, that, that the, the shaking that
they were putting on it was only just enough for them to actually be able to measure it
in the library itself. And here were we three miles away, right, complaining that it, it
dominated the seismographs. So what Jim Brune did, who was one of the people
there, was to go all over the Los Angeles basin measuring this signal, which, because
it was sinusoidal, you could tell, to tell how long it took for the waves to travel there,
and how much of the energy was lost on the way as it went through, and map the
whole structure of the basin from this library. Which I thought was a lovely use of
this, right.

Sort of a useful source of...

Yes. Yes, absolutely.

...of recognisable...

It was so large by our standards. Yes.

[48:18]
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And, did you have any sense of the role that the laboratory had played if any in
listening out for nuclear weapons testing?

Well it was doing that while I was there, yeah. I mean, before I say that. One of the
interesting things about that, and this was 1960... I was there 1967, was that they had
no involvement and no interest in plate tectonics, right, which staggered me, given the
role that, that earthquake seismology played in the whole thing. And I was really
amazed by that, you know. They were just completely out of it. They had missed out
completely on that. And, you know, I gave a course of lectures there, and that was the
first course of lectures that they, they had on this stuff. And the graduate students
were fascinated. It was remarkable.

Is...

[49:11]
The... All the... I mean most of the people there had security clearance, and would
put out seismometers when, when they were letting off shots in, in the Nevada test
site. And, that was one of the big enterprises of the thing. And, mostly they were
just, you know, recording the travel times and looking at the wave forms and stuff like
that. It wasn’t very interesting.
[49:38]
I mean the other thing that they had in a very big way was that they were one of the
tsunami warning sites, and there was a green telephone, right, by the... the
seismometer playout is on these drums, and I’m sure you’ve seen these things
rotating.

Mm.

And it was by the drum, right, and its telephone number was only known to the
tsunami early wanting service, and if it rang, anyone in the building had to answer it,
right, and, and do as you were told by the, the other end, which was to essentially read
the thing and say when the, what the arrival time is. The thing which nowadays
seems rather strange is that the... Nothing was... There was no reliable way of
transmitting any of the data off site, and so, you know, you could bring it up from the
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cellars, right, but you couldn’t move that lab to the main site. There was no digital
technology, right, it was all analogue, and the, the telephone wires just were not good
enough to send the stuff from... It’s only three miles, right, and, you know, that, that,
particularly nowadays, very surprising.

The... What was three miles away that they might have wanted to send?

Oh that’s where, the major, the main campus.

Ah.

You see, why was, why keep the seismo lab out there in the hills? It isn’t now, it’s on
the main campus.

I see, yes. So, anyone wanting to send out information would need to read the output
of the seismographs and telephone...

Exactly.

...an explanation, description.

Well say what the arrival time was. That was all they did in those days, was just find
out where the earthquakes were. And it was known that the tsunami-generating
earthquakes were on these, these, the island arcs round the Pacific.

[51:33]
And why had you gone there for six months as opposed to anywhere else that you
might have...?

Because Don Anderson offered me a research fellowship at Caltech. And, you know,
I, I thought Caltech was a good place, you know, there were interesting people there.
I thought I... And, and I stayed there for six months. Then I went back to Scripps for
six months, and that where I wrote the first paper on plate tectonics, with Bob Parker.
And then... I must... And I stayed there, probably for five months rather than six.
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And then I went to Lamont. And then I went to Princeton. And then I came back
here for six months, to my fellowship at King’s. Then I went back to Caltech, and
then to Scripps, and then I came back here. You know, I was totally wandering, right,
for, for, then quite a long period. And, that’s really when I became extremely well
known, I mean I was only just out of graduate school, and I went from being, you
know, just another graduate student to somebody who everybody invited to major
international conferences to give, you know, things.

Was that a result of the, the first very well known paper on plate tectonics?

Partly. It was partly that, all kinds of things then... I mean once, [laughs] once the
problems which I was talking to you about earlier, the solutions to those became clear,
a whole lot of other things became clear. So that, an enormous chunk of the Earth
sciences suddenly made sense and fell into place. And, I thought that this was really
the opportunity of my lifetime, was to take these things and go everywhere that this
stuff led. And I, I did work on, on... John Sclater and I sorted out the whole of the
evolution of the Indian Ocean; I had a go at continental tectonics from the Azores to
eastern Iran, and got that right, and that was published in, first in 1970 and then in
1972. I did a whole lot of theory on the driving mechanism of the plates and the force
balances. I even worked with Nick Jardine on the distribution of animals and plants
and how they were reflected, how they... I mean I, I would do anything which, you
know, in every direction where, you know, I had an insight from understanding this,
and, and, you know, worked very hard, had essentially no social life at all, and very
few friends, because I mean I had friends from, from the people I was working with,
but, but you know, I was just never, never there. And, and when I was there, I was,
you know, twelve hours a day on the computer getting things to work, which, it was
much harder to get things to work then than it is now. But, you know, I, I had always
wanted to do scientific research, and, given this sort of opportunity and, both, you
know, institutional and I had support, I wasn’t, I had had no teaching position, I was
still a research fellow at King’s. They didn’t support me very much because I wasn’t
here very much, but, you know, I had something, I had something here I could come
back to if things went wrong, which meant I could pick up... If anyone just had sort
of, you know, a couple of months postdoc left at the end of a grant, fine, I’ll come for
a couple of months. And I’d stay for six, you know, because I live cheaply and, and,
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and wanted to do it. So, I mean, you know, I just simply, I, I, absolutely unconcerned
with any of the things that bother people now about, you know, a career structure and
thinking where I was going. I didn’t care a damn. I thought I was employable, right.
[laughs] I just wanted, you know, I had been given this opportunity, I was going to
take it with both hands, and, and, you know, if I had to live off my savings, right, fine.
I spent almost no money because, I was so busy, I didn’t... You know, I...

[55:57]
Were you... how, how uncommon was it to have a British scientist at this time sort of
wandering these American universities, doing as you’ve said, picking up on grants,
living cheaply? It sounds al... it sounds almost a kind of a, yes, kind of, almost a kind
of scientific gypsy sort of, travel...

Yes. Yes, yes exactly how to describe it. Yes. Yes. I mean, a gypsy in one sense. I
mean, in the other sense I was, was absolutely part of the establishment, right. I was
only gypsy in my, living and moving habits, but not in my relationship to, you know,
people who were doing things on the subject. I was extremely well known, and very
highly thought of, right. I had no friends who did this. I think probably because,
most of them were married. You see I wasn’t married, so, there was absolutely
nothing to hold me.

[57:01]
Had you met your wife to be by this time?

[laughs] Yes. I had met her when I had just finished my PhD. She came up to
Cambridge as an undergraduate in 1966, October ’66, and, the, the... John Broadbent,
who was, he was the senior tutor of King’s actually at that time, he, and this was the
Sixties, and he thought it would be interesting to get a lot of people together from all
kinds of different bits of Cambridge, you know, first year undergraduates, graduate
students, fellows, all the rest of it, to talk about what the influences of their school life
have had on their life at Cambridge, which is one of the things that’s sort of interested
you. And, so he invited something like thirty or forty people to his rooms in King’s,
and the sets in King’s are quite big. They weren’t big enough to, to have chairs for all
those people, and this is the Sixties, so we all sat on the floor. And, you know, the
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British can’t sit on the floor for hours and hours, right, it, it’s, it’s uncomfortable.
And it turned out that what he really wanted to do was to get people to talk about their
sex lives, right. He wasn’t interested in anything else at all. And, so, he had a shot,
and I don’t remember what he actually said, or what anyone else said. But then he
said, ‘Look, you’ve all been sitting on the floor for,’ an hour or two hours or
whatever. ‘Why don’t we get up and stretch?’ [laughs] So, we all got up and
stretched. And two people headed for the door at once. [laughs] I was one, and
Indira was the other. [laughing] So I said to her, ‘Come and have some coffee.’ So, I
took her back to my room. And, she has very vivid memory of that, that event,
because, I, I... I’d finished my PhD and had it bound, but I thought, hm, maybe I can
make some money on this, because, various people wanted a copy. So I bound ten
copies, and I ran them off on one of those cyclostyle things, you know, where, you
have a, a skin of, of wax, and you put it over a drum. Do you know these things?

Mm.

Right. And, so you have to decide, for Xerox were then prohibitively expensive, so
you had to decide from the first how many copies you were going to make. And
they’re very cheap to make, but you can’t go back, because you throw away the skin,
right. And so I thought, well, why don’t I make ten copies? So there were ten copies
of my thesis sitting on the end of my, my desk, bound, right. And Indira said she was
deeply impressed by this. [laughs]
[01:00:06]
So I took her out a few times. And then I went off to Caltech, you see, after... I
mean, she was first year undergraduate, and, and I thought she was very pretty, and
liked her very much. And then... In those days, nobody ever came back from the
States, right, so, I completely lost touch with her, right. And, met her again. And she
had quite a lively time as an undergraduate, because there were so few girls here, and
she, she was, was pretty and went to all kinds of parties and everything. And then, I
met her again I think in 1969. Actually somebody had invited her... She was then at,
at Homerton, training to do a teacher’s training course. Somebody had invited her in.
And, after that, you know, that was quite different, because we both reckoned it was
unfinished business. And the poor person who had invited her in, [laughs] he didn’t
get a look in. Oh. So that’s how I met her. That was, yeah, a long time back. But, I
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had no contact with her at all in the intervening time, so that was, three or four... that
would have been, undergraduate which was three years, so, that’s right, she would
have, it would have been in, in 1960... probably 1969, in the autumn of 1969, I met
her again.

[01:01:32]
And, could you say a little bit about your living and moving habits in this period,
when, as you say, your status was very high as, as a scientist and interacting with
these various American institutions, but on the other hand, you were living cheaply in
order to draw out your...

Well, when I was in, in Cambridge, because I was a Fellow of King’s, I, I could have
a, a set in King’s. And, and, as I remember... Yes, they, they let me have that even
when I wasn’t there. They didn’t pay me but they let me keep the set. When I was in
the States, I sometimes lived in, in, or would rent a room in, in, a little flat in, in some
condominium, or I would stay with graduate students, or, whatever. I, I mean I don’t
remember much.

Did you have a... How did you move around these various places?

Oh I had a car. Well no, I’d go there and buy a car. The cost, was not expensive,
weren’t then. I mean the first car I bought in the States, no, not the first one, the
second one I bought, when I went to Caltech, I bought it for $200, I drove it 70,000
miles, and I sold it for $200, right. [laughs] And it had an enormous engine, seven
litres, right. You know, it was, a real tank. But it did absolutely fine, because, I mean
when they’re that big, you know, they just, turn over so slowly, they just last forever.

[01:03:06]
And you said a little bit about differences between Scripps and Lamont. You were in
a sort of unique position to compare what was seen as the really key American
institutions in the story, Scripps Institution of Oceanography, Lamont Geological
Observatory, I think it later became Lamont-Doherty Earth...

Oh, they’re always changing its name.
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And, and Princeton University.

Yes.

So, I suppose one question is, what is the difference between the scientific culture in
geophysics of Britain and America at this time; and another question is, what is the
difference between those three, the kind of scientific cultures of those three places in
America?

Those, those three are individually at least as different from each other as, as
Madingley was from any of them. I told you a bit about how Scripps ran. And the
people there really did fight each other, I mean they really never cooperated on
anything. Lamont, they had to, because, Maurice controlled, Maurice Ewing
controlled the money, and he told them what to do, and if you quarrelled with Maurice
Ewing you got the sack. Simple as that. You did as you were told, or else, out.
Which was a style of running things I had never come across before, I mean, you
know. And, and, it was extremely successful at organising and collecting and, and
dealing with the data. It was hopeless when it came to the sort of intellectual activity
that I was interested in. Because Maurice Ewing never believed, right, that the
continents were mobile, and so he wouldn’t let anyone really think about that, you
know. You tried to do it and he... He really kept total control on that place up until
the time I was there. And I think the year after I first went there, he got a sack, they
turned him out. And they turned out... There’s only one director of Lamont who has
left of their own free will. All the rest have been thrown out. You know, it’s, it’s, it’s
not a very happy place.

So you went in October ’67; by then he had...

No, he was there.

He was there.

He was there, yes.
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But not for...

Yes, I think it was next year, I think it was the following year he got, got the push and
went back to Texas. And then, was it Manik Talwani who took over him? He got the
sack. Barry Raleigh of his own free accord. Who was the guy who went off to be
head of the Survey? But he got... That was because he got the sack. Mike Purdy now
runs it, who’s a, a graduate of Madingley. He’s been extraordinarily successful,
everybody loves him, and hopes he’s going to last forever, you know. Completely
different, and, it’s the difference in the style between, [laughs] how Maurice Ewing
ran the place and how Teddy ran Madingley, and, and, you know, Mike Purdy runs
that place like Teddy ran Madingley, it was a much better way of running these
places.

[01:06:15]
And Princeton University, what about that...?

Oh Princeton, oh... Princeton... Oh. They were so ivory tower, it was hopeless.
They did very little observational work. They were a really, you know, Ivy League,
ivy tower American university, of the most precious variety. I couldn’t stand the
place. I lived in New York and commuted out to Princeton. And never wanted to go
back there as a faculty member, right. No, I didn’t like the town or the university or
anything. It was, it’s very very enclosed, very claustrophobic. They think it’s like
Cambridge. It isn’t in the least. This is a huge, you know, energetic, undergraduate
university, right, with a whole lot of these funny things like where I work stuck on the
edge, right. But Princeton really, you know, terribly precious. Not for me.

Precious meaning, in this context...

Oh, you know, you have to be very, intellectually proper, to be there. Very surprised
that, that Harry came out of that place. Harry Hess. Not like him at all. And it’s very
good, if that’s what, that’s the sort of thing you like to do. And, you know, they,
they’ve had a number of really brilliant scientists there, particularly seismologists.
But it’s not for me, at all, you know. They’re... I like to be involved in the
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observations, I like to do field work. I like to do the theory, I don’t mind if I get
things wrong provided I’m not stupid, right, that’s what I dread, right.

Mm.

And its, its whole environment is not like that.

What is it you dread?

Being stupid. Don’t mind being wrong. I mind, if I’m wrong, that I should have
known I was wrong, right? You know. Is there something which I hadn’t actually
connected up which would have told me that what I was thinking about was, was up
the creek? And then I feel really bad, right. But, if you’re wrong, well, I’m in hell.
You know, you’re not... You’re never ever going to get everything right if you do the
sort of things I do. No hope, right. And what you hope is that you don’t make any
simple errors in coding and mathematics, and that you hadn’t done something which
is just plain stupid, right. [laughs] I have, but I’m certainly not going to tell you
about them. [laughs] Not very many but some of them. [laughs] That’s another bit
you won’t get me to say anything about. [laughs] If you find out, I will confirm that
that’s one of the things that, that I did which was entirely stupid, but I...

I don’t think I’m equipped to, to speculate...

I would be slightly surprised, because, well not the papers of mine which are at all
known, and I have, you know, never referred to them and keep quite quiet.

[end of session]

[End of Track 7]
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[Track 8]

Could I start by asking today, as I did last time, about one of your mother’s books, but
this time The Cheerful Day, published in 1960. And could I first ask what you
remember of your mother writing this book, preparing this book?

She wrote it, she had a, a desk which was on, on the first floor of this huge house in
Harley Street and which we lived on the first two floors, which was bitterly cold. And
she had this desk which she used for writing, and, in the winter, she had a, a.. She
made her own clothes with a sewing machine, and she made herself a, a really thick
dressing gown which came down right to the ground. And she put, she had between
her feet a heater from a greenhouse, so that the heater was inside this thing. And the
rest of the room was bitterly cold. And she kept warm this way. [laughing] Because
the, the, none of the windows fitted, and they were fourteen feet high and something
like three foot across, and there were, I remember, three windows in this room, right.
And, it was essentially the outside temperature, and it was bitterly cold much of the
time, right, particularly in the winter. And she, she, I mean, she wrote and rewrote
and, you know, the amount of, of effort which she put into getting the, the words
right, was really impressive.

How were you aware that she was putting a lot of effort into getting the words right?

Oh because, the, the time it took. I mean she, she didn’t produce much, right. And
she talked about it too.

Do you remember what she was saying about The cheerful Day while she was writing
it?

No. No. No, she, she, she more talked about the, the mechanics of doing it, than,
than actually what she was doing, right. No I don’t remember at all conversations
about it. And, and my father was not terribly happy that, that she was becoming well
known as a, as an author, so, I mean, she, she, I mean she did it, I mean he was a busy
doctor so there were... but she had a lot of time during the day in which she... And,
and that was when she did it.
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 184
C1379/24 Track 8

Why was he not happy with her becoming...?

Oh he was jealous, right. And, and later on he was very jealous of me too, right.

Yes.

No, he was not an easy man, right.

The description of, of him in the Cheerful Day, of William, is of someone really quite
affable and absentminded rather than difficult. How would you account for the, the
difference in the way that he’s sort of characterised there and the way that you
describe him?

I... [laughs] I think she was putting a, a good construction on it frankly. I mean, if,
if, if I was writing about my life here, that I was nasty about Indira, that would not
really go down very well. [laughs] But I think it was more that than, than, than
anything else. No, he was a, he was a very very difficult man to live with, right.

How did he feel about being included in the, in the book?

I never talked to him about it. No, I mean that was not... You know, as I say, he was
not an easy man to, to... And, and... And, I don’t have very fond memories of him as
a result.

So whereas in the book we have him telling you stories, telling you jokes, taking you
out in the car and, and this sort of thing, how do you remember him at this time?

Oh, somebody you had to watch very very carefully what you said, because he would
go off the handle, right, at any moment on something which you never thought was,
was difficult. No, I mean... And, later on, I mean, you know, well, when, when
Indira got to know him, that was actually, I was fairly happy that she got to know him
before he, he went off to Spain and, and, and then, I mean, lived there for a bit and
then died, because, otherwise, you know, she would have thought that, that it was
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something, that I had a hang-up about him, and she disliked him just as much as I did,
so that was easy. [laughs]

And do you remember what he said... You say that he was jealous of your mother’s
success in the way that he was of yours. Do you remember what he said in terms of
the jealousy of your mother’s success?

No, it’s just his behaviour. It was more his behaviour than what he said, with both of
us, you know. It just came out all the time.

[04:48]
When did you The Cheerful Day?

I should think pretty much as soon as it was published, because, I mean it, if it was
published in 1960, that was when I came up to Cambridge, and I should think I read it
then. Don’t... I don’t remember precisely about that.

Mm. And do you remember your impressions on reading it, your feelings?

Yes, I, I... I rather liked it actually. I like... I liked it more than, than her, her first
book about the family, right.

Why?

[pause] I suppose it was... I mean, it much... It, it... It more... Was more how I... I
mean, you know, it’s, it’s, it’s when my brother and I were, were much older, and, I
was, I had become much more at ease with the world at Westminster, and that comes
through in the book I think. And, I mean, you know, the things she was talking about
were, I mean, most of them are not made up, right, and, and they’re things that I
remember too, and, and, you know, it’s, it’s a sort of backdrop in a way to, to what
she’s really writing about, which is, is, you know, living in London. But, I mean it
was, no, it was, you know... It’s also somewhat less embarrassing, right, the, the...
Children are always, I mean, when they’re, when... people talk about them when they
were little, that most people find that actually quite embarrassing. I know my son
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does, right. And, you know, so... Because, those are things that you grew out of, you
know, and, and, and that book is much more about me as I now am. I wouldn’t have
said I had changed an awful lot actually. I’m sure I have to people who, who are
looking at me from the outside, but in terms of my feelings about things, not... I
mean, you know, I, I... that’s, that’s much more how I am now than, than the first
book.

What do you see in it that’s, that is like you are now? So when you’re thinking of the
things that are the same?

Oh my interests, my attitudes, you know. You know, it, it just... You know, no, I... I
don’t have any sort of, if you like friction with it. I mean you know, it’s much more
like I am now, right.

One thing that I was curious about, because I, I had the impression from I think the
first session that you returned to the countryside really every weekend and holidays.
And yet in the, in the book your mother says, the children have almost forgotten their
country childhood and certainly have no wish to return. And it seemed from that
almost as if the country had been left behind literally, but, it didn’t seem to match
what...

It’s... Yes, I mean in some sense it had and, and in some sense it hadn’t. We, we...
We left the farm when I was seven, and then lived in a house which was just as, I
mean it was a, an eighteenth-century house in the middle of Wendover, which had
really, compared with the first one, nothing to do with the countryside. And then, my
mother built this house, right, which was a little bit outside Wendover, in quite a, a
rural setting, but it, the rural setting was, was a sort of, backdrop if you know what I
mean. The, the, the... Moat Farm, I mean, was a, an absolutely functional, you know,
what would now be called an industrial farm, I mean it, you know, that’s how the
farmer made his living. And, and we never had that sort of contact with, with the
countryside after we left Moat Farm. And, and, I think, that’s really what she’s
talking about, and that’s certainly my feeling. I mean we were, you know, we were,
like many people, lived in the city and that’s where our life was, but went into the
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country for weekends, but we weren’t... I mean you know, we knew what it was really
like to live in the country, and it isn’t like that. [laughs]

Thank you.

And there was a farm in the valley but, I, we knew the people who ran that farm only
very slightly, and it was one of these farms which was really a tax haven, you know, it
was, was, was, the family I think were, were stockbrokers and had this as, as a method
of avoiding Death Duty or whatever, or, you know, because they liked having a farm,
but it, it wasn’t at all the same feeling as, as, as Moat Farm.

[09;50]
Thank you. And, just as I did with the previous book, can I ask you about some
specific memories that your mother mentioned. But before we do, because you
mentioned it, you said that it was mostly not made up. I wondered whether you were
aware of things that you thought were definitely made up for, I don’t know...

No I can’t, I can’t, I can’t pin it down. I probably could if I re-read it.

Yes.

But I, I can’t produce that.

Yes, fine. Now, I’ll... these memories, I’ll go through chronologically, so, the earliest
ones, you’re about seven, and then by the end of the book you’re, sort of, it seemed as
if you could be about fifteen or, by the end of the book. Certainly thirteen, because
that was mentioned at one point.

Yes, at least actually.

Yes.

Because, I mean, you know, it probably took a year to get through the, the publishers,
so I would probably have been about seventeen by the time she stopped writing.
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[10:38]
Right. So, an early one. Going to what you called Rocket Square, which I think was,
Trafalgar Square?

No, Piccadilly Circus.

Piccadilly Circus. Yes.

Piccadilly Circus.

What do you remember of that, including...?

Oh the lights. Because, they had an advertisement, and I can’t remember what the
advertisement was for, I never can remember what advertisements are for, but some of
them really, you know, are, are brilliant. And this, this had a, a, a thing which, the
lights went sequentially up and then over the top, right. And, for, for children coming
from the countryside where, you know, everything went dark when the sun set, you
know, I have still vivid memories of, of being driven round to see the lights. And
especially at Christmas, right, when, you know, they lit up the whole of Regent Street
and Oxford Street. And, and we lived in Harley Street which is only just behind,
right, it’s just, just off Oxford Street.

Who was driving you around?

I think it would have... I mean, both my parents would come, but, probably my father
was driving, yeah. Well they both had a car, so, from really quite an early stage we
had two cars in London, and, so I’m not sure who that would be. But it’s most
probably my father.

Do you remember anything of family interaction in the car while driving around?

No.
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[12:03]
Do you remember an agreement, or what do you remember of an agreement that if
you heard, you were laying in bed and heard the Nine O’Clock News, you could, you
could come downstairs?

I’d forgotten that. Yes. Yes.

Now that I’ve reminded...

Sometimes, sometimes I didn’t sleep, right, and, and, we had this, this huge Bakelite
radio, which had to be turned on five minutes before the news to warm up all its
valves, right. And, and they would always listen to the news. And, and so, yup, I
remember that. The other thing that, that I remember is that, at night when it was
quiet, you could, if the wind was in the right direction, you could very often hear Big
Ben striking, you know, every quarter of an hour or whatever.

Were there particular reasons why you couldn’t sleep?

Not that I remember, no. No. Just sometimes didn’t.

[13:08]
You mention at one point your own diary. I wonder what you remember of keeping a
diary.

Nothing. [laughs] I don’t believe I did that for very long.

I think... In the... I think in the book you’ve made an entry in the memo section, a
reminder not to speak to John, in other words, your brother.

I see. I... [laughs]

What do you remember of...

My, my mother kept diaries but I never did.
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What do you remember of reporting to your mother on any holes in the ground you
had spotted, and what you had seen inside?

Nothing. No good.

[13:45]
Can you tell me about your interest in plants and the expression of that on your
bedroom windowsill, or a windowsill?

[pause] No go. Don’t remember that.

Cactuses, mustard seeds?

Oh, I, I, I... Not surprised I grew plants, no. I, I mean, the, the plants I remember are
the plants from, from the countryside, because, where, where we lived... Moat Farm,
I mean, that was in the Vale of Aylesbury, and that was rich farm land, so it had very
little special flowers. I remember a few. But once we moved into the chalk hills,
then, you know, the whole place was full of, of, you know, special flowers which
really only grow on the chalk, and that I found, you know, I loved those.

What did you do with those, or, in terms of those?

Oh, pick them or, or a very little bit of them, and identified them and, and, you know,
I just thought they were very beautiful. Yes.

[14:56]
Now, you had in your bedroom cupboard what you called, apparently, your natural
history museum. What can you tell me of that?

I don’t remember that either. I’m not doing too well on this. [laughs]

No...
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This is a sort of examination. [laughs]

Very interesting.

I don’t have... [laughing]

OK, I’ll, I’ll...

You’re too, you’re too far back in my... You know, it’s, it’s too early in, you know...
All of this must have been, you know, early on in my life in London, rather than the
part that I remember, right.

Which we’ll come to, so don’t worry.

Yes. Yes.

But, this included things that you may remember from even further back, I don’t know,
which is an interest in skeletons and skulls.

Yeah, no that I do remember. Yes.

Well this museum, according to, in your cupboard, according to your mother,
included skeletons and skulls.

Yes.

So what can you tell me of your interest in skeletons and skulls? Which I think went
back to the first house.

I was interested in, in, if you like, in comparative anatomy, as to, to how things, you
know, how... Skulls of different animals have, you know, a common theme, but
they’re all slightly different, you know, in how, how the, the geometry has been
adapted for the purpose, and, and I found that very interesting, right. Long before I
knew anything about, you know, Huxley and all the rest of it, right.
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What do you remember of burying a fox? [pause] And, and then, occasionally
digging it up to see if it was worthy of...

I don’t. No.

[16:43]
Now, I think you may remember roof riding, which was your, or your brother’s, term
for sticking your head through the roof of the car while it was going along.

Yes. Yes.

What do you remember of that activity, where and when and so on?

It was, the old car that, that... and it had a sliding roof. And, you could stand up and,
and, you know, it was... It’s rather like being on a motorcycle, right. And that, that I,
I very much enjoyed. You’d never be allowed to do it now. [laughs] No seat belts,
no nothing. And it would, if there had been an accident, you’d just have been, sliced
off really. But, but, people were not really very conscious of, of how dangerous cars
were in those days. And it didn’t go very fast then, I mean, and it was a very old, very
heavy car. It was an old Morris from, pre-war Morris, you know, with running-boards
and things like that. And it couldn’t go up hills. And that, we must have got rid of
that when we, when we went to London, I think. I don’t remember. Don’t remember
anything about cars really.

[17:56]
I was... Given that you, later in your career, go to America a lot, I was interested in
what you remember of your mother’s American friends.

The one I... Well she had, [laughs] what Indira calls groupies, right, which was
various, very nice but, sort of, middle aged American women who would come and,
and want to meet the great authoress, and she found these, these people somewhat of
a, a trial, and, I kept... I mean this was later on, I mean, you know, and I kept well
away from them. The one I do remember was Blanche Knopf, right, who came to
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visit her, and, and she was a very very thin, old woman, who... My mother said she,
all her bones were held together with, with bits of metal, so she must have suffered
from osteoporosis. And she was a very fierce woman, who sat in this chair and, and
you know, was, was extremely dominant. I remember her very vividly, and being
quite terrified of her. [laughs] I should think I was ten or twelve when I met her.

Do you remember any male American friends?

[pause] I wouldn’t have said either of those groups were friends.

Ah.

No, I mean...

Visitors.

Blanche Knopf was her American publisher you see, right. And the other ones were,
were groupies. Oh, yes, she, she had, she had some, some American male friends,
most of whom were homosexual, right, and, and she did not realise, and really should
have done, that gays are really, you know, it’s not safe to leave young children with
gays, right. I mean that’s not one of the things that one should do. I, I... Various... I
mean, you know, now, one of the, the people I knew very well in the States who was
head of the department at Stanford, and he was gay, and, he, he went off with one of
the children of his, one of his graduate students, and the American police went after
him. And, he was just terrified of going to jail, and so he committed suicide. But it
was not easy because he didn’t have a car, right, and, you can’t just go out and buy
guns and stuff when the police are watching you, so he, he cycled down a hill into a
tree, and broke his neck, which seemed to me was a very... You know, the chances of
actually achieving your aim didn’t seem to me very strong. But I mean, you know,
gays are, are really very omnivorous quite often, and, I don’t think that either my
mother or my American friends actually who knew him were really conscious of this.

What was the...
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They never approach me. Not that I... I mean I, I had trouble from gays, and I’m not
gay myself at all, right, and, but not, not so much at school, more, more at Cambridge.

What sort of trouble?

Oh, they tried to get off with me. And, I’m not of that inclination.

So there was no... So although your mother wasn’t aware of, of what you saw as a
potential danger...

Nor was I. [laughs] And she liked them, she got on very well with, with gays, and,
and I remember there was, there was one American man, right, who was, I mean she
had, saw a lot of, but, she had a couple, and, and, they were both gay, right. No, I
mean, this she was well aware of, and so were we. What she clearly wasn’t conscious
of was the risk that you run with them.

[22:22]
Thank you. The reason I asked about this is that you had written an essay where you
were talking about the, the mode of dress of English and American men.

Oh really?

And, describing the American men as wearing dashing clothes. So I imagine that,
possibly...

I don’t remember that at all.

I was wondering what your experience of America men was, and this is perhaps...

Yeah, that may be why I thought that, why I thought they... Because, certainly the
academics are just as slovenly in the States as they are here. [laughs] Not only... I
mean, it may be that... When, when we first got married, we went on a honeymoon
to, to Scripps, and, it was the first time Indira had been to the States, and she, her
notion of what people wore in the States was, you know, really from fashion
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magazines. And so she spent quite a lot of time, you know, making some really
stylish clothes, because she thought everybody in California wore that sort of clothes.
And when we had got there, the Californians were absolutely overwhelmed. They
thought this was absolutely stunning, [laughs] because they all go around in blue jeans
like everybody. [laughing] And she got, you know, they thought her clothes were
simply terrific.

Just, just for the future of this recording, when is your, when was your marriage, that
I can pick up on?

19... I got married in 1971.

[23:54]
Thank you. Two specific sort of, pastimes. Playing paper darts with pages from the
telephone directory, and playing practical jokes on your parents and setting bobbytraps. What do you remember of those sort of...?

I remember the darts; don’t remember the second. The, the... Yeah, I can still make
a, a dart which flies. The standard way of making them doesn’t work, right, and, and,
I worked, you know, the aerodynamics of darts is, is something which, you know, I
have experience of. I can still do that. The second I don’t remember at all. We didn’t
do much of that.

[24:37]
Can you tell me what you can remember in as much detail as you can about visits to
the proper Natural History Museum of London?

I always found that was a fascinating place to go to. I mean, you know... And, later
on, when I got interested in chemistry actually, the Geological Museum. I was
interested... All these minerals I thought were, you know, the, the variety still
astonishes me, the variety of minerals that exist, right, and of the, you know, how
these elements can combine to, to make... That was much more, that was an interest
after I got interested in chemistry at school, rather than... But, I mean, didn’t, didn’t
go to either very often, because, we were in the country every weekend. I mean, our,
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both Stewart and my friends were mostly from school, because, there were, essentially
no families in Harley Street. And, the house in the country was, quite remote from the
village, right. And we didn’t know very many people around there either. So we had,
I mean both of us had a fairly lonely childhood I would say.

What do you remember of seeing particular exhibits in the Natural History Museum?

I remember the whale; it’s probably still there. And the dinosaurs. Not much else.

[26:18]
And, a Mr Smith, who showed you his butterfly collection, I wondered whether this
was a teacher or a family friend?

Don’t know. Don’t know. I used to collect butterflies.

Tell me about that.

Well I had a... I used to catch them with a net and, and set them and keep them in
boxes.

Where were you catching them?

Oh in the country. Yes.

This was when you went back to the...

Yes.

...the newly-built house.

Yes. Yes.

On the chalk.
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Yes. Yes.

And you had a, you were very concerned that Mr Smith set his butterflies in an oldfashioned way, and you had a new way of setting them. Do you remember?

No. There was a... The thing I do remember was that, there was a, a shop which was
just outside Charing Cross station, right, which was really ancient and antiquated,
which sold all the things that you needed to do this, you know, of nets and, and the,
the cork things for setting them. That I... And I remember being fascinated by this
place, because, it had, it was basically a naturalist’s shop, and it, it, it must have been
there since, mid-Victorian times I would guess. And the stock at, you know... I don’t
know whether they ever replaced anything. [laughs] Or ever sold anything, I don’t
know.

What else did it sell, apart the butterfly...?

Oh, you know, things for pressing flowers, nets for catching butterflies. It was just, it
was, was just a, a naturalist’s shop, right. And it went, I think with some
redevelopment as I remember.

Who did you go there with?

[27:58]
Oh myself. I mean... The... Even from, even at seven, we travelled back... We went
to a school in South Kensington, and we went there and back on the bus by ourselves,
right. I mean, the... My mother really did just simply say, ‘Off you go,’ you know.
And, I, I also remember when, I must have been about, eight or nine, and she thought
that it would be good for our language skills if we spent some time in France. And
she put me in aeroplane at, at Heathrow, flew to... which... I few to Paris, and then I
had to go from the airport at Paris and find the, the Gare de Lyon, right, on the
subway, and catch a train to the south of France, when I was eight or nine, and you
know, [laughs] it didn’t seem to bother her at all. I must say, I wouldn’t do that to a
child now.
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[29:07]
And practical art classes.

Hated them. Hated them.

Why?

I can’t draw.

What was your response to that, what was your strategy?

I don’t remember. I just disliked it very much. I always hated art. I’d forgotten all
about that. But, it was a long time ago. Because, I think I must have stopped art
classes before I, when I went to, to Westminster proper school, right. Certainly I
don’t remember them then. I remember hating them before.

[29:44]
Could you tell me about visits to the Science Museum, not the Natural History
Museum but the Science Museum, which I think came later.

I liked all the things that, the fact that you could, you could turn handles and get
things to do, and I was interested in the, in the engineering.

Do you remember any particular demonstrations?

No, I mean, look, this, this, this is... [laughs] I mean, you know, I, I don’t want to go
on too long over all this, because, you know... The... [pause] The reason why you’re
sitting here is because I, I have become a well-known scientist. I’ve spent quite a lot
of time doing all of this already, and, frankly I find this very boring, right, and, and I
want to get on to... You know, I don’t want to spend much more time recording
things and, and...

Sure.
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Right. So, I mean, I really want to get a move on, right.

OK.

I mean this, this is... I mean, you know, I, I don’t... this part... I don’t have a good
memory, right, as you’re finding, right, and, and, and... You know, if it’s in the
books, well it’s in the books, you know. I don’t remember, right.

[31:00]
Fine. Let’s, let’s go from where we were then in terms of your career last time.

Yes.

Which is, we had got to the American Geophysical Union conference in spring 1967.

Yes.

And I wonder whether you could tell me your experiences of that conference and the...

[pause] I think that must have been the first time I went to the... The American
Geophysical Union in those days had a meeting in the spring, in Washington. And, it
was, and still is, well, the, the place where, where, you know, a great deal of, of stuff
is presented, and, and, you know, where you meet everybody. And, now... It used to
be in the spring in Washington; now it’s in the autumn in San Francisco, and that, just
before Christmas, and that I still always go to. I think that must have been the first
one I ever went to. The, the problem with these big meetings, and even then it was
quite big, it would have probably 4,000 people, something like that, is that, they run
parallel sessions, and probably twenty or thirty parallel sessions. So you have to work
out quite carefully, you know, you have to do your homework, right, as to what to go
and listen to. And, the, the key event there was... I mean, this was the first meeting
after the whole of the sea floor spreading story broke. Everybody there was talking
about it, both, you know, round the place, and in the sessions. And what they were
doing in the sessions was that, that people had not really sort of... The, the things you
needed to do it properly had only just about been developed. So what everybody had
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done was to, everybody who, who was an oceanographer, had fished out their records
of magnetic fields, and they had found the magnetic anomalies which they could now
recognise. So there were endless talks, right, about this, saying, ‘Ooh, look I found
these things in my bit of the ocean.’ And, and it was really impressive, right, that this
was... I was really impressed by the fact that this was so completely everywhere,
right, and that no one had recognised it before actually, you know, the, the, the stuff
had been done the previous year. The... One of the very critical ones which was a
very full session I remember, which was chaired by somebody I knew from Scripps
called Bill Menard, who was a, an oceanographer who had worked in the Pacific, and,
there were a lot of talks then, and, I had read the abstracts, and one of them was by
somebody called Jason Morgan, who I had met I think, but probably only just to shake
his hand, and his abstract was of a paper he had published in the journal of this
society, which was all about reinterpreting a lot of data which Lamont had collected
in, in the Puerto Rico Trench, right, and I, I didn’t agree with what he said, and I was,
probably sitting next to a whole row of people from Lamont who were going to give
him a very hard time. They did not like their data being reinterpreted by somebody
who didn’t go to sea. [phone ringing]
[35:08]
So, at that point, I got... At the end of the previous talk I got up and went out. And,
what then happened was that he talked about something completely different. And
nobody understood, except Xavier Le Pichon, what he was talking about, which was
plate tectonics. So it made no impression at all. And he’s a rotten speaker, right, still.
He, he’s hesitant, he, you know, talks like this, into his... Not at all good at presenting
things. So, it, it made no impact at all on the, the, the meeting.
[35:46]
And I was completely unaware of, of what had happened. And, interestingly, Bill...
It made no impression on Bill at all, right. So, when I went back to, to, where was I, I
was at Scripps, 1967, yes, I was at Scripps, you know, it made no impact at all, right.
And, then during that summer, I had been, I had been really, putting together a paper
on what I talked about last time, which was what I did while I was waiting to be
examined for my PhD, and, put that together, and, and sent that off actually to the, the
Journal of Geophysical Research, the, the journal of the, of the society. And, had
been sitting reading, Harry Hess’s publications, because, he, I liked him very much
and, and was very impressed by what he had done, and, and I by that stage had, had
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learnt that, what you should do is, is not read the secondary literature, but go back to
the people who you think are good, and read their papers, which I did. And, I was
also, I also red Teddy’s paper from the fitting again, and, and that’s when I realised
that, that the right way to do all this was, was to think in terms of rigid plates. And,
the... Then everything made sense, right. And, and... The whole thing was as
obvious to me then as it is now to everybody who learns about it. You know, the, the
scales dropped from my eyes really. And, one of the things which was, was actually
very important was, was the thing that I had done, for me, was the thing that I had
done earlier, because, it meant that I had freed myself from the connection between
the plate boundaries and the circulation below, which is, which is such a critical issue.
And that, I was, I read Jason’s paper again recently and, and, I mean he clearly has
understood that but he didn’t make much of it, right, that was... You know, it’s still, I
mean, and it may have been politeness to Harry, it may have been the influence of
Harry, because, Harry Hess was at Princeton and so was Jason, but, it, the, the, the
clarity isn’t there in that paper. I mean there’s a lot of data, right, he had got hold of a
lot of stuff from Lamont, right, and put that in, but, that it’s purely a kinematic theory
in terms of relative motion of rigid caps, is, is there but in some sense it, it’s not, it’s
not clear, I thought. So, I did that, and sent it off. And we sent it to Nature. Bob
Parker was a co-author, because, he had written a mapping program which was
absolutely ideal for, for doing what we wanted to do. And we sent it off to Nature,
and I remember that, I met Felicia Huppert, who was the wife of one of my friends,
who, actually she just lives round the corner here now, and she met us on Saturday,
and the post office was closed, and so what we had done was, feed quarters into a, a
stamp machine until we got enough stamps, and covered the whole of the front of the
envelope with stamps pretty much. Sent it off to Nature. And that was the last I saw
of it. I did that shortly before, then I left and drove across the country to Lamont.
Never got the proofs, never got any referee’s comments. The editor, who was John
Maddox, who I talked to about it later on, he had no recollection, but, he must just
have simply said, ‘Publish it.’ And so they published it, and I never saw any proofs or
anything. And it came out on, I think the last day, or almost the last day, of 1967, so,
it’s got a 1967 date rather than a 1968 date, which is what every, all the other papers
on that, right. And I, I think, part of the reason why, [laughs] you know, I, it made an
impression on my career was, by chance it made it into ’67 not into ’68.
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Mm. As this is a...

[40:46]
Then there was a lot of trouble, right. When I got to Lamont I discovered, and this
would have been late November or early December, I discovered everybody was
working on plate tectonics. And all the things that, that I had done were, I was
completely unaware of the fact that everybody at Lamont was, was, was doing exactly
the same. And, the... What had... Oh, no no. A little bit... Go back a little bit. I did
all this in the summer, and talked to Bill Menard, who I knew quite well, and, you
know, dealt with all his objections. And he then got more and more and more
enthusiastic. And, JGR, the, the journal, sent Jason Morgan’s paper to Bill to referee.
And I’m pretty sure I saw it. And when Bill got it, he said to me, ‘You’d better get a
move on and publish what you’ve been talking about,’ right. And that was one of the
prods to get a move on, which I did.
[41:52]
And Jason’s paper, I mean, because Bill actually had understood a great deal, I
suspect he was a rather critical referee, right, and that probably delayed Jason’s paper,
right. That I don’t know about, I mean, because I... I didn’t... You know, I think Bill
gave it to me to read, but I don’t... I don’t remember myself writing a referee’s report
on it. But that one could find out from, from JGR, I don’t remember that. But, there’s
been a... I mean, and, Xavier particularly thinks I got to hear about what Jason had
talked about. I didn’t. But, I mean it’s quite strange, because, you know, if I hadn’t
have got up at the, the AGU in the spring, I would have heard it, and I’m quite sure
that I would have understood it like, like Xavier did. But because he was talking
about something else, I’d gone out, right, and as I say, it made no impression. He
talked about it at Woods Hole, and the people came back from Woods Hole... But,
they were somewhat confused, and by that stage I had put the story together anyway,
and, and so, what I did with them was to explain to them, you know, essentially, this
is how you look at it, not the way that they had understood.
[43:15]
So, you know, it will never... I think that particular problem will never go away,
right. And, I, you know, I don’t think that there’s any, I very much doubt I have
anything in my files. I’ve never been through them to see, but... And I, I got
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everything stolen actually from me when I went to New York, to work at Lamont, so
I, I suspect if I did ever have any pieces of paper, right, they will have gone.

Everything stolen from where?

Oh I left, I did something silly, I left it in the car overnight and somebody broke in,
broke the... It had, you know, it had these little windows which open at the front, you
know, and they just pushed that and, and opened the car up and took everything out.

Mm.

I lost all my clothes and everything.

Mm.

It was a nuisance. Lost all the, the workings of paper, which also annoyed me, I had
to redo it all, on all the, all the, the cards, you know, for the programs.

You would have thought they might have left those really.

Well, they were in a bag, and I think they, they just did it really quickly and went off
with it. I went round the various bins locally but there was, I couldn’t find anything.
I lived in Greenwich Village and, in those days it was pretty rough. I was just stupid.
California, you know, I... In England I would never have done that, it was just, you
know, California at that time was so safe, still is, amazing compared with, with living
in Cambridge.

[44:59]
Mm. Can I ask you about the... Is it OK if I take you back, as this is a key paper,
and...

Yes yes, absolutely. Absolutely.

And seen as the very first...
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No no no, absolutely. Absolutely. No, it was my early life I got fed up with. [laughs]

Yes. Quite right. No, well, it’s important to say, rather than just to feel it, feel it
quietly. OK. At this, at the conference, you said you were sitting next to people from
Lamont who were annoyed with Jason Morgan’s reinterpretation of data, and you
said because he himself hadn’t collected it.

Yes.

Could you say more about what they were, what they were saying about that?
Because that’s quite interesting to me as, in exploring the difference between a sort of
a, a data collecting sort of seagoing and so on.

Oh there’s a strong feeling among, particularly Lamont at that time, is that, you know,
they collected the data, they would interpret it. You didn’t question their
interpretation. And it’s particularly ironic in, in fact, because, they had all the data
which was needed by Jason and Fred Vine and everybody to work out the evolution of
the oceans, and had they done anything with it? No, nothing, right. They were, really
stuck in the mud, right, of, of, of interpretation techniques which had been developed
by them, and also here, and particularly seismic methods, and they just didn’t tell you
what was going on. And, and, so... But, but there’s a strong, still is, a strong feeling
with the people who put a very great deal of effort, I mean it takes years to, to get a
decent data set together. And if somebody just breezes in and does things with it, you
know, you feel pretty cheesed off, you know.

How was Jason able to breeze in and, and get it? How, how...

Well it was published.

Ah.

Right. I, I don’t think he did... I don’t think he worked with any unpublished data,
I’d be very surprised if he did, because the, the stuff he was working with were things
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like, you know, gravity profiles and, and, and the seismic structure. So, I don’t think
that would be difficult. And, and nowadays the, the funding agencies require you to
put the data after a couple of years onto some website and so you can just download
it. I on principle, if I work with somebody’s data like that, ask them whether they
want to be a co-author, right, and so I, I have a large number of co-authors who, who,
a major contribution was actually to, to get the observations in a form that I could do
something with them.

Mm.

And, I mean that, doing that has greatly helped me, right, because, I’m not seen as
somebody who makes a quick buck from, you know, going off with your data.

[48:00]
Who were the people at Lamont who were these people who were in the audience and
were the collectors of the data?

Oof! [pause] I... Here I’m guessing, that it would probably have been the marine
group. So, so, it... I, I don’t remember who was an author of that paper. That I could
easily find out. But probably John Ewing, Xavier Le Pichon. Who would have done
the seismics? John Ewing would have done the seismics. Gravity, Manik Talwani. I
don’t remember who was the author of the paper, but I could find that out.

So Xavier Le Pichon was sitting next to you in the session that you would report at?

Probably, yes. Yes.

Why does he, why does he think then that you had, given that he was there, and you
walked out, why did, why would he claim...

He may not have noticed. I, I... And, I mean, you know, as I say, I, I was guessing as
to who it was. But I remember them all sitting there in a row, all together, right, and
getting ready to, you know, and the knives are being sharpened, and I thought, oh this
is going to be a ball, I thought, right.
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Mm.

And, and... Yeah. [laughs] So. It was... And it was also a distaste for, for, for, you
know, seeing so many of them going for, for, for Jason, who was, you know, he was, I
imagine he was still a postdoc, you know.

[49:36]
And apart from being able to say, you didn’t collect that data yourself, what were they
going to...

Oh he had quite a different interpretation of, of the observations from them. And, he
was, he, his interpretation of the Puerto Rican Trench was that there was a, a big,
heavy cylinder in the mantle which was sinking, and that pulled the surface down
above it, right, and he had done all the sums on the flow and how this would deform
the surface and produce the gravity field. Which has an element of truth in it, but,
what he had missed in that was the, the fact that it’s completely asymmetric, the, the
heavy thing is coming in from the oceanic side and then sinking, right, and the Puerto
Rican island is, is just sitting on top of this thing.

And then, you said that there was a, a sort of rash of papers...

And the gravity actually is, is due to the bending; it isn’t due to the, the heaviness of
the, of the thing that’s sinking, you know?

But, but anyway, this isn’t what he talked about, as it turned out. Yes.

No, this isn’t what he talked about, no.

Yes.

No.

[50:43]
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And, you said that there was a rash of papers on magnetic anomalies...

Yes.

...from people saying that they found things in their bit of the ocean. Could you say
something about the, who had what bit, if you like, and then...

Oh, the... I mean first of all the, the science, that was... I mean, it’s what Drummond
Matthews always used to call ‘me too’ science, right, ‘I, look, I’ve got one too.’ The,
the deep sea cruises particularly of, of Scripps, Woods Hole, yeah, probably Rhode
Island, had been all over the place, right, and as a matter of routine you tow a
magnetometer. So, I mean, and that had been done really ever since proton
procession magnetometers came into, into being in the late Fifties. So, there were
thousands and thousands of miles of ship track, with magnetic recordings, which no
one had ever looked at properly. And so all I remember is just, you know, a mass of
papers, right, from, from the Atlantic and the Pacific and the Indian Ocean, showing
magnetic anomaly profiles, right. But with no proper interpretation, I mean, many of
them, as I remember, by that stage would have actually identified them as part of the,
the timescale. But, but that was it, they didn’t try and do anything with it, that I
remember. Well they couldn’t actually, because, until, until we had the apparatus of
plate tectonics. And the, the, the, the coding, the programming necessary to do a
proper interpretation of that is, is, is not trivial. And, and, it wasn’t then, because, you
see, you know, everything had to be done with cards, and debugging programs, right,
the time on machines, I mean, at Scripps, John Sclater and I did all the Indian Ocean
work on a machine which was actually, Bill Nierenberg had put computers on all the
ships, but there was one on, on shore, so that you could test programs before you went
to sea. And we could use that from, as I remember, from about midnight to eight in
the morning, right, which is how we did all our things, because we couldn’t afford to
buy time. Time on, on the big machine, was, was $300 an hour, and we had nothing
like that sort of money.
[53:21]
So, actually developing the programs, and then doing the thing properly, was a really
major undertaking in those days. Nowadays, you know, one’s completely spoilt now,
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I mean, you know, things that you have in, in, in a notebook machine, oh, a few
thousand times more powerful than the main machine at Scripps at that time.

[53:45]
I wondered what was the, what then was the importance of being at Scripps at the
time that you, of the origin of your idea of, for the plate tectonics paper. You said that
you were reading Harry Hess’s publications, and, you could have read those any, you
know, sitting anywhere; you reread the paper by Teddy Bullard and his team; your
work on the mantle before had contributed to it. But I wondered if there was anything
specifically at Scripps that meant that it was more likely that you were going to
generate this idea at this time. [pause] What was the role of Scripps, in short?

[pause] I don’t think much actually. The... These things get to a certain stage where,
you know, who actually has the idea, is a fairly random process. I mean, you, you’ve
got to be on top of the stuff, and I was a, you know, a young postdoc, so, I had no
duties. I was being supported by Scripps, they were paying me. It... I mean,
particularly Bill Menard, was a, a really knowledgeable marine geologist who had
worked on the Pacific for years and years. You know, there was a, a group of people
there who worried about, you know, the evolution of the oceans, so it was a good
place to be from the point of view of, you know, having people to talk to and, and
keeping your attention on, on the question. And it was clear that, that, you know, that
the whole thing was, I mean, you know, the existing understanding was clearly
correct, but incomplete, right. And that was quite obvious to everybody. And the, the
thing which is not obvious, when, when subjects reached that stage, is, what is going
to make sense and what is not going to make sense? And that’s very obvious in
retrospect, but it’s extraordinarily difficult to decide, right, at the time you’re doing it
as to what you actually should be worrying about, right. And it’s, I think, the hardest
part of all this, is, is, is to know what is going to fall, what of the things that you don’t
understand are going to make sense, and what are not? And, in retrospect, you know,
it’s completely obvious, right, but at the time it isn’t. And so I think really, you know,
it was, was a good place to be at that time, simply for, for the, if you like the
ambience, rather than any particular piece of information or any particular person.

[56:37]
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In terms of pieces of information, how did you go about getting the data or the
information on fault planes that you used to...

Oh that was, that was published in a, a, by Father Stauder who had a, a contract with
the Air Force, and it was, was, part of the grey literature really. He published it, he
published various papers but, he published these reports for the Air Force where he
put all the stuff in the papers together. And that I still have those, they’re not here,
they’re at Madingley.

So they were just open, published in an open...?

Oh yes, yes, yes yes. No, it was, you know, the... Particularly the US Air Force
supported a lot of research, which was just then published in, in the journals; it wasn’t
in any way classified.

Does that explain why at the bottom of the paper it says, ‘Research supported by US
Air Force Office of Scientific Research’, because of this data that had been used?

No. No no. They actually, they had a contract with Scripps, and that contract paid
me, right.

[57:47]
Ah. OK, thank you. Could you explain for the, for a sort of lay audience, what was
the significance of Bob Parker’s input in terms of the map projection and
computerisation?

[pause] I’ll have a shot. The whole idea was, of plate tectonics, is that the surface of
the Earth is covered by large caps which move rigidly. And, and it doesn’t matter,
you can choose whichever one you like as, as the place you’re going to essentially put
in your stake, and measure everything with respect to that particular plate. Now, there
is a mathematical theorem due to Euler in the eighteenth century which says that, if
you move something on the surface of a sphere, then, you can describe that motion by
rigid rotation about some axis which passes through the centre of the sphere. And,
everybody’s familiar with that in one sense in that every day the Earth rotates about
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an axis, and we all move rigidly, right, round the thing, and, and we, the axis of
rotation in that case is the North Pole. But, you know, all the Earth does it, so it’s not
a, not a relative motion between different plates, it’s a motion of all the plates. But
the motion between the different plates is exactly the same motion.
[59:20]
Now, if you think about it, when you have a, if you look at a Mercator projection,
which is the, the one that most maps are made in, if you think about what you’re
doing, what your motion is during the day, right, in that Mercator projection, you’re
moving, right, essentially, whichever way it is, we move eastwards, right. So, all
those lines of latitude on the Mercator projection are actually lines along which we
move, because the Earth is rotating. So, what we, what Bob and I wanted to do was to
use exactly that projection, right, the Mercator projection, but instead of using the
North Pole, use the axis about which the relative motion the plates were moving.
Because, if we chose that as an axis and made the Mercator projection with that axis,
then all the motion between the plates would be just like it is for the Earth. Where
it’s, for the, the ordinary Mercator projection, where you have the motion along the
lines of latitude, so it would be along the lines of latitude with respect to that pole of
the motion between the two plates. So they would all be parallel with each other and
parallel with the top and bottom of the, the piece of paper. And this is a very nice
way, a very simple way of illustrating the, the rigidity of the motion, because, if all
those, if all those little directions of motion are parallel with each other, then, you
know, you’re home. So that was what we did, we, we found by essentially using a,
we took a, a big National Geographic globe and put the direction of motions on it,
right, all round the Pacific, and then those, those globes come with a cap, and we just
fiddled with the cap until we could see where the pole was, and then we chose that
pole as the axis of the Mercator projection, and plotted it all out in a, in that projection
to illustrate that the motion was rigid.
[01:01:32]
It was, interestingly, Xavier did exactly the same, right, he, he also used the Mercator
projection and, and did exactly this. It’s not become popular, I mean, those two
papers really, I, I used it once afterwards, but, but really, it’s not a method of display
of data which has at all become popular. You can never quite tell what’s going to
take off and what isn’t. I mean certain things really have taken off, and have become
completely standard, and other ones, you know, no, you did your best, right, and it...
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Why, why do you think the Mercator projection hasn’t, in the way of...?

Of doing that? I’ve no idea. I’ve no idea. It, it just isn’t used for that purpose, after
the, the first few years of plate tectonics.

[01:02:20]
And how did you mark up the cap on the globe?

Well you took a, a felt tip pen and drew the, drew the directions of motion around the
Pacific. And then... The cap’s loose, you can just move it around, and, and it has
lines of latitude on it relative to its axis, and we just, you know, moved the globe
around, put this thing on, fiddled with it until we got a good fit. [laughs] Nothing
sophisticated at all. Freeman I remember said, ‘Why didn’t you do it properly, why
didn’t you do a least-squares fit?’ And we were in a bit of a hurry, [laughs] because
we, we knew that Jason was publishing too, and so there was a certain amount of
competition to, to get the thing out as soon as could.

Well, does that explain why you put quarters into the stamp machine in order to
ensure postage on that day? This sort of, keenness to...

Yeah, there were... Probably. I mean we certainly wanted, wanted to get a move on,
wanted to get it off, right, because, you know, we, we knew that, that everything was
moving along.

[01:03:24]
At one point in the article you wrote about your memories of this in the plate
tectonics, but, you mention a kind of, a hesitation about publishing.

Ah, that was later. That was when I got to Lamont, and discovered that Jason had
talked in the spring at this session of the AGU, and had also talked at Woods Hole,
none of... you know, and, he clearly had priority, right. But, but, when I, I mean... He
had priority but, but I had come to the thing independently, but quite a bit later. And,
then particularly Fred Vine thought that I should wait until Jason had published before
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dong that. And I sent a telegram actually to Nature saying, could they hold it, and
they said, no, the, the type’s already set and it’s going to go ahead.
[01:04:25]
I, I think actually, I mean if, if, if... Here am I as a, now rather elderly scientist; if, if
one of my postdocs came along and asked my advice, I would give them exactly the
same advice as, as Bill Menard gave me, which is to publish. I would make sure, and
I, I think, well no, I, I know that Bill... I mean, you know, Bill, Bill, because I talked
to him, I wasn’t secretive about it at all in the summer, so he knew that, that I had
come to this independently, right. And, and so, he didn’t have to reassure himself on
that. And he said publish, and I would say publish too, because, I mean I would say
that now to, to a young postdoc.

[01:05:11]
Mm. And what would you say about, I mean there’s various histories of, of
continental drift and plate tectonics and this sort of, the Jason Morgan, Dan
McKenzie thing is covered in all of those. And what would you say about the various
ways in which the story is told, in particular the sort of, the politics of the way the
story is told, given the fact that as you say, certain people involved at the time believe,
you know, think that Jason Morgan ought to have taken priority; other people such as
Bill Menard in Oceans of Truth clearly, you know, supported your version of events
and that kind of thing. I wonder what you would say about various sort of historical
accounts of this period and where they’ve come from and...

[pause] Well, let me break it up a little bit.

Mhm.

The, the first thing is, is, the, the issue of, of plate tectonics, and if you like continental
drift and Wegener. It’s a very different... Plate tectonics is a very different enterprise
from, from the notion that Wegener had, and also Holmes, in that, it’s extremely
precise, right, and, you know, you can do errors on the poles of rotation and find
exactly where they are, you can find out whether the plates are really moving rigidly.
We have a great deal of data. And it’s a very very rigid theory in the sense that, you
know, there’s no arm waving at all, and, and that actually at the beginning was a
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problem, because, I mean, you really have to put it onto the computer to do things
properly, you can’t, you can’t do it by hand at all. Now, the contribution Wegener
made was, I mean, Bill in one of his books says that he, in his view, Wegener put the
subject back by quite a lot, and I agree with that. The problem with Wegener was
that, he mixed data which was good, like the fit of the continental boundaries in the
Atlantic, with data which was absolutely hopeless, right. Greenland was supposed to
be moving at nine metres a year, simply due to errors in the geodetic measurement of
the distance between Greenland and, and Canada. So there was a dreadful mixture of
really bad science with really, you know, key observations. And, this was a feature
actually, I mean, of quite a lot of the work, I mean, of Du Toit who... You know, it’s,
it’s, they’re very odd books and papers to read, because, they are... You know, here
it’s, they’re rather like, you know, reading some, some religious text. You know, all
is revealed, and this explains everything. Well it doesn’t explain everything. And,
and you know, it’s, it was very, very difficult to disentangle, you know, what was
correct and what wasn’t, especially given that we didn’t have a decent theory. So,
that’s really what caused I think much of the trouble through the early part of the
twentieth century. And, I mean to some degree, Harry Hess’s paper, which really set
everything going, is, is part of that tradition. And it was what Drum and Fred did of
turning that into a explanation of the magnetic anomalies which was really the key
thing in terms of, of making it precise.
[01:09:06]
The question then about who did what, when, and who should get credit, the people
I’ve always been sorry for are the people at Lamont, because, they reduced all the data
in such a way as, that once the theory was there, right, you could test it, because of the
data. But Ewing was such a big boss, and he was so anti the whole business, right,
that it just didn’t get talked about in the way that it should have been, right, because of
Ewing. And so, they have, you know, I think, been very unfairly treated by the people
who give prizes and all the rest of it, and, you know, even to the extent that, that,
Bryan Isacks has never been elected to the National Academy, and that I think is a
disgrace. I mean it’s now too old to put these things right, but, they really should
have done. And, I, you know... And, and the international enterprises which have
given Jason and myself and Xavier prizes, have not done it to Lynn Sykes, and, and,
or jack Oliver, right, who were the, the seismologists at Lamont, and, and Walter
Pitman, right, Jim Heirtzler, these people have really never got the, the recognition
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that they should have for the enormous contribution they made from having got all
this data into a form where actually you could use it to test these ideas. And that, you
know, is, is to me so important. You’ve got to see whether things are right, and the
only way to see whether things are right is to, to actually, you know, get the real data
and reduce it properly without a whole lot of assumptions in it, and, and publish it.
And, I’ve always been sad that, that that’s been the case. I, I feel that they have not
had their just... In, in my particular case, I mean, I was incredibly lucky, right, that
Nature published it as fast as it did, and that by chance, right, on the times when I
could have realised what Jason was doing, I didn’t, right, because I wasn’t there.
[01:11:37]
Convincing people of that’s rather hard. Xavier in his thing in, in Naomi Oreskes’
book, says one thing which is that, there’s, there’s no internal evidence... I mean, the
way I set about, Bob and I set about it, and it was really me, is really quite different
from Jason. That is actually interesting. It’s a lot more apparent than real. Jason had
done, by the autumn of 1967, all the things that, that we had done on the earthquakes,
he just didn’t put it in the paper, right. He had also done exactly the same set of
analysis that I had done waiting for my PhD to be examined, and that he did a little bit
later than me, but he had used exactly the same model and got exactly the same
results. You know, it was... And I only discovered all that when I got to Princeton,
right, in 1968, and that was really fascinating, I mean, to me, because, you know, I
only discovered he had done this after I had got to Princeton, and it was just such an
exact parallel between how we’d been thinking for the previous year.

Mm. In some accounts the theory of plate tectonics is described as the MorganMcKenzie-Parker theory. How do you feel about that sort of designation?

Well that’s, I mean that’s from the authors of the paper, right. I mean, you know, that,
absolutely, you know, that’s how it should be, right.

[01:13:18]
Now when you went to Lamont at the end of October 1967...

Yes. I think it was probably November.
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OK.

Yes. I’m not sure about that.

You, you say that you found it competitive, uninterested in theoretical ideas, and
secretive. Could you say something more about, about the culture, in relation to the
three sorts of work going on there. There was, Le Pichon was working in one
particular area, Lynn Sykes...

No no, Le Pichon left almost, I mean within a week or two of my arriving. He went
back to France, right. But Lynn Sykes and Bryan Isacks and Jack Oliver were
working on earthquakes. And, I mean, at that time I didn’t know anything about
earthquakes, about fault plane solutions. So I got Peter Molnar, who was a graduate
student there at that time, to teach me how to do it, and I used Lynn Sykes’s program
to, to generate things that you needed to make fault plane solutions. So I learnt all
that when I was at Lamont.

And, but this attitude of competitive, secretive?

Yah. I mean the... There’s a very, and it’s still the case, there’s a very big difference
between different sorts of American institutions, according to whether the, the people
there actually have long-term financial support of the institution, right, so that they,
you know, they have a professorship of some sort, assistant, associate, or, full
professorship or whatever, or whether they are postdocs on grants. And, at that time
in the States you could and in the UK you couldn’t, apply for money to support
yourself. Now, Lamont had then probably 300 people, of whom only probably half a
dozen were professors at Columbia, and all the rest were supporting themselves by
writing grants to outfits like NSF and, and the Air Force, right, to do their own
research. And, so, essentially their whole livelihood was dependent on actually, you
know, doing research and publishing papers, and that’s still the case, and it leads to, it
produces a very different feel to the place, right. At Scripps, most people were, were
on the staff of the University of California at San Diego. It’s, we described it as soft
money positions. And people on soft money positions, you always have to watch out,
their morals are not what they ought to be, right, because, essentially their whole
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livelihood, and that of their families too, many of them are married and they’re living
in this hand-to-mouth way, and they rarely have more than a couple of months’
money in-hand, right, to support themselves. So, you know, they’re extremely
aggressive in going after ideas and stuff. And you’ve really got to watch out what you
say in places like that.

[01:16:26]
How was the secrecy sort of manifest in...?

Oh nobody talked about what they were doing. Quite simple, right. You know, they
would, you know, shut the door and, and work.

So, if you were, as I imagine you were, interested in what they were doing and,
seeking to sort of...

It was quite hard to find out. Quite hard to find out. They were very, you know... I
think at that time, it must have been just about then, that Peter Molnar and Bryan
Isacks were working on the, the earthquake mechanisms of earthquakes which occur
deep inside the Earth. I had no idea they were doing this. Until... You know, every
now and again somebody would give a seminar. I remember Lynn Sykes giving a
seminar which was then published as, as, Isacks, Oliver and Sykes, which is the big
review of the whole of the seismological stuff, and I remember him giving a seminar,
and, you know, and actually reading a preprint which they distributed at that time.
But... And only talked about it when, when they got to that stage.

[01:17:41]
What was the interest of the Air Force in supporting the sorts of work going on at
Lamont at this time?

The, the Air Force has always been, and this is a historical thing, and I’m not quite
sure why, it’s, it’s been concerned with what’s called seismic discrimination, of
deciding whether the things were earthquakes or bombs, right. And, the, the, the
global network of seismologists which was installed, which we used for, for looking
at earthquake mechanisms, was installed essentially with funding from the Air Force
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to develop the subject of seismology really. They had a classified network too, which
was secret, but there was this open network which was really designed to, to move the
subject of seismology along. Because, before that all the instruments were different,
and many of them, and this crucial for looking at the earthquake mechanisms, were
wired up the wrong way round. So what you thought was up was in fact down, right,
for the, the arriving wave. Now, to do a, find out the mechanism of earthquake, what
you use is whether the motion, first motion, is upwards or downwards, and if the
thing’s wired up the wrong way round, you’re in trouble.

So when was the Standard Network established?

The WWSN was put in in 1963. And you need, you know... So, by the time I was at
Lamont there was four years of data from that network, and, you know, you, you put
it in, but you’ve got to, you know, there aren’t that many earthquakes. And you could
only do this when the earthquakes are reasonably large, right, and so, you get a few
earthquakes a week, globally, for which you can do, you can work out their
mechanisms, using the technology then. I mean we can do a little bit better now, but
not much. And the, the key thing is that, if... what... the idea, one of the ideas that was
going the rounds as to how to decide whether something was an earthquake or a, a
bomb, was that, when you let off a bomb, the motion is outwards in all directions,
whereas if it’s an earthquake caused by slip on a fault, then, half the, half of the thing
moves away from you, and half of it moves towards you, so, you get this pattern of, if
everything moves away from the source, then the motion, the ground motion
everywhere on earth is upwards when it arrives. Whereas if it’s an earthquake, some
of it will go upwards and some of it will go downwards, and it should be just about
half and half. It’s not quite as simple as that, because, the fact the stations are not
uniformly distributed, there are no stations in the oceans. There are stations on
islands in the oceans, but they’re awful, the waves cause the island to, to wobble all
the time. It’s very difficult to see anything.

[01:20:53]
So, physically, the network, did it have a, a centre of calculation if you like, a sort of,
a place to which you could apply for data or...?
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Well no, what, what... The, the instruments recorded on, on film, right, and that was
sent to a centre, I think it was in Golden, Colorado, where these things were
photographed, and what you, what you got was a photograph of the seismogram,
right. And, Lamont catalogued these things, right, by day. They came catalogued by
station. So you would order, you know, December from let’s say College, Alaska,
right, and Lamont just ordered the whole, I mean, all of the stations, and then once
they came, they had a, a librarian type, who then rearranged these things and collected
them so that you had a day, right, rather than a month from the station. You had a day
with all the records for that day. And this made it very much easier, and you could
read these things, you had a, essentially a microfilm reader which projected these onto
a screen, and you could then see whether the motion was up or down, right. And
that’s, that was the physical business, that was how you read these things.

And when did you use these in terms of your work? I gather that you...

I learnt how to do this when I went to Lamont in the autumn of 1967. And I think I
probably spent, about a full year of my life, right, 365 days, looking at these things on
the screen and, and... And I did that, I started then and I kept going until, well until
James Jackson took over in, in about 1978. So I, I did it for about ten years, right.

[01:22:53]
And could you tell me about the reason for doing that in terms of your research over
that ten...?

Oh yah. I mean the, the... If we go back to, to Lamont, I was really struck by, you
know, first of all by the fact that, that everybody was doing this, and, I don’t really
like working in things which are as competitive as that. It was also clear from both
the magnetic work and from what Isacks, Oliver and Sykes had done on the, on the
seismology, that everything worked, right, and you know, there was no, no trouble
with the theory at all, it was just fine. So I then... I didn’t... I mean, in retrospect, I
hadn’t any real idea as to how scientific subjects developed, so I thought, right, that
bit’s done with; what next, right? And what next to me was, to understand how the
continents deformed. And it was clear there was, there were two reasons why I
thought there was something fishy going on, it wasn’t straightforward. The first was
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that, the earthquakes in the oceans lie along these extremely narrow bands which
define the plate boundaries, and in the continents, particularly in Eurasia, they’re
spread over a very wide region. I mean in, in north of India they’re spread over about
2,000 kilometres. And that was quite clearly not due to errors in the location, the
spread was far too big. There are errors in the location of earthquakes, even now we
can’t do better than about, ten or twenty kilometres, absolute, but you know, there’s a
great difference between ten or twenty kilometres and 2,000. And furthermore, you
know, once you’re on the continents, right, people, you know, there’s, there’s... you
don’t... you just need... You know, there’s more than just the instruments to tell you
where the earthquakes are. If you have a big earthquake and it destroys a city, right, if
that city is in China, it’s not in India, right. So, you know, there was really no doubt
at all about them being spread out over that, over a big distance.
[01:25:22]
The other thing which I, intellectually I was fascinated by, was, why had the whole
theory not been discovered by the geologists, right, who had worked on, you know, on
these problems, on these tectonic problems, right, for, whatever, 150 years, without
actually coming, in retrospect, anywhere near understanding the fundamental
simplicity of the whole thing? And, the obvious explanation of that was that the
continents were different, because, geologists worked on the continents. But, in
which case, you know, how, how should you think, you know, what, what... what was
it about the continents which was different, and why was it different? And so, I
started in 1967 to look at continental tectonics, which no one at Lamont was
interested in, they all said, ‘Oh, the continents are just a mess. It’s just like ice floes,
they’re just going all different directions, you won’t make any sense out of that.’
Which I didn’t believe. I thought that the methods were sufficiently powerful that we
could actually do it.
[01:26:36]
So I had made, in the autumn of 1967, a land grab, right. I, I reckoned I, I was... the...
You needed to work, from our experience in the oceans, on really quite a big chunk of
real estate, and you needed to look to see what was happening now using the
earthquakes. So I actually started to work then on the area from the Azores to western
Afghanistan, and I thought that was probably big enough, right, to, to actually see
what was going on. I should have gone a little bit further east, I should have gone... I
should have... Did I say... I meant western Afghanistan. And I should have gone to
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eastern Afghanistan rather, and I didn’t. That was, we soon put that right later on.
And, what I wanted to know was, you know, we knew more or less from the oceans
what was going on, which was that Africa and India and, and the Indian Ocean, were
all moving northwards relative to Asia, but the, the earthquakes are distributed over
quite wide regions, especially in places like Iran, and why, what was going on, what
was special? And, quite quickly... The, the earthquake mechanisms were quite clear,
you could see exactly what was going on, provided you stuck with the, the World
Wide Seismic Network, the modern network, rather than trying to go back into the,
the old records. And, the behaviour was really very surprising, and it’s still, I think,
quite surprising, which is that, particularly in the eastern Mediterranean, what’s going
on is that Turkey is moving very rapidly westwards, and the... and, and the Aegean is
moving south-westwards. And the Aegean is actually stretching, right, it’s actually
getting bigger, right. So, the, the mechanics, what was driving all this, was clearly,
you know, something other than being pushed. If you’re going to stretch, then it has
to be pulled, right. So it said a great deal about the mechanisms. But the reason why
the earthquakes were distributed over such a wide region was essentially, there are big
faults on both sides of Turkey, right, and these are what take up most of the motion.
[01:29:07]
So, that was really the beginnings of understanding continental tectonics, and, that we
still work on very much, because, what has recently become clear is that the, the
thickness of the continental plates, some parts of them, is, is, is twice that of the
oceans. And these parts are really difficult to deform, and a great deal of, of the sort
of, architecture of the continents is controlled by these regions which have very thick
plate. And that we’ve only been able to map within the last couple of years, so that’s
quite new. And it’s made sense of a lot of the, the observations as to, you know, why
for instance the interior of North America, the great plains, why that has never, I mean
that just doesn’t get deformed, and all the earthquakes lie along the west, and also
along the east to some degree, in the Appalachians where there’s been quite a lot of
deformation, in the past, it’s largely stopped now, right.

01:30:12]
Why have you only been able to map that in the last few years?

That’s...
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The thick plates, the...

Because, what... We used to do that. Now, I described how, you know, in the early
days of seismology, what we did was to work with films, right, and what a tedious
business it was to, to read these things, because it was all analogue. Now, we record
things digitally, and all that data now is put on a huge disc actually in Seattle. And
there are something like now 3,000 or 4.000 instruments recording digitally in real
time all the time, and all that data goes onto the, the, the server in Seattle, and Keith
Priestley with whom I work now has been using that data, and he’s used about a
100,000 seismograms from that data centre, which is about ten terabytes of data.
And, and we used not, not what I was describing before the first motions of things, but
actually surface waves that are waves which are like the waves on the sea, which are
trapped on the earth’s surface and travel. And the speed with which they travel is
sensitive, is governed by the, the velocity structure at depth, and we can now use that
to do tomography, just like the tomography you, you do in hospitals with X-rays but
we use these, these surface waves to do it, to map the velocity structure. And we can
go down about 300 or 400 kilometres with this and see that there are these thick high
velocity regions of the continents.
[01:32:05]
There was... it was clear that there were such variations in thickness, that’s been clear
for a long time. But, what you need to make maps of this is vast quantities of digital
data, and that’s really only become available with the great extent now of digital
seismograms, and particularly the World Wide Web, I mean so that we can actually
download this stuff. Because, you know, moving ten terabytes of data, even with
modern technology, is quite an undertaking, and storing it. I mean it’s, it’s a lot of
stuff.

[01:32:48]
Going back to then this, this period in Lamont when you started to look at the, the sort
of microfiche records from the...

Yes.
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Could you have done that if you had been in Madingley Rise, could you have ordered
up the microfiches in the same way?

[hesitates] Yes. But, it would... I mean, it... That would have been quite hard.
The... The cost of the microfiche was, for all these stations, was about $20,000 or
$30,000 a year. You needed, you know, quite, you need grants to pay for it; you also
needed somebody employed fairly continuously to, to sort these things by day rather
than by station. And, all of that really requires to have a, a community of
seismologists who work together, right, and who, who use this for various different
purposes. And, at the time that I was doing this in the States, there wasn’t really I
think anyone at Madingley who, who worked on, on earthquake seismology. There
was lots of people who, I mean there was a big group, marine group, who, who, Drum
Matthews, Maurice Hill, who used artificial source, they let off explosions, and had
instruments to, to actually listen to the explosions which they moored at sea or put on
the bottom or whatever. But, earthquakes was something different, and, at the time, at
that time, I was the only person who was interested in earthquake seismology at
Madingley, and I, I mean, certainly at the beginning of this period, I was just a
postdoc, so the thought of, of actually trying to organise something like that was, was
going to be pretty difficult. And, since I was a postdoc, I could just get into an
aeroplane and, and go to Lamont and, and the other places there were... Lamont had
these things... The Lamont method of, of cataloguing them was the best, but there
were also ones at MIT which were still catalogued by station, and that was a much
more tedious business, because, you know, you had to do it by station month, and so
you had to read all the earthquakes for one station, right, and then go on to the next
station and so on. Whereas you, if you were using the Lamont system, you could read
all the seismograms for a particular earthquake in one go. Caltech bought the chips.
They were called chips, these photographs. And, those were really the three centres
which bought all of the, the seismograms that were, were photographed. The
originals were very carefully looked after, and I suspect still are very carefully looked
after, because they’re not replaceable, and they’re I think at Golden, I think that was
part of the USGS I think did it. And now it’s NOAA.

[01:36:09]
Could you say, a chip then is one photograph?
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Is... Is... Is one... A photograph of one day’s record from a seismogram. From, from
a seismometer.

And so could they sort of use the lens to get a whole day within one shot?

Yes.

One photograph?

Yes. Yes. Yes.

What was the sort of shape of the chip then?

They were seventy millimetres across, and, and had an aspect ratio of about two, so
about 140 millimetres this way and seventy millimetres across.

And when were you using this, using these chips at Caltech and MIT?

Oh, after... I mean I came back to the UK in, in the autumn of 1968, and after, after
that I spent probably about half the year in the States and half the year here. And, by
that stage I’d got myself organised, so, I was, I... When I went to the States, I took
with me the, the plots I needed to, to look at the mechanisms of these earthquakes.
And, you know, I would just spend a week at MIT or whatever, reading the, the things
that had come in since I was last there, wherever I happened to be. I mean I just, just
did it when I, if I was at Lamont I’d do it at Lamont. I just went round, right. Rather
than trying to collect them myself, right. And, I mean, you know, since I was
backwards and forwards all the time, right, this, I, I just needed to be organised and I
could do it. And that was how I did all the work on continental tectonics really up
until the, the, the mid-Seventies.
[01:37:58]
On one or two... I mean, once I was on the staff here, then I had graduate students
and some of them used them, and then we used to buy the chips and, and digitise them
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here sometimes, because, sometimes we needed to look at the surface waves and
things of that kind. So, we would then do that here and digitise them, right.

Is that the change in the mid-Seventies, is that what changed? When you say you...

Well no, we, we... No, what changed in the mid, in, in the mid to late Seventies, was
that, James Jackson became my graduate student, and he was interested in continental
tectonics, and by... I’m getting a bit ahead of myself, but, by that time we, we were
working in Iran, and had been for quite some time. So he did a PhD on the Iranian
earthquakes, and then stayed on as postdoc, and, and then got a faculty position here.
And, I have a rule that whenever that happens, I try to completely give up that field of
research, because, otherwise the people concerned are just seen as, as my assistant,
and they have a rotten time of it. I mean that tends to happen anyway, even if I give it
up, but, if I give it up, at least it becomes clear after some time that I’m not involved,
right. And so I, I did try to do that. And he was the first person who, I mean, was,
was appointed to the faculty here who was my graduate, to formally be my graduate
student. And so he took over the whole of, essentially the continental tectonics
enterprise.
[01:39:43]
So, while you were definitely working on continental tectonics from the late Sixties,
could you explain how you were able to explore continental tectonics by looking at
chips, photographs of seismological records for a day, could you make the link for
people who, outside the field, to how you could explore continental tectonics by
looking at what would look to someone... Well, you can, you can tell me what actually
it looks like on the chip, but I am imagining a wiggly line.

Yup.

So, how do you, how can that be read, how can you read off continental tectonics
from a chip with a line on it?

Right. What, what we do still is, we look at earthquakes, and the earthquakes in
continents occur on faults, and the continental deformation occurs by the movement
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of earthquakes on faults. So, if you have a method of seeing how the faults move in
the continents, you can actually see what’s going on and work out how it happens,
how it happened. Nowadays we, we do it rather differently, because, now you can use
GPS to actually measure the velocity of, of continents in the interiors to an accuracy
of about a millimetre a year, but that’s quite new, and at the beginning all we could do
was see how, what was happening on the, the faults which were taking up the motion.
And, what we were interested in is, there are various sorts of faults which take up the
motion, some of them are like the San Andreas fault, which are vertical, and bits of
the continent are sliding past each other. There are other sorts of faults, like the ones
for instance in the Himalayas, where Tibet is overriding India. And that’s typical of
all of the continental, all of, parts of, of the continents, I mean of Asia and things.
That earthquake in, in Szechuan, that was one like the Himalayas with Tibet
overriding China.
[01:42:10]
So if you can actually see what the, the faults are doing, then you can work out how
the continents are actually deforming. And the way in which we do that is that, if you
have, let’s say you have an earthquake on the San Andreas, first of all, what you see
on the record, on the seismograms, is that, that there is, as you say, a big wiggle. So
first of all, where is that earthquake? And that’s the first thing you’ve got to decide.
And you find out that by measuring the time of arrival of these waves at stations all
over the world. And we know from, really, we’ve known for a long time, this was
worked out in the Thirties, 1930s, as to what the velocity structure inside the Earth is,
so we can tell how long it takes to go from one... how long the earthquake waves take
to go from one point to your station.
[01:43:17]
So what you then do is try out a whole series systematically, a whole series of places
where it could be, right, and you have a computer program, all of these things really
depend on computers, which essentially tries things out and sees whether it matches
the observations of the arrival times. And by doing that, you can find out where the
earthquake is, typically to within twenty kilometres. But that doesn’t tell you what
the motion on the fault was. What the motion on the, how you decide what the
motion on the fault is, is by looking to see whether, when the first waves arrive,
whether the motion at the seismometer was upwards or downwards. And then you
trace back the ray to where it left the, the earthquake, and that tells you whether that
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part of the, the rock round the fault, moved towards you or moved away from you.
And, you make a little, you have a, you draw a little sphere round the earthquake and
put these things on the sphere, and so you can see what actually happened at the
earthquake by tracing back. You need a lot of stations, you need, because, you’ve got
to cover the whole of this little sphere, and if you do that, you can see what the motion
actually was at the earthquake and decide whether it was like for instance the San
Andreas, whether it was sliding like this, or whether it was pushing. So you can then
decide in this way what the actual ground motion was which caused the earthquake,
and the earthquakes are the, are the deformation. And you need, to make any sense of
this, you need, oh, 100 or so earthquakes, and you can typically do a couple a day,
right. So, doing as many as we did for the, well I did for the, the, the region from the
Azores to western Afghanistan, I mean that takes quite a long time of sitting reading
these things, which is very boring. And you have to be very careful how you read
them. You know, you... Because all you’re doing is deciding whether it goes up or
whether it goes down, and sometimes that’s quite hard to see, because the motion is so
small.

[01:45:39
How do you trace the, I can’t remember the word you used. You, you...

The first motion?

Um...

No.

It arrives at the seismometer either up or down, and then you trace something back...

You trace back the ray.

Ray.

The ray.
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Could you...

It’s just the path that the, that the, the sound took, inside the Earth. It goes... Because
the velocity inside the Earth increases with depth, so, when, when, when you start off
from the earthquake, when you send out energy from, from the earthquake, it goes
down into the Earth, and then it bends and comes back and reaches the surface. And
what you need to know is what that path is so that you can see where that energy
came from, what direction it came from, right, when it was leaving the source.

And how many stations would you use for each earthquake?

As many as you can. There are... Typically, I mean, you would like about fifty, right,
but, you rarely got that many, right. And what you really need is, is global coverage,
because, you want to see what happened in all directions going out from the
earthquake, rather than just in one.

[01:47:00]
And what is the role of sort of geographical knowledge or even field work in the
places where the earthquake happened?

Not much. And, until the late Seventies, I, I.. the only place I had been to in the
whole of this thing was Iran. And, what we were trying to do in Iran was to see where
the faults were that were moving, which hadn’t produced earthquakes. Because, the
problem is that, the motions, I mean, motion on a typical fault is perhaps a centimetre
a year, and when you have a big earthquake, it may move perhaps five metres. So
you only get one every 500 years. So most of the faults which are active don’t have
earthquakes on them. And so you need to, what you would like to be able to do is to
recognise these in the field, and see, you know, because, you’ve got so few, right,
which you can actually look at from, from the point of view of them having
earthquakes. And, we spent quite a, a group of us spent quite a lot of time in Iran
trying to recognise these faults, and we were completely unsuccessful. What we
needed, which we didn’t know at the time, was high resolution satellite photographs,
and they weren’t available at that time. There were aerial photographs, but, but the
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military’s always terribly concerned about aerial photographs and we couldn’t get
access to them.

Did you try to?

Yes. Yes we did.

Who did you apply to, to...?

Oh to, to the Iranian survey. You had to... You know, they were taken by the
Iranians themselves. And this was during the time of the Shah, this was before the
revolution.

And do you remember the sort of, the nature of the response of the...?

Well they just said no.

And could you say how you went about trying to find faults? In other words,
describe... You could, perhaps you could tell me who you were with and, and this sort
of thing, but...

We went, we, we were with, most of the time, at the beginning, we worked with
Mansour Niazi at Mashhad, which is the, the religious centre in the north-east of Iran.
And there had been some very large earthquakes there in, in the late Sixties and early
Seventies, and we, we thought therefore this area clearly is active. And, I always like
to actually be involved in field work to see what’s going on. And, it was, it was quite
tough. The... It’s a pretty rough part of the world. The temperature in the winter
goes down to about minus forty centigrade, and in the summer it goes up to about
fifty. So there’s short window in the spring in which you can work, and, we’d go in
there, there was a group of us from Cambridge, myself, Roger Bilham, Geoff King.
We’d go in there while it was typically still snowing, right, but spring was coming,
and stay for, for perhaps three or four weeks, and by the time we left it had gone up to
about thirty or forty. And the problem was really with the thaw and the mud, right. A
lot of the area there is salt flats, and these are impossible once, if there’s, if the water
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comes down and, and there’s, there’s mud. And, I just had no idea as to how hard it
was going to be just simply to go around and look, right, the... You know, you need
four-wheel drive things, you spent most of the time in with, you know, the, the low
ratios four-wheel drive, because the roads were dreadful. And you just couldn’t see
anything. There was a lot of dust. They have what the Americans call dust devils,
which are columns of dust, they look rather like tornadoes, and, typically across these,
these playa lakes, you would have a few hundred of these things just marching across,
right, and the visibility was awful, right. And it’s all desert, right. And, it’s... the
scale of the place is enormous, the distances are huge. And none of the roads were
sealed, so it was all dust. It was extremely dangerous on the roads, because of the
dust. You, you... The, the buses would, they had big, still do have, big Mercedes
buses which would do 120 kilometres an hour across roads with, dust roads, and, and
those things are terrifying, you know. If one comes at you, you can’t see anything,
you drive into its dust cloud and it’s, you know, minutes before you can even see the
road. It was really unpleasant working out there, right.

What did you do in terms of getting out and looking?

Oh, drove up to places where... You know, the, the bottom of mountains and look for
faults. But the trouble was that we didn’t have, we didn’t have decent maps, we
didn’t have aerial photographs, and we didn’t have satellite photographs. And so the
amount of ground you could cover was, was quite small. We also set up small
networks by driving stakes into the ground across faults which we thought were
active, and then surveyed them. And, actually, we did rather well. Many of the
places where we did that broke, but that happened after the revolution, so, we, we
couldn’t get back in. The other problem was that the villagers there are really poor,
and they would see us doing these things, and we, we used to take steel stakes, angle
irons, and put a bit of a sharpener on the end, and then drive these things into what,
you know, looked like solid rock, but the whole place is, is also weathered, that you
could actually drive these things. We’d drive them in a metre, and, and, right
underground, right, and then cover it up, and we put down baking foil so that we
could find it with a metal finder later on. But the villagers used to watch us do this,
and, and they would come along and dig out these, these things just for the, the value
of the steel. So we’d come back the following year and find these great craters where
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we’d left things. It was, it was not... It was my first experience of field work on the
continents, and it was not successful. [laughs] We learnt a lot, but, but you know, we
didn’t learn... We learnt a lot about how to do it, but not much about what was
happening.

[01:54:20]
OK, thank you. So, it was easier therefore to understand what was going on miles
and miles and miles away...

Yes. Much.

...looking at a, a chip.

Much. Much. In fact that was really the only way of doing it, I mean for a long time.
I mean, with satellite photographs and GPS, we can now do a good job in the field,
but, but up until really, oh I suppose, ten years ago now, yeah, that was, you know, it
was still, you know, we were still learning more by looking at the earthquakes.

And so, could you... You... You’ve explained how you can investigate continental
tectonics by looking at these things. But you mentioned that a computer was involved
and also a kind of, mapping on a sphere. So, would you mind telling me... I can
imagine you sitting at a computer looking at a chip with the lines.

Yes.

Could you say what you do next, and then what you do next in order to end up
understanding the way things are moving and the way things are deforming, perhaps
using one example, but, you know...

Well I’ll have a shot, but I don’t...

Yes.
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I don’t think it’ll mean much. The... And I then have to go technical I’m afraid.
What you do is, you trace the... You know where the earthquake was, and you know
where your seismometer was. So, you can, inside the computer, trace that ray back,
and find out what direction and what angle it left the, the earthquake. And you know
then at the end whether the motion was up or down. So what you do is, you project
that little sphere into the horizontal plane, and then you mark... And, and you can do
that even before you read the chips, right. Because you know where the earthquake
was, and you know where all the stations are, right. So you make a, a projection of
where that ray is on this little sphere, right. And you do that on the computer before
you start. And then you... Essentially it’s a colouring enterprise, right, you colour the
ones, where the motion was upwards, red, and where it’s downwards, blue. And you
get this pattern on your little sphere of what these are. And, for theoretical reasons
which I won’t go into, we know that if the motion is caused by slip on a fault, there
should be two planes which separate the ups and the downs, and these two planes are
at right-angles. You don’t know what their orientation is, right. So you use all these
things, all, looking at all the chips, and then you have a, a mesh, a grid, which you put
on the thing to, to draw these two planes, and they’re called the focal planes. And one
of them, and it’s not obvious always which, is the plane on which the earthquakes
occurred, and the other one tells you what the direction of motion was on that plane.
So that’s what you actually do. And you need the computer to produce the little
picture. That’s how we used to do it. We’ve got much more sophisticated now. We
now let the computer do much more of the work of, of fitting the planes than we used
to. We used to do that purely by hand, but now we do that on the computer.

[01:57:45]
So when... So, originally, the computer would project the sphere onto, into a sort of
flat picture...

Onto a plane. Yup.

And then did you print that out and do the coloured markings by hand?
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Yes. Yes. Yes. Yes, and we drew the planes, which are not planes, they’re curves on
that, right. Because, you know, when you project.. Where a plane cuts a sphere, you
project it onto the horizontal, you can see, you get a curved line.

Mm.

Well, you can, you make the, you make the projection to a particular size, and you
have a mesh, you have a, a grid, you know, which goes underneath which you can see
through the, the thing, and so rotate it, you know.

Mm.

And that’s quick, that’s easy, right. The part that isn’t easy is deciding whether the
motion is up or down, right. And that sometimes takes a long, I mean you can go
backwards and forwards, you know. And then, you know, you do it all, and see that
there are some discrepancies, and you go back and see whether actually you were
correct. And then there’s a, a list of, of stations which were wired up the wrong way
round, right, so you consult that and see whether that actually is why this one is
discrepant, you know, you’ve got to get everything right.

Mm.

It’s a real fiddle, right.

[01:59:03]
And, so you started on this work, and the Nature paper on plate tectonics had been
published, and you sort of...

No, actually. I started all... I started to work on the continents...

Before.

...before.
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Because that wasn’t published till... Yes.

That wasn’t published till the end of the year.

Till December, yes.

Yes, yes.

But, presumably there was a response to this paper on plate tectonics, by which time
you had moved on to looking at the continents. And I wondered what demands were
made on you in terms of, the interest in the paper, what demands were made on you in
terms of sort of, giving talks or...

Oh I went from being an unknown graduate, postdoc, to being somebody who you
invited, you know, to all big international conferences, and by 1968 that had
happened. And it happened to Jason and Xavier. And, we really became extremely
well known instantly, right, you know, in scientific terms, instant fame. And, that, I
mean, you know, I didn’t... I, I, I quite liked that; I didn’t think it was very serious in
the sense that, it was such a fashion. What it did do was to convince me that I didn’t
really have to worry very much about whether I was going to get a job doing scientific
research, and that certainly had been a concern of mine when I was a graduate student.
But once this made the splash it did, various people offered me jobs, and, and I was
clearly all right, you know. I didn’t particularly want to take them, because, I was
perfectly well aware that when you take a junior faculty job you’re going to do a lot of
slog, and I wanted to go on... You know, I had gone into this because I was interested
in scientific research, and, and I wanted to keep going in that direction.

[02:01:01]
What were the offers that came in?

I was, was actually offered a system professorship at, at Scripps. It was funny in
those days, it was... The, the community was quite small, right. I was one of Teddy
Bullard’s students, and I had spent time at Scripps and I knew Walter Munk. So, I
sort of belonged to Walter. And Frank Press for instance wouldn’t make me an offer
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because, he and Walter were friends and I was Walter’s property, not Frank Press’s
property.

Frank Press was?

Frank Press was, was at that stage the, the head of MIT, earth sciences at MIT. Harry
Hess made noises. I mean the, the... American organisations work rather differently
from, from the British ones. The business of hiring somebody in the States is, you
know, the jobs may or may not be advertised, but that’s not really the point. It’s a
negotiation between the head of the department and the person who’s, who’s wanting
to come. And typically, you know, that starts by somebody saying, ‘Are you
interested in coming to MIT?’ or whatever. And if your answer is yes, then, then
Frank would, would go to, to the dean at MIT and, and make a case for hiring me.
And, you know, then it’s a sort of, an interactive enterprise, you know, whether I need
start-up funds and this and that and things, and, and if I’m too greedy, then, no,
they’re not interested. Whereas here, even now, I mean, the situation’s quite
different. We advertise a job and it’s really there, and we appoint the best person, or
else we don’t appoint. But there’s, there’s none of this business of, of, you know,
all... you know, the head of department having in his pocket various posts. And, I was
fairly clear that if I was going to stay in the States, I wanted to be at Scripps, but I
actually wanted to come back to the UK. So I was not... I mean, nobody got very far.
You know, I, I wasn’t going to waste people’s time, you know, getting offers which I
then turned down just simply to flatter my amour-propre, you know, I wasn’t
interested in that at all, right. Once I was clear that I was employable, right, I then
wanted to do research. So, I wasn’t really very interested in any of these positions,
even terribly interested in 1969 when I was appointed here in Cambridge, right. It, it
was not, you know, I was perfectly well aware of how the career structure worked,
and that what mattered was that, you know, I was going to be judged by the research I
did. And I had made up my mind in the States, that if I was going to take a job in the
States, I was not going to take a junior faculty job. I was going to wait until I was
offered a post with tenure, because I reckoned that, you know, with plate tectonics,
you know, behind me, right, somebody was going to make me an offer at a decent
place with tenure, and I didn’t want to go through that whole business of, of, of being
assessed for tenure. I thought that was a dreadful business. Still do.
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[02:04:40]
Why did you want to come back to Britain?

[pause] It was fairly marginal. I very nearly stayed there. I like the place, right.
And, I mean I like... There’s quite a lot of things which... The sort of research I do is
not expensive at all, right, and, for instance, all the work I did on continental tectonics
for the first ten years, apart from the Iran stuff which was a grant, but all the rest of it
was essentially without any money. In the States, you can’t do that. You have to,
even if you’re tenured faculty, you have to raise quite a bit of the money which pays
for you. I tend to work, even then I did, I tended to go into things which I thought
were interesting and which were likely to, to yield, but in which I had no previous
experience. You can’t get grants to do that. That’s absolutely not on. Here I’ve been
able to do it, because of the fact that, you know, basically I’m a, a professor in the
university I teach, you know, so, I, my salary is paid for, and it’s paid for by people,
you know, essentially by the system for a specific purpose which is that I teach
undergraduates. And no one’s concerned, in that part of it, about what research I do.
That’s up to me. And, and that in the States is much harder to come by, right.

Where was the grant for the Iran work from?

That came from NERC, from, from the Natural Environmental Research Council.
And, they, at that stage, they don’t do that now, at that stage they looked at the whole
enterprise, so, you know, there was the, the work in Iran which wasn’t going very
well, but there was all the other work on, on the earthquakes and the continental
deformation, which was going extremely well and, and was making a big splash. So,
we didn’t have any difficulty getting it renewed. But the actual field work didn’t,
didn’t go very well.

[02:06:57]
You mentioned a classified network of seismological records.

Yes.
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Can you tell me about that and any attempts you made to use it or...?

Oh no, I didn’t have security clearance. It was and still is an American network. I
don’t know very much about it, but, the, the... I mean it was put in really for, for
seismic discrimination, for locating bombs. I mean, some things have now been
published about the early history of that project. It was very well run. What they do
now, I don’t know, I mean, you know, the modern things. I have, well I briefly had
security clearance from the British Government, but, I’ve never had it from the
American Government because I’m not an American citizen and you can’t get it if
you’re not an American citizen.

When did you have it from Britain?

When did I have it from Britain? Probably early Nineties, but only for a year, and it
was, I mean, I wasn’t of any use to them.
[02:08:06]
The American thing was quite interesting because, what we haven’t talked about and
which I should, is, is what happened after, you know, after I got involved with the
continental tectonics, because, it slowly became clear to me that, [laughs] I was wrong
to give up on the oceans, because, though I thought we’d done it all and it was all
understood, the marine geologists really were, were still, you know, were not using
the, the modern approach at all. So... And, and, even at places like Lamont. And, the
reason why was because, the programs to do all the things necessary had been written
by Xavier Le Pichon, and he went back to France, and programs, I don’t know
whether he left them behind or not, but, in those days programs were not written in a
way that, other than the writer could use them really. So, Lamont really didn’t get
anywhere with using the, you know, of turning magnetic anomalies essentially into
poles of rotation for plates and doing reconstructions. And so, John Sclater and I at
Scripps decided in 1968 that, that, you know, things were not moving as we thought
they should, and that we would have a go at the Indian Ocean. And, you know, it was
partly that this was notional on which very little work had been done, and partly it was
a desire on me to essentially do everything properly and show you how, show how the
thing worked. So we started, we went to sea in 1968 and acquired some very long
profiles across the centre of the Indian Ocean from... So we, we went from Colombo
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to Mauritius. And then we collected all the data, you know, in those days you did it
by negotiation, you had data, you would exchange that data for somebody else’s data,
and so, if you, if you had a decent collection of data which, you know, we got together
all of the Scripps data and digitised it and got it all into decent form. We had quite a
lot of stuff, right. So we had a decent bargaining place to work from. So we, we had
got hold of, of Lamont data and, as I remember, some from Woods Hole. And then
we discovered that, that the US Air Force had actually flown, had flown
magnetometers all over the Indian Ocean, and that there were these profiles from the
aeroplanes, and so we, we got all, we got hold of all that and digitised all that and got
that into decent shape. And then had a proper go, wrote all the code to do the, the
reconstructions properly, and, work out the whole history of the oceans, of the ocean,
which we did, and, and we got it almost completely right. There was just one little bit
where we, we didn’t recognise the magnetic anomalies and should have done. And so
we didn’t realise that they were formed just, by a spreading centre which no longer
exists, it’s been taken down into the trench and subducted. But all the rest we got
right. And, published a monumental paper on that in 1971, which was the whole issue
of the, the Geophysical Journal of the Royal Astronomical Society, it filled the entire
issue. And it, almost without exception, has been stolen from most libraries I use,
right, because somebody or other went off with it when it was first published. And so
it’s missing.
[02:12:15]
And that really established... At the beginning we had quite a bit of support, because,
we were, John, the cruise was part of a Scripps expedition which had been funded by
the US Navy, but all the, the work we did in putting it together, because neither of us
had faculty positions, we couldn’t get a grant, so we had to do it with whatever money
we could get hold of, and it, and it took longer than it would have otherwise. But we
did a very very sound job, and, that really got both of us elected to the Royal Society
quite soon, or, I was elected in 1976, which was, about five years after it was
published. So... But, from my point of view, it was a disappointment, because,
everything worked just beautifully, you know, but there was nothing new. So we had
done, you know, two years’ work, really hard work, right, on very little funding, and
had learnt in my view nothing which I didn’t know. I mean I didn’t know the details
of how the Indian Ocean formed, but, but you know, it was all described by plate
tectonics and we could do the whole thing properly. And so, after that, I was quite
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determined I was going to do no more magnetic anomalies in the oceans, I was having
nothing further to do with the subject, until it looked as if it was going to do
something new, right. And... But, I hadn’t realised that, you know, the, the approach
of doing everything on the computers and reducing everything and all that, was going
to be so difficult, right, for, for the community as a whole to pick up on.

[02:14:16]
How was it you were able to use Le Pichon’s programs in order to...?

No no, I didn’t, I wrote my own.

Ah, OK.

No no, absolutely from scratch.

So, when you say that the marine geologists tended to carry on as they had before,
what did that involve?

Well just description. I mean, you know, descriptive accounts of, of the sea floor,
rather than doing the reconstructions properly. No no, I, I always... no not quite
always, I mean I, I, I have one or two programs which other people have written
which I use, but nearly all the programs I’ve used in my career I’ve written myself.

And why have you...

Except to do completely standard things. I mean there are some standard
mathematical operations where I wouldn’t dream of writing the code to do it, right.

Mm. Why had the US Air Force flown a magnetometer over the Indian Ocean, and
how did you find out about it, and how did you get it, how did you get that?

Well there wasn’t any difficulty getting it. It was a so-called Project Magnet.
Somebody I... I suspect that, you know, what actually happened was that, the, the Air
Force decided it wanted some good magnetic maps of, of the world, and so it flew
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these things all over the world’s oceans. And, they were probably, you know, may
have been B... no they weren’t B-52s because they were, they... They may have been
B-29s, the old bombers. You know there was an awful lot of stuff after the war which
was really good stuff, right, in terms of, of aeroplanes and stuff, which no longer had
a use. So, you know, anyone who had any idea of what it could be used for, yeah,
have a bomber, you know, it was... They’d built so many of them, and they really
were no use in peacetime. So I think it was, was like that. The data wasn’t classified.
We, they, they sent us, as I remember they recorded it on, on very thin strips of stuff,
very long things, and I think they just sent us Xeroxes of it. It was hell to deal with,
right.

[02:16:32]
And why would they have wanted themselves a global map of magnetic...?

Simply for, for navigation. The, the... Navigation, I mean, up until... It had just been
put onto the ship when I joined it at Colombo. Up until then, navigation had been
done by taking star sights and sights on the Sun with a sextant, and these, these
aeroplanes were navigated in exactly that way, somebody stood in the cockpit and
took star sights when it wasn’t cloudy. The first satellite navigation came in, as I say,
it was put onto the ship in 1968, and it just made a fantastic difference. You knew
where you were, and you know, your really didn’t before that know where you were.

Mm. And, the other... Perhaps we might want to make this the final question before
we stop.

Yes.

[02:17:36]
How were Scripps able to just do a cruise in the Indian Ocean in 1968, what kind of
negotiation had to take place with, you know, with national...?

In those days there were... I mean, in the UK the, the National Institute of
Oceanography is, was and still is actually, a Civil Service department. In the States it,
it works very differently. The US is also concerned to have a, a national capability in,
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in oceanography, and it did that at this stage through the Navy which gave a block
grant of some millions each year to Woods Hole, Lamont and Scripps, and they could
then do... And part of that grant went to support the ships, and part of it went to
support cruises, and they could then use it to run cruises, you know, and, and this was,
was, this was, the Circe expedition was the one that I was part of, in, in the Indian
Ocean. And that was really the, the, you know, the head of Scripps could, could
decide, you know, what, what this money should be used for. So that was how it was
done in the States, and that’s how all these, you know, that’s how all, Lamont and
Woods Hole and Scripps worked.

Was any kind of geopolitical permission needed to go and, you know, sail in other
parts of the world, through other...?

No not in those days. No, it was, it was all before the Law of the Sea. We could go
where we wanted. Not within three nautical... I don’t think the US accepted anything
more than three nautical miles from the coastline. So... But we were in the deep sea,
we weren’t interested in that. No, all of those complications came later, right, and we
could go where we wanted, right.
[end of session]

[End of Track 8]
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[Track 9]

I’ll say that. So, we were talking, I was talking to Fred and Indira about, Fred Vine
and Indira, about what actually made people like myself and Fred, you know, what
distinguished us from, if you like the also-rans, because, there were... I mean, you
know, when I went to my first AGU meeting there were probably about 5,000
geophysicists at this meeting, never mind about geologists, and what we both thought
was that the Natural Science Tripos here was absolutely central to that, because of the
fact that in the first year, and this is still true now, you have to put in your very best
lecturers in the subject, and these people also tend to be the people who are right at
the cutting edge of the research. And this gives you a feel right at the beginning, right
in your first year, as to what the subject really looks like, right at the far end, at the
research end. And these people are very good, and, and, because they’re very
experienced lecturers they, I mean, you know, they don’t snow you, they try and
relate what they’re doing and put it in simple terms so that you can really see what it’s
like. And that for both Fred and I had a really important effect. And, the other one
was... I mean, and it was, it’s partly that and it’s partly, I mean the, the range of
things that you do, I mean you do physics and chemistry, and in my case geology, and
mathematics, and it’s pretty hard work. I mean, you know, you actually have to start
a new subject when you come up here, right, because, mathematics doesn’t count, you
have to do three sciences, but only for a year. But it’s that year which is really
critical.
[01:56]
And the other thing with both of us was, we both agreed that, that Madingley Rise, in
those days the Department of Geodesy and Geophysics and now Bullard Labs, had a
really profound effect on how we thought, and it was the people there and their global
involvement with things, and, I mean, originally particularly Teddy, right, but all the
people there had, you know, they were interested in major questions in the Earth
sciences, and, and not in doing some little bit of something or, you know, polishing
something off. They were absolutely up against the, the, you know, trying to
understand how the Earth works. And that’s still true of us, I mean that’s... The, the
place has had a really quite disproportionate impact on the history of the subject,
Because, I mean it’s never had more than, than seven or eight people on the staff, and,
twenty-odd graduate students. But, I mean... And by international standards that’s
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extremely small, it’s, it’s an almost scarcely viable outfit it’s so small. And yet it’s,
it’s, it’s gone on having this, and still now, having this major effect on, on how we
think about the Earth. And that comes through right to the graduate students, and the
very best of them do extremely well, right, once they leave, and go all over the place,
and we have contacts really now throughout the world which we can use, both to do
research there and, and, you know, get people.. You know, if you say, if you’ve said
to me that, that, I mean, you had had a letter from someone in Outer Mongolia, right,
would we think about this person as a graduate student? We’d get them interviewed
by a friend of ours in Mongolia, who’s got a PhD from Madingley [laughs], who’s
now extremely high up in the Mongolian affairs of, of science, and, and he would, you
know, he knows exactly how we operate, and, and he’d say yea or nay, and on the
basis of that we would either take somebody or not. I mean, it’s, it’s almost
impossible to go somewhere where we can’t do that almost within twenty-four hours.
And, that means we are open to influences all over the place, and, and, I mean
particularly in the time that James Jackson and I have been running it, we’ve reckoned
that this is much the most important part of our international concerns, is actually to,
to take bright people from all over the world, right, and, and show them how you do
good science properly. And then try and persuade them to go back. And on the
whole we’re successful, they go back, but quite often they have no career once they
go back, because, they’re not protected by some grand corrupt man in the country
and... And what then happens is that they say, ‘Oh well, all right, we’re going to
leave,’ and then they have a career in the US or here or wherever. So, certainly, I
mean in that case they do quite well, but not, they don’t have the impact that, that, you
know, we hoped they would have when we took them on.

[05:16]
Mm. Thank you. Now, I think that this actually is probably part of the historical
story, that Madingley Rise was extremely important in the history of British Earth
sciences, but we’re in danger of, as a project, of having someone looking at the
project from outside and, and saying, ‘Why all this... You know, this is a history of
British science, why the focus on Cambridge and, and the UEA? This seems rather
East Anglian. What about other places in Britain?’ So I, I wanted to get your view of
the extent to which other centres in Britain were nearly as important or as important
as Madingley Rise in that period, not just for geomagnetism and plate tectonics, but
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for the whole field of the Earth sciences, are there in your view other centres
throughout the Britain, including Scotland Wales, where you think there were
similarly or, or, you know, almost equally important...?

No. For an interesting reason really. First of all, when I was a graduate student there
was really only one department of geophysics in the country, which was here. There
was a very small one in Liverpool concerned just with palaeomagnetism. The other
thing was that, the story came out of the oceans, so, you needed to be deeply involved
in research in the oceans. And at that time this was really the only centre. There was
a little bit of work going on at Durham, Ron Girdler, who had been here, and went
then to Durham, but it was, you know, just, him by himself really. So, it was, it was
chance really that, I mean, in retrospect it looks like chance, whether, whether it...
The question which, which is hard to answer is, what it was, I mean, which had
caused particularly Teddy and Maurice Hill to put all their energies into the oceans,
right. And in Teddy’s case it was, that he was an experimental geophysicist, and no
one knew anything about the bottom of the oceans. And, you know, if you only
looked at a third of the Earth’s surface, it’s quite likely the other two-thirds may
contain, you know, important information which you need. And, I mean, talking to
him which I did about that, I mean, the person who influenced him was Field at
Princeton before the war, who essentially persuaded him and Maurice Ewing at
Lamont that, you know, you had to use geophysics to look at the sea floor. And, this,
I mean, the places that were involved in that, which was really Cambridge, Lamont,
Scripps, and to a smaller extent Woods Hole, were the places from which the theory
came, and I don’t think that’s any accident at all. They were really the only places
from which it could come, because they were the, the major intellectual groups
studying the sea floor, right.

Mm.

And that’s where everything came from. So I think it’s, the reason why the focus for
this particular activity is Cambridge, is inevitable because of the fact that there really
wasn’t anywhere else in the UK, and there was nowhere else really in Europe who
was doing it I mean, because of the success of all this, the French then persuaded
Xavier Le Pichon to come back from, from Lamont, where Maurice Ewing tried to
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keep him, to set up a group in France to look at the sea floor essentially, and they had
been very successful. And the Germans did the same. They had more problems with,
with bureaucracy than, than we do, and, and, the outfit which, essentially they set up,
became really an extension of German foreign policy, rather than a purely scientific
enterprise which we were here. So I think that part of the story is, is, you know, it is
inevitable, right, that, that it was Cambridge really.

[09:45]
Were there other aspects of the Earth sciences that were being tackled elsewhere?

Oh yes, absolutely. Yes. Yes. Particularly the... I mean, Oxford, particularly
petrology, right, they were very good at that. Continental tectonics of the classical
variety, not of the sort using earthquakes, also at Oxford. Palaeomagnetism as such at
Liverpool and at, at Newcastle, but without the integration into the, the wider thing.
So, in Newcastle it was in the Physics Department, because Runcorn went from here
and set that up, and, he was really only interested, he wasn’t interested in geology at
all, he was interested in physics, right. At Liverpool they set up a separate department
of geophysics, which was not in the Geology Department, right, and they really just
did palaeomagnetism.
[10:56]
A little bit later the, the group at, there was a very good department of geology at
Edinburgh, run by two rather farsighted people, and they persuaded Edinburgh to hire
a professor of geophysics, but unfortunately the person they hired was one of these
geophysics who also didn’t believe in having anything to do with geology, so he set
up a, it was Alan Cook, he set up his own department which just did geophysics, had
nothing to do with geology. And that was particularly, in the UK, that was really the
problem, was, and it’s true also in parts of Europe, that the geophysics came out of
physics and were in departments of physics, and were extremely, rude is the right
word, about geologists and the way that they approached things. And, that was, you
know, in my view, greatly to their, their disadvantage. I mean, the geologists are
somewhat infuriating in that they, they’re very good scientists, but they... and much
more sophisticated than, than the physicists, and they have to be because, there’s so
much information coming in, and they have, basically, they latch on to things in a
way... They’re very much bandwagoners, and they latch on to things, and they
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haven’t got a very good physical understanding, typically. And so, the bandwagoners
don’t quite look right when a physicist looks at them. And there are two approaches
to that. One which, you know, particularly Alan Cook and people like that in
Edinburgh took, is to poor scorn on this and say, ‘Oh these people are no good, they
don’t understand physics.’ The other one, which, I mean, is, is to say that, that, you
know, they basically got the right notions but not quite right yet. Can you actually
take their notions and construct from them, in my case, very simple models on which
you can do the mathematics, which contain the essence of what the geologists are
looking at, and see if you can’t do the mathematics properly. And so sift what they
can see into those things which are part of, of the, the simple model, and those things
which don’t fit. And that’s always been my attitude, is to try and do that sifting. And,
I mean, it’s, it’s... You can only do it once you’ve got a decent physical model on
which you can do the sums to see what actually is a consequence of your simple
model and what isn’t.
[13:55]
And, and that’s actually what I was doing when you were last here, I was just
finishing off a paper which was doing exactly that on, on a, a big intrusion in, in east
Greenland. Which is quite interesting, because, that was worked on by Wager and
Deer, and Wager went on to be the Professor of Geology at Oxford, and Deer went on
to be the Professor of Mineralogy and Petrology here, and both were elected to the
Royal Society on the basis of their work on this intrusion in, in Greenland called
Skaergaard. And, I’ve always wanted to have a go at that, but the, the necessary data
wasn’t there until recently, because the technology for doing it, right, the geochemical
technology has advanced very rapidly the last ten years, and so now what would have
been an unbelievable amount of work, you know, you can actually do perfectly
reasonably in a few years, right.

Mm.

And so, finally, had something which I could get my teeth into and do exactly that.
And, and it’s the usual story, I mean, a great deal of what they’re looking at is just a
consequence of the very simplest model, right, though quite a lot of it isn’t, and it’s
quite interesting, you know, the... I find, one of the most interesting and hardest
things I do now is to, to, to use physics to do geochemistry, right, because... And
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geochemistry, all you see is the end result of all these processes. And, you have then
to be able to follow the whole history of how these things happen in order to produce
the end result, and, [laughs] and that’s not trivial at all.

[15:44]
Mm. Who were the, the farsighted Edinburgh geologists who called for the
geophysicist, do you happen to remember?

Oh, yes, I’ll remember the name in a minute. [pause] Not this minute I don’t, but I...

OK, we’ll come back to it.

I’ll come back to that.

That’s fine, that’s fine.

I will, I will remember. The, the head of the department was, an old, very heavy man
with white hair, who was married to a famous sort of, blood and guts novelist. And,
the... He... And, in those days the... And he was, was, was head of, he was the chair
of the NERC grants committee, and, the... NERC was a Government organisation,
and it believed that it should pay people so that they got after tax, right, I think it was
£100 a day for their services. And, because his wife’s income was so gigantic, and
the tax system was completely broke, he was paying ninety-five or ninety-nine per
cent of his income in tax. So in order to pay him £100, they, I think, had to pay him
£10,000 a day or something completely bizarre. But what was his name? What was
his name? [pause] It’ll come back to me. And there were two of them. [pause] No.
[Fred Stewart was the geologist DM was referring to]

It’s all right, we can come back to that, and I’ll just stick it in, in the summary.

Yes. Yes. You can also find, it’s also something you can find out. Because it was, it
would have been the late Sixties that this was happening.

Yes.
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Craig was one of them. [Gordon] Craig was, was... This guy wasn’t, his name wasn’t
Craig, but, but Craig was, was the other person who was involved, and, and they,
they, they had a shot at attracting me but, the problem... I... The professor they hired
was Alan Cook, who I knew well who was a former graduate student of Teddy’s, and
he was really narrow, and, you know, once they decided on that, I didn’t think the
place was going to work.

[18:14]
And who was at the Liverpool site?

Who was at Liverpool? Wilson was the... That was a very small show.

Mm.

But, it was a guy called Wilson. I can’t remember his first name.

Great, thank you. Now, especially...

And, at Newcastle it was a much bigger enterprise.

Ah, yes.

And, and that was, Keith Runcorn.

Yup.

Was, was the professor there.

[18:47]
You mentioned geochemistry. I wonder whether there are eminent geochemists in the
period of this project that you possibly know and have worked with, and, William
Sefton Fyfe is one that I know of, but I imagine that...
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He was rather different. I mean he was, he, he was at that time more interested in
metamorphism. The, the person who I did have a great deal to do with... Crumbs,
names. I’m getting old. [the geochemist DM is referring to was Paul Gast]

[pause in recording]

[19:20]
He, he was an isotope geochemist, not a, not really... He did some trace element
work, but, he really understood the, the power of isotopes. And the point about
isotopes is that, the whole of the melting process has absolutely no effect on the ratio
of the isotopes of elements, they just come straight through. So you’re looking
straight through at the mantle. And he, he was one... really the first to, to exploit that
in a very big way, and this was in the Sixties. And he killed himself essentially,
because, the way in which you separate... What you need to do to measure isotopes
is, you’ve got to separate elements from each other, and then measure their, the ratio
of isotopes which are produced by radioactive decay, but over the timescale of the
Earth. And you do this by pouring liquids through columns, and they travel at
different speeds, the different elements travel at different speeds through these, these
columns of resin. But the problem is, you’ve got to calibrate them, and how he
calibrated them, right, to find out when the element was going to come through, was
simply by using its radioactive, one of its radioactive species. So his lab became
absolutely red hot. And he knew perfectly well what he was doing, he was just in a
hurry, right. And so he died of radiation sickness actually. Got cancer. And when
Keith O’Nions, who took over from him at Lamont, and interestingly, Keith never
met him, Keith, the first thing he did was, was to get the nuclear people in to, to see,
you know, was it dangerous? And yes, it was, and it would have to decontaminated
professionally before they could use it again, right.
[21:12]
Scientists are absolutely not reliable, right, you know, if their science is involved, you
know, they will cut corners and do things, right, irrespective of safety. And Paul was
really very very good, I mean, it’s a real loss. I mean he had this really profound
understanding of what you could do with it. And, and then, partly because of what he
did, the, the industry of manufacturing mass spectrometers to do this really started to
take off, and, and it became a big enough business that, that actually, you know, you,
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 249
C1379/24 Track 9

you no longer had to build things yourself, you could actually buy them. And that has
had a tremendous impact on the subject as a whole. And, this didn’t really happen till
the Seventies, that the isotope geochemists, people like Jerry Wasserburg at Caltech,
Keith O’Nions, who at that stage was at Lamont, and Claude Allègre who was in
Paris. And those three really... not, I mean with, with their students and people, I
mean, it’s a very labour-intensive activity, revolutionised our understanding of the
geochemistry of the Earth really.
[22:32]
But they did that, they did, it had no impact really at all on the early stages of, of our
understanding. It was, what they were looking at was much more involved with
mantle convection, rather than with plate tectonics at the surface. And, the... because
of the difficulty, I mean, what you’re looking at with isotopes is, and the isotopes they
used were of strontium, right, which is a decay product of rubidium, neodymium
which is a decay product of samarium, and lead which comes from thorium and
uranium, and what you see, what you measure is the ratio of these isotopes, but what
its influenced by is the whole history of the Earth since it was put together. So you’ve
got to understand, in order to make use of it properly, you have to have a physical
model of the whole of Earth’s history, which we still don’t really have, so, there are
still major problems in, in exploiting this to the full.

And for the listener, these isotopes are important for dating the Earth essentially,
because the rate of decay is constant, but, and also, the heat source the decay, is it?

No it’s not, it’s not the dating so much as that, if... I mean if you, for instance, if you
take rubidium-strontium, when you melt, rubidium goes more into the melt than
strontium does. So that, if you look at the strontium, the strontium-87 which is the
decay product for rubidium, there’s much more of that in the continents than there is
in the oceans. So this essentially gives you some idea of when the continents formed.
You could do the same with neodymium and samarium, and, that’s a very powerful
one actually, that’s better for looking at continent formation than rubidium-strontium.
The other sort of thing you can do is find out when the atmosphere formed, because,
there are various isotopes in the atmosphere from xenon, which are only produced
during the very very early history of the Earth. And the isotopic composition of the
Atmosphere is different from that of the mantle. So the atmosphere must have
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separated, right, within, I mean, 100 million years or so of the formation of the Earth.
It’s arguments of that kind which, it’s more than, than just crude...

Dates.

...just simply dating what happened. It’s, it’s actually dating events and seeing
through the whole of the, the geochemical processes which have affected the Earth.
That’s been the power of these methods. And core formation, that, that’s another
thing you can do this way, because there are, there are certain elements, like tungsten,
which go into the core, right.

[25:22]
Now in other parts of this interview you’ve described in wonderful detail the actual
sort of hands-on practical science involved in your work, for example sort of, playing
with the plastic cap on a globe, or in the last session’s work, looking for hours at the
seismic chips in order to understand things. And I wondered whether you could do
the same for the next sort of parts of your career, and I’ve got what I can see as three
types of work, but you may want to talk about these things in an order that suits you,
but, formation of sedimentary basins, work on the flow of the mantle, and I’m thinking
here it would be wonderful if you could describe the use of the Golden Syrup trays
and that sort of thing in order to see, literally see the convecting cells with the plumes,
and, work relating interior movement to surface tectonics. So...

[laughs] That’s the hardest.

Now, it may be that these things were going on simultaneously, or that it’s easier to
talk about them in a particular order, so, I can leave that up to you. But, it’s really
the sorts of things that people can’t get to simply by reading your papers. What was
involved by behind the scenes in actually practically doing this science in a way that
...?

Right. Well let me, let me do the convection bit first, which is, is probably the easiest.
The thing that... You know, we did our separation into kinematics and dynamics,
right, and, and that was, was a profound help, because it allowed you just to look at
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the kinematics and say, all these things simply follow from the motion of the plates.
But obviously it has to be something which maintains the plate motions, and that has
to be capable of producing enough energy to account for the earthquakes, at least.
And it’s not going to be 100 per cent efficient at turning, you know, something into
mechanical work. So, you’d better have quite a bit of, of latitude. So you need an
energy source which is ten to 100 times or so bigger than the amount of energy
released from the earthquakes. And the only practical one was, that anyone’s ever
come up with, is some form of convection. And by that I mean simply that, that cold
material sinks, hot material rises, and that drives the circulation. And once the cold
material has sunk, it then gets heated up, right, and the hot material which has risen
comes up to the surface of the Earth, and cools down. So it’s self-maintaining. And
that had to be the source of, of the work.
[28:11]
Now, and this would have been in the late Sixties, we knew rather little about
essentially the fluid dynamics of this sort of flow. And at first I thought it was just
my ignorance, right, and that, you know, if I went and looked, read all the papers on
fluid mechanics, everything would become clear. Which I did, and it didn’t. And the
reason is that, the Earth has a very very high viscosity, and most of the convection
that people work on is in the atmosphere and the oceans and things like that. And in
these situations, the momentum of, of the material matters. The reason why for
instance the circulation round depressions, which come across us all the time, is in the
direction which it is, is simply because they carry with them the angular momentum
of the rotation of the Earth, and so they blow round, round a low, in an anti-clockwise
way. Well that’s, all that understanding, and that’s convective phenomenon, but that
all involves momentum. Now the mantle is far too viscous for momentum to matter.
So, simply put, at every instant the driving forces have to exactly balance the resisted
forces, and there’s no transfer into a velocity which then, you know, allows the thing
to flow. It isn’t, there absolutely has to be a balance. And this sort of convection is
actually in some ways simpler than the sort that involves momentum, but rather little
work had been done on it at that stage. So, the first thing to do was actually to find
out a bit more about how fluids which were very sticky convected when they were
heated from below and cooled from the top. And we did that using computers. In
those days, the computers weren’t very powerful, and it was a really major
undertaking to run these, these models, and run enough of them to actually understand
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the physical processes involved, rather than just produce one answer which is the
Earth, right, it wouldn’t be the Earth, we don’t know enough about the numbers to
actually say, we want to run that particular thing with this viscosity and that depth and
everything else. What we wanted to do was to understand the processes involved in
this sort of convection.
[30:49]
And so, that sort of numerical modelling on the computers takes a long time, and we
spent I suppose, two or three years running these models, and, each model would take
probably a day on the computer, and we wanted to run, I suppose we ran about fifty or
100 of them. So we needed... And we needed the biggest computers that there were
in the university, and we needed a lot of time on it, so it was a fairly slow activity.
And what it showed was that the, the convection in the mantle did not look at all like
the plate motions on top. There were rising and sinking regions with the spacing
between them of perhaps 1,000, 1500 kilometres, but there was nothing like the
motion of the plates. And the real problem was, the horizontal extent of the plates,
like the Pacific, is perhaps 10,000 kilometres, and that’s just no, it’s not similar to
1500 kilometres.
[31:58]
So, we had learnt a lot about how the fluid convects, but it wasn’t really very much
help at all in understanding what made the plates move. But what it did do, and this
didn’t happen at once, but this happened slowly, was, once we had got a method using
gravity of actually seeing the motions underneath, in the mantle underneath the plates,
we could see that, yes, indeed all this was going on. And things like Hawaii, which is
a hot rising plume, that is part of, of the mantle convection which is going on
everywhere underneath the plates, but isn’t related to the plate boundaries. So that
really was a spanner in the works from the point of view of, of understanding what
was going on.
[32:45]
And what we then did was to say that, actually, and by the time we understood all
this, we also had really a pretty good sort of, knowledge of what the plates were
actually doing, and what they did and how they sink into the mantle beneath places
like Japan, and you can follow their progress down through the mantle by looking at
earthquakes which go down to nearly 700 kilometres. So we could actually see the
plates coming along and being tipped and going down into the mantle. So we could
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actually look at that process as a convective process, and see what the density contrast
was, how fast would the thing sink. Did all this add up, could you actually maintain
the plate motions by this sort of convection, which was not like what came out of our,
our numerical models? And yes you could, right, that, that worked just fine, right. So
we were then happy, right, that we had, you know, essentially two scales of
convection if you like. There was a scale with quite a short horizontal wavelength,
1,000, 1500 kilometres, which was, which is responsible for things like Iceland,
Hawaii, Cape Verde, the Azores, these places where there’s a lot of melting
underneath the plates, and where actually the surface is pushed up, and there’s a big
gravity anomaly associated with these things. That was one sort of convection. The
other sort of convection was actually the plate motions themselves, which produced
sufficient density contrast to maintain the motions and drive the circulation.
[34:26]
So we were then really... I mean, the... What we would like to do, and what has been
the sort of holy grail if you like since the Seventies, is to produce a self-consistent
story by which you set up the governing equations, and the plates come out of that
when you model it numerically. No one has been able to do that yet. That’s still
something which we’re stuck on. People have tried with rather artificial rules
governing how you start plate boundaries, or they put plate boundaries in and showed
that, yes, we were right in what we said, you can maintain the motions, but that’s not
quite right. I mean, you know, you would like to know, you would like to have a
sufficient understanding to see how the whole system starts and what goes on. Well
we haven’t got that yet.

[35:19]
When you said, obviously when you say, we could see the, the convection, it’s almost
a, a metaphor in this case, because, you can’t directly see what’s going on inside the
Earth, but, could you explain then how density contrasts allowed you, or data on
density contrasts, allowed you to see the, you know, the particular pattern of
convection inside?

Yah. In a fluid, if something is denser than the average, it sinks; and if it’s lighter
than the average, it comes up. And when it does that, the motion, you know, above
the sinking region, it pulls the surface down, and above the rising region it pushes the
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surface up. So, you’ve got to worry about two effects on looking at, looking at the
topography, right. In the oceans where this is actually, this convective signal is
clearest, you can see where things are rising and where they’re sinking, partly from
the, just the topography of the bottom of the sea. But there’s another effect which
could also produce changes in the topography of the bottom of the sea, which is
variations in crustal thickness, right, which are compensated. Now those...
Compensated, you know, if it just floats, that doesn’t produce a gravity anomaly. So
the thing we the looked at was the correlation between the gravity and the topography.
And, the thing about the gravity is that there are, there are two effects. The, the stuff
which is rising is less dense, so there’s less mass, but it pushes the surface up so
there’s extra mass from the fact that the surface is pushed up. And these two effects
are of similar magnitude but the surface effect wins, right, but not by a lot. So you
have this very distinctive signal, right, which is that the gravity has to be positive over
these rising regions, but not as positive as you would expect, right, just from the
uplift. And, if you like, the apparent density of the uplift, instead of being, you know,
three grams per centimetre, cubic centimetre, which is what the mantle is, looks as if
it’s just one gram per cubic centimetre. And that’s a very, it’s pretty much constant, it
doesn’t matter what the wavelength is, and it’s an absolutely diagnostic thing as to
what is caused by the convection and what is caused by variations in crustal things.
So, yah we were really looking straight through the plates at the circulation below,
once we got decent gravity measurements.

[38:01]
Where did decent gravity measurements come from?

Ah. Yes. Well, at the beginning... The problem with the gravity is that, these, these
effects... I need to go to the loo.

[pause in recording]

Yes.

Yup.
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Yes, yes. At the beginning, what we had was gravity measurements from ships, but
the signal that we were interested in is a change in the gravity of perhaps one part in
100,000. Now, as anyone who has even crossed the Channel knows, right, waves
produce rather large accelerations. You can actually feel the ship go up and down.
So the notion of measuring the gravity field to one part in 100,000 on a ship which is
going up and down like this, enough to make you sick, right, is really a very very
difficult proposition. They could just do it, right, the ships had gravity meters. And
the way in which you do it is, is you essentially smooth out the effect of the waves.
And, rather surprisingly, there aren’t very long period waves, so, if you smooth over a
period of five minutes, right, then you get rid of the waves essentially. But, it was still
not, I mean, you still had errors of, of about one part in 100,000, a little bit less. And
the measurements you were trying to make. So you only had, the signal was only two
or three times that, so it was a pretty noisy enterprise.
[39:37]
And what changed everything were some satellites which didn’t so much measure the
gravity field as they measured the shape of the surface of the sea. And, if you have a,
let’s say you have a mountain which is extra mass, a volcano or something on the sea
floor, then, clearly as the ship comes up to this, approaches this thing, if you had, if
you imagine a pendulum on the ship, it would be deflected by the mass of, of the sea
mount. Now the sea surface is always at right-angles to the pendulum, so... What that
means is that there is actually a bulge in the sea surface, right, caused by this extra
mass on the sea floor. And, it’s, it’s not a very big effect, but the satellites now can
measure the shape of the sea surface to accuracy and precision of a centimetre, right.
And these effects from the convection, right, are about ten metres. So we went from
having really, you know, sparse data from odd ship tracks which, from the ships
which carried gravity, and very noisy data, to more or less complete global coverage,
right, to an accuracy and precision which was way more than we needed. So that then
just allowed us straight off to map the convective pattern, and our gravity fields now
are very very much better than our knowledge of the shape of the sea floor, right.
Because, we can do that everywhere with the satellites, right, to an accuracy and
precision of about a centimetre, and large parts of the oceans, there are parts of the
South Pacific where there are squares of 1,000 kilometres by 1,000 kilometres with
perhaps one ship track across it. And it’s the, there are parts of the world’s oceans
which are almost completely unexplored.
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[41:37]
Which one... Is there a particular... What accounts for those regions being
unexplored? Is there an obvious reason?

Cost.

So they tend to be remote from...?

Yes. It costs you now about $100,000 a day to run a ship, an oceanographic ship. It
goes about, a little bit faster than, than me on my bicycle in Cambridge. So to get to
these regions takes months. And, granting agencies are not happy to pay, you know,
if it’s $100,000 a day, you’re talking about $3 million a month, right, and it probably
takes you two months to get there and two months to get back. So you’re talking then
about, something like, $10 million just to transport the ship to these regions.

Just to get to the site and then...

Just to get there and get back again. Nothing about doing anything there, right. And
the days of that now are really gone. I mean, when the ships were, I mean, smaller, I
mean the ships have got very much bigger and much more expensive to run, when the
ships are smaller, you could do that. And also the, the US Navy was, really wanted
people to go all over the world’s oceans, and, and look at different parts of the oceans.
So they supported, particularly Lamont and Scripps, to do these, these remote
voyages. But nowadays it’s, it’s very very much harder to fund.

[43:06]
And when you mentioned you were using the largest computer, where, the largest
computer at Cambridge, or the largest computer...?

The largest computer at Cambridge, yes.

Yes. And when you are saying ‘we’, who, who...?
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I was working with Nigel Weiss. Because, I didn’t know... Solving partial
differential equations numerically on a computer is quite a technical business, and at
the beginning I didn’t know anything about it. And, Nigel, I had known Nigel
actually since I was an undergraduate, and he had worked at Culham, which is where
they designed the hydrogen bomb, right, on the computer there, looking at fluid
dynamical processes. He was and still is actually more interested in, in how a
convecting fluid generates a magnetic field, things like the core and, and the Sun, than
he was at the beginning in mantle convection. But the equations are the same and the
methods were the same; even the programs only required a fairly small change to do
this. So the two of us set up this project, and we were originally going to do it at
Culham, right, which is just outside, it’s outside the fence but it’s, it’s at, at Harwell,
but it really didn’t work, travelling backwards and forwards, you know, it’s two hours
in the car each way, and it, it really didn’t work. Until we got a, until actually the
Institute of Astronomy here got a really powerful computer, an early IBM 360, right,
and, and that was what we did it all on., right, at the beginning.

[44:47]
And, at this stage, is it at this stage that you built the, the piece of apparatus that
allowed you do see treacle?

Well this was, yes, this was the other line that we took, which was that, the, at that
stage, we could, on the computers we could just about manage to look at convection
when the viscosity was constant, and didn’t change with temperature. Now, we knew
right from the beginning that in the Earth that was not going to be correct, because,
how do you make the plates, right? The plates themselves must have a very much
higher viscosity than the mantle below to move rigidly, and yet they’re made out of
the same stuff, so it’s just purely a temperature effect. So, one of the things we
wanted to look at was the effect of allowing the viscosity to be a very strong
functional temperature to reduce, right. And, syrup has the most remarkable, Lyle’s
Golden Syrup has the most remarkable property, that, if you go from a temperature of
minus ten to fifty degrees centigrade, which is about the working range you can do
without it turning into toffee, the variation of viscosity over that range is about ten
million, right. So we could, we really had a... And it, it, it behaves, it’s what’s called
Newtonian viscous, so it behaves in the same way, and it’s a proper fluid, it doesn’t
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do things nastily to you. So we thought, well this is the stuff we should use. [laughs]
We wrote to Tate & Lyle, who gave us huge quantities of the stuff, right, which, and,
and actually mentioned us in their annual report to shareholders that this was what
they were supporting. And, the only problem with, with, with syrup, Lyle’s Golden
Syrup, is that, it has a, a habit of, of crystallising, right, and sometimes we would
come back after, we’d leave it running overnight, and we’d come back, and we found
the whole tank had turned into crystals of, of sugar, right. And then we had to
dissolve that out, and, we then turned it into beer, right, by fermenting it. [laughing]
It was quite perfectly good, good stuff. Now that allowed us to study the effect of
having very large variations of viscosity with temperature. And rather to our surprise
that has very little effect. What happens is that, the, it makes a, a thick lid of very
viscous stuff, and then, in the interior the variation of viscosity is quite small, and the
convection looks really quite like, you know, convection when there isn’t a viscosity
variation. So that wasn’t a big effect.

It almost could have got away with just the computer version, because you, you found
that no...

Yes. Yes. Yes.

What other materials did you explore before deciding that Lyle’s...

Ah. Yes, we didn’t. It was a piece of folklore here left over from G I Taylor, who’s
one of the very best fluid dynamicists, and it was well known, these properties of
Lyle’s Golden Syrup were well known here, and I don’t... it had never been published,
I don’t think, that it was, it had the right properties, so it was Newtonian viscous, and
it had this, what’s called super exponential variation of viscosity with temperature. So
we knew all about that, that was common knowledge here from, from, oh, I don’t
know when, I don’t know when G I did the experiments to test those things. Probably
in the Thirties, right. But, he and his student... I mean all his students knew this, right.
And, and Nigel Weiss was in the Department of Applied Mathematics which is where
G I worked some of the time; some of it was in the Cavendish.

And how was the treacle delivered, what sort of...?
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Oh it just came in, it came in these, these, you know, things which looked like, you
know, five-litre paint tins. Just... And you know, you must warmed it up and then it
would, you could easily pour it. I mean, it’s extremely easy stuff to deal with,
because, you, you warm it up to twenty, thirty degrees centigrade, and it pours like
water, right. And yet if you cool it down to, to, to minus ten it goes almost solid, I
mean you can break it with a hammer, right.

[49:13]
And where was the apparatus that you used?

It was at, at Bullard Labs. I mean we, we built it ourselves. It consisted of a, of a
framework made out of something called Dexion, which is a, just a, steel angle iron
with holes, so that you can bolt bits together. And some big mirrors. And then,
sheets of glass. And we drove the whole thing by having hot water on the bottom and
cold water on the top, and we had a, a pump which circulated the water and a, a great
big tank in which we kept the, we governed the temperature and put the heat back in
again. And so you then had a thin layer of, of Lyle’s Golden Syrup in the middle, and
you passed light through all this glass and made images of what the pattern was on the
screen. And you could see all... And we made movies of, of how, how it happened.
You know, you could see the, the pattern changing with time, right, in the movies.

[50:13]
Now I’ve seen the steel image anyway on a BBC programme of those cells, but could
you describe for the listener the kind of, the crystal sort of pattern of the convection?

Well, the... how we did the experiments was that, we wanted to, as usual with
physicists, we wanted to make it simple. So, we would start the convection off by
putting a mask on, and the mask was just a big square, a thing made out of wood, and,
across this we stretched strips of, of aluminium tape. And then put a heating lamp just
like the one you have in your bathroom, in fact it was one of the ones from the
bathroom, so that we could produce lines on which we heated things, and lines we
weren’t. And this then locked the convection pattern on to those things, which, and it
took the form of, of what we call rolls, which were lines of rising things and lines of
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sinking things. And we could vary by, varying the tape spacing, the spacing between
these rolls. And so we’d set the thing off in a nice simple pattern, and see how it
changed. And, the, the, with the syrup, what happened was that it really wanted a
square pattern. It wanted a rising thing in the middle of these little squares, and
sinking all the way round the edge. And they were really rather exactly square, right.
They weren’t rectangular, these things. And it, it locked on to this almost no mater
what you did. But the important thing from our point of view was that the spacing
between the rising and sinking regions in these squares was similar to the depth of the
layer. And in the Earth we think the depth of the layer is about 700 kilometres, so,
that meant that you couldn’t... We tried to make bigger ones, and every time, no
matter what we did, it broke down into these little ones where, in cross section, the
thing was more or less square.

Mm.

And that was what it wants to do. And there is no way that we found, either on the
computer or in the tanks, or doing anything, that we could suppress this, right. And
then we had the gravity data so we could actually see this happening. So, we learnt a
great deal about mantle convection, but not much about the driving forces of plates.

Yes.

[52:56]
But the great thing about doing things in tanks is that you can get all these nice
photographs, and everybody loves, they much prefer to look at photographs than, than
output from computer programs. I don’t blame them.

Was it in that case more convincing as a, as a piece of evidence than a computer...?

No, no. I mean, it doesn’t make any difference. I mean, in some sense it’s, you’re
using the syrup as an analogue computer, right. I mean, provided you’ve got the
equations right, you get the same results in the tanks as you do on the computer.

[53:29]
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Is it, would it be different, is it possible to explain to the listener how... Because, this
confuses me. I can see obviously, with the syrup you can see how you’ve managed to
see how this works. How by running differential equations on a computer, do you end
up with a kind of, physical representation of how...

Oh you calculate simply the temperature and the, and the velocities and, and, and
everything. It looked...

But how about the spatial data, how does the computer tell you that, there’s a bit
rising in the middle and then these things falling off...?

You just solve the equations. And, and, I mean, the computer output nowadays looks
exactly like the photographs of the tanks, right. You can see...

Because it, it produces a visualisation in the way...?

It produces a, a three-dimensional picture if you want, right. And you can look at it in
stereo and, and see the whole thing. It’s, it’s in many ways easier to do in the
computer, because, if you want to know the temperature somewhere, you just print it
out. Whereas if you want to know the temperature in a convecting cell, you try and
stick a probe in, but the probe interferes with the flow, right, and so that’s, you, you
modify things, so you have to be quite careful that what you’re looking at is not the
result of sticking a needle in. Whereas on the computer you just have a look, and you
just see what the temperature is, you just make a, a three-dimensional picture of the
contours, right, and that’s what we do.

[54:52]
Now at this point I’d like to challenge the argument made in The Day the Earth
Moved. And I realise it’s setting up a sort of rather obvious thing as an
entertainment, but, what it was doing is, it started off with someone with a geological
hammer, hitting out a sample, and it was saying, geology is painstaking work, and
then it had the Sedgwick Museum with the samples. And then it has you striding
through. And physics is presented as a, a sort of simple, easy, and, not easily
confused and all that sort of thing. But, I wonder...
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This must be The Day the Earth Melted.

Melted, yes.

Rather than moved.

Moved. Sorry.

Yes.

But, I wonder what you would say about the painstaking nature actually of the sort of
work you’ve done, which although has been closer to physics and geophysics than to
geology in a way, but I know you’ve maintained close relations, it does seem to have
this painstaking element as well, sitting at computers for hours, setting up this
experiment and working on it. I wonder whether you yourself would like to challenge
this distinction between geology as painstakingly patient on the one hand and physics
as clean and easy and overviewing on the other.

I don’t think either are terribly useful, right. What... I mean, how I... The, the... If
you want to do something new, right, intellectually and scientifically, you generally
are close to the edge of what one can do. That generally in my experience means that
you have to do a whole lot of really rather hard, generally quite tedious work. I mean
as an example, when I was doing the reconstructions of the Indian Ocean with John
Sclater, we wanted to do nice reconstructions and produce nice pictures. So, we
needed a big plotter to do this. And so we, here, I bought a, what’s called a thirtyinch plotter, which means that it was thirty inches wide, and it had a big drum on
which you put the plate paper, and it had little spikes at the edge of the drum, and the
paper had little holes. And so it rotated the drum and that moved the paper one way,
and moving the pen the other way, it had a, a, essentially a biro, a ballpoint, sitting on
a, on a, a little carrier, which was moved backwards and forward with a wire. So you
could get motion in one direction with the wire, and the other direction by rotating the
paper. But, this was an early design of this thing, and what would happen, well two
things would happen. One is that the paper actually would not stay, right, the spikes
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wouldn’t stay in the sprocket holes. And of course as soon as that happened,
everything was wrecked. The other thing, the other problem with it was, that it took
an hour or two to make one of these plots, and if during that time somebody else’s
programme on the computer crashed, then your plot was ruined for that reason.
[58:13]
So, we, I did all these plots at night, because there was somebody called Aarseth who
was an astronomer, and he was doing what’s called the Many-body problem, which
was looking at how many stars interacted with gravity. And these, this program of
his, when everybody else had finished, they put this on, and ran it, generally from
about one in the morning till seven or eight in the morning when everybody came in
to work. So I always put my plots on when Aarseth was running this Many-body
problem. But the sprocket holes meant that you actually had to stand there and make
sure with your finger that it stayed on, on the thing. And this would then mean that
from about one till three in the morning, right, probably two or three nights a week, I
would stand there and make sure that the paper stayed on its sprockets. And, about
half the times it worked, and half the times, right, the plot was ruined. And this took
probably about six months of my time to do this. And the result was, you know,
beautiful, they were then redrafted of course on... because we, we thought, you know,
it didn’t... It was a ballpoint pen so they weren’t publishable, but they were really
accurate and really precise, so, we could then redraft them and make beautiful
reconstructions of the Indian Ocean. Well this is typical of the sort of effort that you
need to do right at the, you know, if you, if you start off on one of these things. And
similarly with the, with the, the earthquake mechanisms. And nowadays it’s
geochemistry that is, is equally tedious. And this is more or less inevitable at the
beginning. As soon as it becomes easy to do, everybody does it, and then, you know,
once everybody is doing it, well, yup, you’re no longer special for having done it. So
you’ve got to get on with it really.
[01:00:20]
The thing which I would say, which is, has been a very important distinction, is that,
what I always try to do is to produce the simplest model which contains the physics
that I’m interested in. See how well that does. And, the, the difficulty there is, that
often the simplest models are not that trivial to actually solve, to see what the
consequences of the trivial model is. But it looks, I mean once you’re done, it, it
looks completely straightforward, so it has this sort of, image which came through in
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The Day the Earth Melted of really being simple and trivial. It isn’t, right. Getting
actually these things to work properly is just as much hard work as doing the geology,
but it’s all concerned with really trying to, to make sure that, that you find out the
consequences of the simple models, and that those consequences are not at risk due to
some approximation or the fact that you use the computer or a tank or something to
solve it, right. It’s not really a matter of effort; it’s a matter of, of, you know, the, the
effort is similar to that of the geologists, actually in some cases worse, as I just
describe, but it’s... And, I mean, also on the Indian Ocean project, when we were at
Scripps, the only time we could get to, to reduce the data, was also in the early hours
of the morning. So, John Sclater and I spent day after day, week after week, reducing
this data on the, on the computers there, just to get magnetic anomalies plotted at
right-angles to the track
[01:02:09]
It’s a major undertaking to do this, right, I mean, and this is fairly typical of what, you
know, doing proper science is like. I mean, you’ve got to be convinced really I think
that what you’re doing is really the only way of doing this. And I... I’m lazy. I
always try and do the simple thing, and try and avoid doing this, but, you know, when
you, when you’re actually faced with it, you’ve got to get on with it. If that’s the only
way you can find out these things, only way you can find out how the continents
deform is looking at earthquakes, well you’ve got to look at earthquakes, you know.
So, I think that, that the distinction that David Sington drew is really not correct.
What I would distinguish is between, you know, geologists who are making primary
observations, not directed by a simple model, and the sort of things which I do which
are very much directed towards using the simplest physical model I can come up with,
to sift the primary observations into those which are not going to tell us anything new,
and those which don’t fit the simple model and therefore contain new information. A
rather long answer to your question, but...

Very good, thank you.

[laughs] That’s the best I can do I think. But I, I, I mean, you know, David was, I
mean he made a very good programme I think, but, but, I mean, it was, that was, that
part of it was not to my taste, and, and did not, as you imagine, make me popular with
the geologists.
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[01:03:50]
Mm. What was their response then, now that you can...?

Oh their response is that I was arrogant, which... I mean, in some sense I am, but, I
mean, you know, as I said in one of those other programmes, I’ve been too successful
not to be to some degree arrogant, but, I’m not arrogant about my, you know, success
in understanding things, right. I mean, yes I’ve made progress, but, you know, as
soon as you do the sifting, you have as many things left over that you haven’t
understood and haven’t got part of the thing, as you have understood. But it does
certainly direct people’s attention away from for instance producing plate
reconstructions of the oceans, which is really done, right, to, you know, worrying
about what happens on ridges, how does the melt escape? That sort of thing.

Yes, I was surprised about that. In that video that you just mentioned, which is the
Turning Points one, we don’t hear the question, but you’re on the punt and you say,
you’re talking about arrogance, and you just said the sorts of things you’re not
arrogant about. What sorts of things do you think that you are? What did that mean
when you said...?

Oh, the... I mean, for instance, at the beginning of plate tectonics, I was completely
sure we were correct, right. And I, I was completely dismissive and rude, right, to
people who, who produced objections which were not based on, on understanding the
theory. They were just simply stupid and wrong. And so, so I, [laughs] I more or less
said so. ‘Look you don’t understand it. Go away and read it,’ you know. Well that’s
an arrogant thing for somebody twenty-five years old to say to the major figures in the
subject. And I had no hesitation. [laughs]

[01:05:32]
Do you remember doing that in...?

Yes, yes, yes absolutely. Absolutely. In public. I, I got a dreadful reputation. There
was a meeting at Harvard, and it must have been 1970 I think, and, I went there and
talked about, essentially the whole theory. And, one of the major professors at MIT
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had done something which he thought was plate tectonics, and all the calculations
were completely wrong. And, I had refereed this paper, and pointed out to him, first
of all that they were wrong, then I did... And, he had been doing numerical solutions.
I then did, and this is quite technical, the analysis of the numerical methods that he
was using, to show that they didn’t work as a referee. And did quite a lot of work on
this, and, and produced some plots which showed that what he was saying was
completely wrong. Sent all this in to the editor. He and the editor then published this,
right, unchanged. They ignored everything I had said. Well this made me sufficiently
angry, right, that I thought, right, I will publish my referee’s report. And I sent that in.
And this meeting at Harvard happened, I think after I had sent it in but before it was
published. So I was hopping mad with this guy, that he gave the same talk there. And
I stood up, and showed the pictures which were in my thing, and said, ‘Everything
you’ve said is wrong.’ [laughs] 700 people in the audience, twenty-five years old,
nobody ever heard of me really, right. And, and, you know, I was known thereafter
as, as really one of the nastiest people in the whole subject.

Did that affect invitations, or the way that you were treated?

No. No. No. No, no. I mean, we were so obviously right, you know.

Mm.

And it went from being... No. I mean, what it did affect was, that people were very,
and still are, very very frightened of me, right, until they get to know me. Because,
you know, I’m as forthright in public, right, at conferences, as I am talking to you.
[laughs] I don’t see any reason not to be. But it, it’s not... I mean, it’s... Particularly
from, you know, an upper class Englishman with a posh accent like me, it’s not
expected by anyone that I would be quite so brutal. [laughs]

Mm. Yes, but expect a kind of, genteel politeness.

Yes. Yes, yes. And I, I mean, you know, socially I’m like that, but, but intellectually,
no. I mean there’s no point.
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Mm.

You know, you don’t... It’s hard enough to get it right, and it’s hard enough to, to get
through to people what’s right. No point being genteel, you know. Call a spade a
spade. And I... You know, the other thing I do is, if I’ve got it wrong, right, I am
quite frank about saying that both in public and in press. If I’ve gone wrong, I say,
‘Look, this is wrong.’ And I’m just about to do that, in quite a grand fashion actually,
and, that’s going to cause a great deal of trouble, right, because... I don’t know
whether you want to hear about that.
[01:09:03]
In 1980 it was I think, I had a bright graduate student who is now a professor at
Leeds, called Greg Houseman, and, what we were interested in was, if you... and this
was in the early stages of continental tectonics, what we were interested in was that,
there are certain places like Tibet where the continents have been shortened. And,
the, the flip side of that was the sedimentary basin, and I’ll talk about sedimentary
basins in a minute, where, you know, where the continent is stretched, and so is the
whole of the lithosphere, the whole of the plate is stretched. And that produced an
extremely simple model of sedimentary basins which is unchanged to this day and has
been extremely successful. So, we thought, well what about the other end, right? If
we take a piece of lithosphere and shorten it, what happens? And it was clear to us
what was going to happen, which was that, if you make the, the, the, the cold layer at
the top of a convection cell double its thickness, it goes unstable and falls off, right,
because it’s dense and it can fall off. So Greg did a whole lot of very nice, simple,
numerical experiments on the computer, of taking a convective pattern, then
essentially shortening it by a factor of two, and seeing what happened. And that’s
actually quite an easy thing to do on the computer; it wouldn’t be jolly easy to do in a
tank, but it’s easy to do on a computer. And it behaved just as we said, right. And it
al fell off, and the, the bottom of the plate got, actually it was hotter than it was at the
beginning because the, these sinking regions really stripped the whole of the cold stuff
off, so it was very violent, and happened very quickly. And this we said was the
explanation of why Tibet was hot, and why it went up in the air, because, you were
replacing all this cold stuff by hot stuff, and that caused it to be elevated. The part of
the elevation is due to the fact the crust is thick, but there was also at that time a view
that it was low for a long time and then suddenly went up in the air. Now, that... And
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that paper is one of the most cited papers that I and Greg and Peter have written, it
must have now probably 500 citations, something like that.
[01:11:50]
And then what happened is that we got, in the last three or four years, got a new
technology, which is that we can now look at the thickness of the plates, using the
propagation of surface waves. These are things like the waves on the sea which,
which are trapped to the surface of the earth. And we can now see that, no, nothing’s
fallen off the bottom of Tibet. The cold layer is there, and it’s, it goes right
underneath the whole of the plateau, comes back out the other side, and the thickness
of the plate beneath Tibet is the thickest on the planet. So we were completely wrong
in the first place. Why we were wrong was that we had only worried about the effect
of temperature on the density, and not composition. We can see from the composition
of the volcanics that come up through Tibet that the region underneath Tibet has had a
great deal of melts removed from it, and this has meant that the residue is light, and if
you do the calculations you can see that the residue would not sink even though it’s
much colder.
[01:13:07]
So, the first paragraphs of this paper I’m just, I’m going to write in the next two
weeks, right, essentially will explain what I’ve just explained to you, and say, this is
why we were wrong, it was because we knew about the temperature effect but not the
compositional effect. And if you worry about the compositional effect, then, the rest
of the paper will tell you what happens.

Mm. Well that’s sort of OK then, because you’re sort of, saying that you were wrong
but then saying...

I don’t mind being wrong. I mind being stupid, right. [laughs]

Mm.

There was no way that the three of us could have known about this in 1980, right. We
needed a lot, we needed to be able to model the geochemistry, and we needed, I mean
the, the surface waves involve us look... I mean involved us modelling something like
100,000 seismograms, right, and, the amount of data, Keith has used about ten
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terabytes of data to do this. Now all of that would have been completely out of... you
know, it couldn’t do this without the networks, without digital seismograms and
without our understanding of geochemistry. And we had none of all that in 1980.
[01:14:27]
So, no, I was wrong but I wasn’t stupid, right. The other two, Peter Molnar and Greg
Houseman, won’t accept what we’ve done, interesting. They are sticking by the old
model, and it’s quite definitely wrong. [laughs] So this time, I’m the old man against
the... [laughing]

Yes, how are they going to feel when this...?

Oh they know all about it.

Mm.

And I can’t convince them to stop publishing papers on the other, right. I don’t know
how they... I mean, you know. I suspect they will stick to their guns, and try and, try
and put a spike in what we’ve done. I don’t think they’ll get very far.
[01:15:14]
Now, speaking of very long...

You wanted me to talk about sedimentary basins, yes?

Yes.

Sedimentary basins was, it took us so long to get there, it took me so long to get there,
because, really of the success of plate tectonics. When we first started looking at the
continents, we were all of us I think so impressed by how successful the notions of
plate tectonics in the oceans were that we wanted to interpret continents in terms of
plates and plate boundaries. And, it took really ten years of research for me to really
come to terms with the fact that it didn’t work. I knew it didn’t work, because the, the
distribution of the earthquakes in continents is over very wide regions. But actually
then thinking through the consequences of that, when we were all so preoccupied with
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plate tectonics, I mean, it took a long time. And the penny didn’t really drop until,
until about ten years after I started, it was late 1970s. And I had gone, I had taken a
sabbatical for a year and I had gone to MIT to work out all the earthquake data which
I had collected over the previous ten years on the Mediterranean, and one of the
regions where we had lots, I had lots and lots of earthquakes and lots of mechanisms,
and knew really what was going on, was the Aegean. And, the Aegean, once you
plotted it all up, it was quite clear that the whole of the Aegean crust, continental
crust, was being extended. And you could see this, you know, you can see it in the
topography, if you just look at Greece, if you just go there, then you can see these
normal faults all over the country, and you can all over western Turkey, and you can
see them all over the sea floor in between, all the islands are essentially the foot walls
of the big normal faults, which move. So the whole of the topography, all the
geomorphology, was controlled by this faulting. It wasn’t due... The, the fact that it
was distributed over a region of about 400 kilometres by 400 kilometres was not due
to errors in the locations, we knew where these earthquakes were, really pretty
exactly, and quite a number of them actually broke the surface and you could go there
and photograph people standing with their foot on each side of it. So there was no
doubt about where they were.
[01:17:53]
And, it slowly dawned on me that if the crust was being stretched, over 400
kilometres by 400 kilometres, the whole plate had to be stretched too. You couldn’t
just have some sort of, you know, sliding layer, you know, with, with, you know,
some sort of plastic film which you put all over the Aegean which allowed the, the
crust to break up but the plate not to. It had to go right through the plate. And once
you had, once I had that idea, it was very obvious, because, if you stretch the whole
plate, and you make it thinner, then, you make the crust thinner, and you make the
plate thinner. And the effect of making the crust thinner is that the surface actually
goes down, so you develop a hole. But the stretching of the plate replaces the bottom
part of the plate which is cold with hot material from the upper mantle. So once you
stop stretching, then that part cools and the whole basin then subsides but without any
faulting. It just slowly goes down. And if in places, places like the North Sea, right,
there’s a lot of sediment coming in, and that sediment can keep the thing filled up to
sea level as it subsides. And furthermore, we even, by that stage, knew that the way
in which these things, these basins subsided, was exactly like the way in which the,
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the sea floor subsides after it’s produced on the mid ocean ridges. And this was a
great confusion, because, I mean, quite clear that the North Sea is underlain by
continental rocks, it’s certainly not a piece of sea floor. So why did it go down in
exactly the same way as the sea floor went down? And this was a terrible puzzle,
right. And this idea explained, you know, the initial substance which the oil people
knew about, this continued substance, and why the thing could stay filled up with
shallow water sediment even though there’s perhaps five... in the North Sea there’s
about five kilometres of shallow water sediment in the thing. So it explained all the
observations in the simplest possible way.
[01:20:11]
And, and [un]like plate tectonics, this idea caught on with the oil companies instantly,
and even before the paper was published, all their research groups coded this up and
used it to think about the sedimentary basins. It was just instant, right. I never had an
idea so widely adopted so fast. And, it’s, it’s gone on, I mean it’s, it’s the most cited
of all my papers, that one, largely because I never published any more on it, I mean,
you know, the... I was not originally, I mean my interest was continental tectonics,
not sedimentary basins; at the time I was doing this work, everybody and his aunt was
working on sedimentary basins, and I said, I didn’t want anything to do with
sedimentary basins, because, it’s far too competitive, far too many people working on
it. And, you know, the idea came absolutely from the far field, I mean it was, was
concerned with earthquake mechanisms, in a region which has not yet turned into a
sedimentary basin. And it’s the, the, it’s a best example, in all of my work, of, of
how, you know, until you’ve got an understanding of things, you don’t know what is
going to be the most commercially important part of it. And, you know, it’s quite
cheap to have me look at, at earthquake, look at, at seismograms when I was in the
States, I mean the whole project never even, I never even applied for a grant to do it, I
just did it when I was in the States. And out of that came a, an understanding which
has probably saved the oil companies, you know, £5 billion, something like that,
because they’ve got an understanding both of the substance, also of, of the, the
temperature evolution of these basins. And they exploit it all the time, right.

By not drilling in places where there wouldn’t be oil and that sort of thing, or?
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Well, no, it’s, it’s... When you have understanding, it’s never as direct as that. It’s
just that, this is the way you think about sedimentary basins, right, and into this model
you, you know, you bring in all the other things you know about what happens, to
look at for instance the amount of stretching which is going to tell you, you know,
what, how the faults move, what the heat flow’s going to be, what the substance is
going to be, so you can calculate if you put some organic rich material into your
basin, how, how will it subside, and how will it heat up, how will it generate oil,
right? And so, for instance, you know, if, if, if you don’t stretch enough, then the
substance isn’t going to be enough to take the oil, to take the source rocks to a high
enough temperature to generate the oil. And that’s actually the problem round, round
south-eastern China. Good source rocks, but they’re not quite hot enough, right.

[01:23:05]
How did you feel about publishing that, and then it becomes sort of, mobile doesn’t it,
it can go, your knowledge can go where it likes. As you say, the oil companies’ own
scientists sort of, go on it like a sort of, wolves on a carcass if you like. And, and how
did you feel about the fact that you then sort of, lose control of it and, I suppose
people are making money off it, and, and then it’s sort of gone hasn’t it? It’s, it’s not
attached to you any more.

Yes. I, I would... I mean... Absolutely. I didn’t feel quite that way. I, and it was
soon after that actually, I thought, well, maybe I should start a little consultant
company, which I did, but, what they wanted, what the companies wanted, was not
somebody to train them to think, but somebody actually to do the slog of producing a
report on a particular basin. And that I wasn’t interested in. Looking back on it, the...
I mean, the commercial rewards I’ve had, both from the oil companies and from
academic life, from actually producing this, this theory, right, have come in a
completely different way, right, and they’ve come all right through winning prizes
and being on, for eight years I was on the Technology Advisory Council at BP, and
BP also set up a, well gave, and it was one of the people I worked with actually,
Andrew Mackenzie in BP, and John Browne, they endowed a professorship and four
lectureships here in the university, in what’s called the BP Institute, right, which I
then built and set up. So, I mean, I personally have got quite a lot of money out of
this, but in a very indirect way, and the university has done extremely well out of it.
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And, about, oh, a month ago, and it came through just before the trouble in the Gulf,
BP endowed a professorship for me, right, in the university, which is, is, excellent. I
mean it saves the university money; it doesn’t actually mean I get any money, more
than the university was paying me. But, it’s all, you can’t split these things up.
[01:25:40]
And I am extremely glad that the science I have done has made such a huge
difference, essentially to wealth creation. Because, the £5 billion that they have
saved, right, I mean money is, is only a means of, of actually organising science, and
the fact that, that, you know, that BP and all the oil companies made all this money,
means that petrol is cheap, and I benefit from that as much as anyone else does. And
it’s only by using science in this way that we really can live the lifestyle that we do,
and keep control on things. And, that really is the, the, I mean, that’s a tremendously
important thing for, for, for particularly a scientist to realise, is, you know, not try and
make your money for yourself, right, but, you know, to, to do this and then say, look,
this is really important, right, for the, the welfare of, of the human race really, is to
actually, to be able to find minerals now, like, like we can find oil. And that’s the
next big thing which is just beginning, which is to use a lot of the techniques which
have been developed by the oil companies to find things like copper and titanium and
platinum and all these other things. And that’s proceeding apace, right. And that
should essentially reflect back on funding for the Earth sciences in the universities. It,
it’s, it’s not actually happened so much here, right. The Government is, is really not
very thoughtful about that. But, for instance in China, or in the States, very clear
connection.

[01:27:40]
Mm. I’m going to come back to a few things that you’ve mentioned...

Yes.

...on all of that. The first is, when you talked about the Aegean, you said that there
were various sites where you could actually see some of the things that were
important in coming up with this theory.

Yes.
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So, I wonder if you could give me a sense of the field work involved in developing the
theory of sedimentary basins, even if it’s a matter of telling me there wasn’t any.

There wasn’t any, no. I had published the paper in 1978. I had never been to either
Greece or Turkey; I had been to Iran but Iran is shortening, but I had never been to
either country at the time. Because, in Greece the problem was that, yes I would
indeed have been welcomed but I was sufficiently well known that the colonels, who
at that stage were the dictators of Greece, wanted to make use of, you know, bringing
international scientists to make them look respectable, and I wasn’t prepared to do
that. So I, I, I wouldn’t go there. Turkey was in the midst of, of really major troubles,
I mean, you know, the, the army was in charge, you couldn’t go there. So the first
time I went there actually to look at all these features was in, in 1979 I think, after I
had published the paper on sedimentary basins, and, it was quite staggeringly obvious
once I went there, with one of my graduate students who is now head of the
department, James Jackson, and we just drove around with, with, you know, a box of,
of, you know, reprints from people who had looked at these earthquakes, at the fault
breaks of these earthquakes, looking at them, and there they were in the landscape. I
mean you know, you don’t need to do anything. The, the scale of the thing, I mean,
typically the faults which are moving have an escarpment, right, on the front of the
mountain, which is perhaps a kilometre high, and it’s just simply the fault, right,
which has moved and brought up the mountain and there it is. And it’s got a little bit
eroded and there are a few trees growing on it, but that’s about all that’s happened to
it. It’s absolutely staggering. And the whole of, of western Turkey and all of Greece,
the topography that you photograph is the topography from the earthquakes, it’s
amazing.

[01:29:53]
Why hadn’t field geologists then developed this understanding, by looking at the
landscape?

Because... Auboin, who was a French geologist, mapped Greece, but he was only
interested in the rocks. And he had worked out exactly how that had happened, and it
was all by shortening and thrusting. And right at the end of his paper there is a
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statement that, in the last ten million years the place has been deformed by extension.
Just one sentence. Wasn’t interested in it.

Mm.

Saw it, wasn’t interested. The notion that, that the landscape was being formed, and
that you look at what’s happening now, rather than trying to reconstruct what
happened, you know, hundreds of millions of years ago by looking at the, the detail of
the rocks, that came in really with plate tectonics. Before that, nobody thought what
was happening now, really, was the key to the past. They should have done, because
the nineteenth-century people, the people like Darwin and, and Lyell, absolutely said
this all the time, but in some way, and I never understood why, this had sort of lapsed,
and, and geologists had slowly stopped thinking that way. So, yeah, they had seen it,
but they weren’t interested in it. They thought it was a different phenomenon. And
that’s really how it came about.
[01:31:33]
They also weren’t thinking in terms of, of, of plates, of lithosphere. I mean, the whole
idea depends on you really thinking about what happens to the mantle you can’t see,
right, because the plates are about 100 kilometres thick, and in the Aegean they’ve
been stretched by about a factor of two, so they’re now fifty kilometres thick. But, a
lot of the places where it’s really been strongly stretched is now under water, and the
land geologists had no means of, of seeing what went on underwater. And generally
when you stretch a lot, you go underwater and, and then you can’t see it, right. So
that’s probably why. But it was also a complete change in emphasis. And, before,
before plate tectonics got sorted out, people really did not understand that, the process
of mountain building produced earthquakes. There weren’t, there wasn’t even a clear
understanding that earthquakes happened on faults. There was a classic textbook by
Richter who, one of the chapters in that is concerned with earthquakes in Italy, which
were distinctive because they did not occur on faults. And, it was unclear as to how
these were produced, but maybe by some sort of underground explosions or
something. And that’s turned out to be simply bad field mapping, the Italian
earthquakes produce perfectly good faults but they’re right at the tops of mountains
for some reason we don’t understand. And you’ve really got to climb, and the people
were too lazy, they just didn’t go up there and have a look. [laughs] It’s... Oh it’s not
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entirely fair. The way in which they were found was by doing very careful
seismology, so that we knew exactly where to go and have a look, and once we really
pinned it down, then James and one of his graduate students went there and walked all
over the mountains and found all these surface breaks.

[Closed between 01:33:35 – 01:45:40]

In these eight years, what were the dates of those, just, or rough dates?

Ooh, I came off it, probably two or three years ago, so, I would guess it was from
about... Oh.

[pause in recording]

Ah, yes, I’m looking at a, a...

A clock which was given me to, to...

‘Technology Advisory Council, January 2001 to April 2008’.

Yes.

[01:46:11]
And what have, what have been your relations with BP since 2008, given that you’ve
just, you mentioned that they’ve endowed a, you with...

Yes, I haven’t, I haven’t had a lot to do with them since then. A little bit, but not
much. I mean the, the amount... When you’re on the Technology Advisory Council
you really see every aspect of that company. It was, I mean, it was somewhat of a
misnomer. We had a lot to do with, with hiring policies on, on that thing; a lot to do
with, with, with actually finances. I mean, it, it... At the beginning it was more
technology, but BP gradually, you know, liked what we said, implemented it, and
wanted us to have more and more role in, in the affairs of the company, which
actually rather frightened me. In particular, carbon sequestration, which they were
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looking into very closely, and all of that, all of those studies were passed in front of
the Technology Advisory Council. And it was extremely interesting, and, the... I
mean the real problem with, with carbon sequestration is not the, the, the technology
at all; it’s that people don’t want a few tens of millions of tons of carbon dioxide
sitting underneath them, right. And I can’t say I blame them. And there isn’t any set
of regulations which you can satisfy which allows you to pass the risk of having all
this stuff from the company to the State, and, you know, that’s the only way in which
it’s going to work, is, is if the State actually sets up a regulatory framework which it
imposes, which is quite strict, which allows then these companies to satisfy this set of
regulations, and then the, the risk of, of these reservoirs then passes to the State. And
the one, the only one which is really going ahead is the one at Sleipner, and that’s, the
Norwegian Government is, is doing it, and, of course, since it’s the Government doing
it, they’re taking the responsibility, and that’s really the only way in which it’s going
to get started I think. Because people are not keen on having this stuff. Because if it
gets loose, you know, it’s, carbon dioxide is a gas, and it’s a heavy gas, it’s heavier
than air, and it kills you. You only need ten per cent carbon dioxide in the air and you
die, and there’s volcanoes which, in central Africa, which have released large amounts
of carbon dioxide and have killed everybody by this. So, I mean the, the fear is well
founded. And somebody has got to take responsibility for it, and, and it’s a
responsibility essentially for ever, right, the stuff will stay down there hopefully
forever, so that... And, and clearly we’re going to get steadily better and better and
better at, at doing this sort of sequestration, and if it stays as, belonging to a private
company, then the State quite reasonably is going to say, ‘Look, you put that down
ten years ago; our standards are now much higher, you’ve got to come up to the new
standards.’ Well, you know, you can’t do that. That’s a completely open-ended
commitment forever, and, and no industrial company can do that. And nor should it.
I mean, you know, the State really has got to tax these companies, right, in a way
which is predictable, so that they actually can do calculations, and it’s got, if it wants
to sequester the carbon dioxide, it’s got to take responsibility for it, rather than
expecting commercial companies to, to do it. I mean it’s just the wrong way to do the
thing.

[01:50:15]
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How financially important was it for you personally working with BP? I suppose,
without prying, I wanted to know, what sort of order of magnitude greater than an
academic salary do you gain by being involved in the sort of company, and you can
answer that, generally, for the whole, all of the scientists there rather than just
yourself if you think it’s private.

[pause] We... At the beginning, we met four times a year for two days at a go. So...
And it, it... I always went there and spent the day before the meeting in the place so
that I could change my time zone. So it was really, it amounted to about a week by
the time you’ve done the travelling. So it was about four weeks. And, I mean, what I
can say is that, that it’s by far the best paid four weeks that I, I’ve ever had in my life.
It, it was, I mean... And, it, it did, it was a, a substantial sum, but it didn’t really affect
my standard of living. Towards the end, because we were successful, it grew, and I
think in the last year, I, I think, I went to eight meetings. And then it was starting to
be a major imposition, right. I mean, I couldn’t have gone on doing that and really
done my research and my teaching and my lecturing. I, you know, I, I was only
happy to do that for a year for, because I knew I was coming off.
[01:52:15]
As... I mean, I, my interest in doing it was not really the commercial side, not the fact
that I was paid well to do it. I had always wanted to see what it was like to be, you
know, a high up employee of a big multinational company. And this was wonderful,
because it, it meant I could do that without actually giving up my day job, right, and I
could actually satisfy that side of my curiosity and interests without leaving my, my
university job. I suppose the other thing to say is that, in the, the last twenty years or
so, the, the pay of the top academics like me has more than doubled, and from being
rather poorly paid, I would have said now there’s a small number of people, at this
university and elsewhere actually I know also, who are really quite well paid by
anybody’s standards. Your heart does not bleed, right, for the... I mean, the problem
more is that, that... the same is not true of junior academic jobs, they’re better paid
than they were when I was a junior academic, but, the, what’s happened to the house
prices in Cambridge and London and places like that is, is, they’ve gone up so much,
that actually, I think the junior academics are certainly no richer than it was when I,
than I was when I was... And, you know, private schools, things like that, are
extremely expensive. So it’s, I think it’s hard on the, on the junior academics. But
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the senior ones, you know, senior and elderly, are now I think really very well paid.
They more or less had to be, because, I mean at this university anyway, there came a
stage when about half the people we offered professorships to turned us down, and
that really sent, I mean that frightened the university at the top.
[01:54:37]
You can’t, I mean, it doesn’t work simply to pay the people who are coming in double
what the people who are already here are, if the people already here are at least as
distinguished as the people you’re bringing in. You have to keep an equality of that
otherwise, you know, everybody just moves. So they were forced into doing that. It’s
much more market forces. And, because the scientific language is English, and
increasingly, you know, in somewhere like, you know, well even now China, or
Holland, or somewhere like that, it’s perfectly all right to give your lectures in English
to the undergraduates, they all now have to learn English to that level that they can do
it. So you are really transferable, right. And the amount of money that is now
floating around for, for academics who have got a, a long and a good track record, is
very large. I mean, I could certainly double or triple my salary by doing that. I have
no intention of doing so, I’m perfectly happy here. But you know, it’s become a very
fluid market, and, I haven’t quite understood, I mean it’s, it’s, I think it’s prestige as
much as anything, that people want to have in the university people whose names are
known, right, to the, the world in which they operate. I’m not sure that it actually
does the university good, but it, it does... I mean, I think it means they can attract
bright young people, right, who they also pay, but nothing like what they pay the
grandees.

[01:56:15]
And, you’ll be aware of course that, multinational companies are often depicted in a
rather dark way, especially oil companies. I wondered whether there were other
aspects of your work that made you uneasy. You’ve mentioned the, the sequestration
of carbon dioxide but that was partly because you felt that it was almost a...

No no, that didn’t make me uneasy. That, that... The problem with that was that,
nobody could go ahead, right.

Mm.
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Because of, of this problem of... I mean, you know, and it’s stopped, as far as I know
it stopped every company worldwide from being able to go ahead with, with even the
preliminary bits, and, and that’s crazy. We’ve got to... I mean if we’re ever going to
do it, we’ve got to find out more about it.

Mm.

And all, all the companies I know of have hit the same roadblock, that they thought it
was technology, they thought it was economics, they get that sorted out, and then it’s
the regulatory stuff, and they’ve had it.

Mm.

[01:57:13]
The... [pause] The... The, the population as a whole has a, in my view a rather false
idea of what it’s like to be at the top of one of these big oil companies. It’s an
extremely stressful and uncertain position, right. And what’s happened to Tony
Hayward in the last year illustrates that, and this... and what happened to John Browne
before that illustrates it. These people are essentially between the shareholders and
the Government and the public, and they feel all these pressures all the time. My
feeling about all this is that the right thing to do with big companies is to control them
by taxation and by regulation, and then to benefit from the fact that if you give them a
controlled environment like that, they will then try and make the oil as cheap as
possible. The fact that they’re producing the oil is, they’re doing it because people
want to drive their cars, and switch on the lights, and it’s no good people making a
tremendous song and dance about how wicked the big oil companies are about
exploiting natural resources, if they want to continue to drive their cars and turn on
their lights. They’re just, you know, putting, they’re just like ostriches, they’re
putting their heads in the sand. It’s their money which is actually driving this
industry, and if they don’t do that on a large scale, the industry will stop. And the fact
that the industry has kept the price so low just means that we can all live the lifestyle
we’re accustomed to. It’s no good us making a lot of fuss about that.
[01:59:15]
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But, they... I mean, the other thing to say is that, particularly BP is, at the higher
levels, the people are really concerned about what they’re doing, and want to look
after the environment and things like that, as much as they possibly can, right. It’s
their job to produce oil cheaply, but, you know, not at any cost. And their, their, I
think their, one of their major concerns is not the obvious one, about destruction of the
environment; it’s about the fact that a lot of the oil that they’re producing comes from
countries which have a very poor democratic set-up. And the money gets hived off by
a very small number of people, and put in Swiss bank accounts in order that they can
have an extremely high standard of living. And, you know, the... Finding oil in your
country in general does not, is not a good thing for you, right. If you... I mean, there
are two situations, the, the one, you know, which everybody says, ‘Well, yeah but
look at Norway.’ Yeah, but it’s essentially ruined, Norwegian, ruined the economics
of the country, you can’t do anything else in Norway except produce oil. The fact that
it hasn’t led to widespread corruption, is because it’s a Scandinavian country, but, it’s
wrecked all industry in Norway, right, because it’s put the exchange rate so high.
Places like Angola or Chad, right, the money just simply does not filter down. Nor
does it in Iran, right. So these countries, you know, the rich get extraordinarily rich,
on the back of the oil, but it just produces huge trouble. And one’s better off I think to
be like the Chinese or the Japanese, who have essentially few natural resources but
work very hard and, you know, everybody has the opportunity to get educated and get
a good job, and...
[02:01:39]
So, my friends in BP are really very concerned about that. And, they’ve tried to do
something about it occasionally but, it’s extraordinarily difficult to do, because, if you
try and do anything very much, then really you’re behaving as a, a, you know, as a
colonial master, you’re telling people what to do. And that goes so much against the
grain with them, quite apart from the fact that the people in the countries don’t want it
to happen. But it really bothers them, that this is what’s happening. And they’re
bothered about climate change too, but, I mean climate change is a, a very separate
issue really. I mean the, the.....

[End of Track 9]
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[Track 10]

The next sort of significant area of research you’ve been involved in is, I think
sometimes called melt generation.

Yes.

And is concerned with the way in which, I think, is concerned with, how can liquid
sort of hot material move up through a mantle that is solid, and you know it’s solid
because of the earthquake sort of thing, so, it’s almost like, how can liquid move
through a solid, I think.

The... My interest in all that came really from what Paul Gast did, which, I’ve now
remembered his name, and what he showed was that, these isotopic ratios and the
geochemistry meant that the regions which were producing melt to make ocean
islands, like places like Hawaii, that those source regions had been separated from the
material which melted to produce the, the basalts on plate boundaries, on mid-ocean
ridges, for round about 1,000 million years. And yet, all of this material was coming
out of the convecting interior, right, it wasn’t coming from the plates, it was coming
from the convecting interior. So, the convection stirs the mantle very vigorously, so
how in the world could this work? What was it about the convection which allowed
these regions to stay separate for, you know, huge geological periods? And this
seemed completely bizarre, because, you would expect the thing to be stirred, right,
and, you know, you get the same stuff out wherever you look. And you don’t. So,
this was clearly telling us something really fundamental about the long-term
circulation of the mantle. And, there are sort of... The, the... You’ve got to be a little
bit careful, because what you’re looking at is not a proper sort of drill core of mantle
material, but just what comes out as a melt. And so clearly what you would like to
know is, you would like to understand, is, how is the melt produced, how does it
separate, how is your sampling of the mantle actually working when you look at these
basalts?
[02:38]
And, I thought, right, I, I’ve never had a pretty good education in geology, and I
thought, oh, this is something I don’t know about. I’m sure that the petrologists know
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all about this; I shall go back and read the, the petrological textbooks. Which I did.
And there was not a mention of this problem in it. Not a mention, right. So I thought,
all right, you know, it’s a fluid dynamical problem, I understand fluid mechanics.
Why don’t I have a go at it from first principles, right, and go back to conservation of
mass momentum and energy, and see how far can I get, in terms of what happened?
And, I discovered that, even the governing equations of this process had not been
produced. So I went right back and produced a set of equations which actually could
describe what happens, right. And, the, the problem’s quite simple, which is that,
when the mantle melts, it melts, I mean, by a fairly small amount. I mean, we thought
then it was about five or ten per cent; we now know it’s actually much smaller. And,
this melt then is, is in the interstices between the crystals. It can only escape if the
crystals can, can themselves deform into the space from which the melt is, is leaving,
but clearly that can only happen if the melt can escape, right. So the two things are
absolutely inextricably linked, it’s a two-phase flow system, and you’ve got to worry
about both phases. You’ve got to worry both about what the solid does and about
what the melt does.
[04:34]
And rather to my surprise, you can get the governing differential equations by making
two assumptions. One is that, whatever happens down there, can not be affected by
whether you yourself as the observer walk. [laughs] Now that seems such a trivial
thing to say, but you know, no one would even dream of supposing that, you know,
whether I stand still or whether I walk, can affect what happens down there, right.
And yet that’s an extremely powerful bit of physics, right, and it’s quite surprising
that it, that the fact that it has to be invariant to a Galilean transformation, which is the
technical statement of what I’ve just said, is an extremely powerful thing.
[05:26]
The other thing is that, if the, the crystal matrix cannot deform, then the behaviour of
the melt has to be exactly like that of water flowing through a bed of sand or
something like that. And that’s been understood since the, the early nineteenth
century. There was a man called Darcy who was a Frenchman who was designing the
fountains at Angoulême in southern France, and he wanted to have a filter bed with
sand, right, to clean the water up before he put it through his fountain. And so he did
an investigation of what happened. And so, this is called Darcy flow after him. And
clearly if the matrix doesn’t [de]form, which the sand doesn’t in a bed like that, then,
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these equations have to go over to those, to the equations which were known. And
that’s enough. From that you can derive governing differential equations for this
problem, which I did and various other people did, in different ways, it wasn’t
immediately obvious that we had all got the same equation, but we had. And that then
allowed us to do the fluid mechanics properly of this extraction process.
[06:41]
And from that actually grew all the work which I then did on, on melting. Because
the, the petrologists as I say had not worried about how you did it. You know, they
had not worried first of all even about how you generated the melt, and then they
hadn’t worried about how it escaped. And this opened up really quite a large area of,
of the Earth sciences, because, you know, the one that concerned me was, was
essentially melting, but the same thing happens, the centre of the Earth is made out of
solid iron, and the core, most of the core is liquid iron and it’s crystallising out on the
inner core. Well that’s the same problem. There are lots of situations in which you
have two phases, you have a melt and a solid, and the solid is deformable, so that it
can compact and expel the melt.
[07:36]
So this was a new area of fluid mechanics. You can solve the equations, and they
have quite bizarre solutions, really odd, they, they will... You can have a, a region of
high porosity, a lot of melt, and provided it has a particular shape it will move through
the system just as a wave but leaving no trail behind it, it just moves, as what’s called
a solitary wave. And there aren’t very many equations which are known to support
solitary wave solutions. And this set of equations do, and they support them in one
and two and even three dimensions, and, the three dimensional solitary waves, which
are the only stable ones, are completely spherical regions of high melt, right.

[08:29]
What are the relations between this work and work on the flow of water within ice,
and on work on dislocations in crystals?

Well, water in ice is just... If the ice is deforming, as it does when you have pack ice,
they’re quite similar, though actually the behaviour of the, the brine bubbles which get
trapped in, in sea ice, is controlled by the fact that there’s an extremely strong
temperature gradient from the cold air on top to the warm water underneath, and that
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has more effect on their dynamics than does the fact that these things are heavier,
right. Because what happens is that, you have a bubble of brine, the temperature’s
colder at the top than it is at the bottom, so it freezes out ice at the top and melts the
bottom. So these bubbles of brine are expelled downwards, right. That’s the way
they go from gravity anyway, but it’s not gravity that does it, it’s the fact that there’s
this temperature gradient between the, the air which, you know, typically is minus
twenty or something, and the water which is close to zero, right. So that’s a slightly
different problem. Glaciers, the water in glaciers behaves in the same way as does the
melt in the mantle.

Mm. Because...

And that gets compacted.

The water moves between crystal boundaries and...

Yes. Yes.

Intersecting crystal boundaries, as the ice is compressed.

Yes.

Am I right?

Yes. Yes, it falls out the bottom. Because the water’s denser than the ice. So, that’s
where the, you know, that’s, that’s how, that’s why, you know, the, the snouts of
glaciers have rivers coming out the end of them, its because it’s all separated from the
glacier.

[10:10]
And Charles Frank’s work on the mantle?

Yes, Charles Frank did some of that. And so did John Nye at Bristol. And, one group
who were looking at these equations started from, from their ideas. The snag about
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doing that was that, it was very controlled... I mean, it wasn’t general, it depended
very much on what the geometry of the water was, right. Whereas actually, the
equations, you know, if you start from where I started from, of saying that it has to be
Galilean invariance and go over to Darcy flow, then all the details are of no
consequence, right. Those, these are the only equations that can, that satisfy those,
those properties. And those properties have to be satisfied, I mean, you know, you
certainly cannot change what happens there by, you know, walking around. [laughs]

Yes. I can see that, yes.

It doesn’t, it... [laughs] I mean, it sounds totally trivial, right, but it isn’t.

Does that mean then that the Nye and Frank work wouldn’t have explained the
generation of melt?

No, the... You get the same equations no matter where you start from, right. It’s just
whether actually the equations depend on the detailed assumptions or whether, you
know, they have to be of this form. And once we had the equations we could tell all
kinds of things, like, for instance, the amount of melt you can have present in the
melting zone is less than a tenth of a percent, right. It’s extremely efficient at
expelling the melt. So that’s why all these regions which are undergoing partial
melting, right, they’ll propagate shear waves through. They look like solids to the
earthquake waves, but, you know, because of the amount of melt is so extremely
small. And it, it also meant that a lot of the, the geochemistry then made sense,
because, the geochemists knew that, that some sort of fluid was involved, but it
couldn’t be a melt because they’d convinced themselves melts could only move when
there was five or ten per cent melt present. And that was pure prejudice. I went back
and looked at, dug out, I went right back looking at the, the, where that came from,
and it simply was that they couldn’t do experiments in the lab and see melt when there
was less melt than five per cent, so therefore it had to be five per cent before it could
separate. Just pure prejudice.

[12:50]
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That’s going back and looking through. Is that... In one of the videos you lent me,
you drive to Chicago and you were in a library and it’s very hot and you’re
photocopying data...

That was, that was this, this Galilean invariance, right, that was where I discovered
that, that actually, somebody had written down all the, the possible forms of these
equations, which were invariant to a movement of the observer. And so I took one of
these which was the one I wanted, because it went over to Darcy flow, and used that.

Yes I rather thought that was another example of painstaking work, the, [laughs]
literature searching.

I thought somebody had to have done something like this somewhere. So I spent a
week in those libraries. And they put, the problem was that they put the Xerox
machines, because Xerox machines produce a lot of heat, so they put them outside the
air-conditioning to save money, right, and so I spent a week in there where it was
never less than ninety, right. And you have this hot Xerox machine. It was dreadful.
And I, I did nothing except just Xerox and come home at night and drink fluid and
then go off the next day and do it. I didn’t read anything, just, just copied things.
And I found somebody who had done indeed exactly what I wanted. I wouldn’t say it
was painstaking. It’s, you know... Painstaking’s not... Painstaking isn’t the right
word. Determination is what’s much more... And a feeling that it has to have been
done, right, you know, most things that you want. If only you can find it, and this
was, this is why BP set up this institute here, right, if only you know, right, where to
look, you almost certainly can find what you need. But finding where, knowing
where to look when actually these people were, were not concerned with this problem
at all, they were just concerned with the mathematics. They wanted these, these
functional forms which were invariant. But, you know, it was all part of something
called mixture theory. And they weren’t concerned with, with using it at all. And
hadn’t derived the equations that I had derived.

[End of Track 10]
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[Track 11]

Now, I understand from speaking to you off the recording that you’re likely to have a
fairly strict limit on what you’re prepared to say in answer to this question, which is
fine, but I’ll, I’ll ask it anyway...

Yes.

...and then I know that you’re open enough to refuse to answer if you don’t want to.
But what I’m interested in is, the way that, in your case, your scientific career runs
alongside having a family yourself. There are a number of possible models that you
can imagine. The family come along with you on your scientific research trips and
show a bit of interest, or, your family life and your work life are completely separate.
You may have a child who as he grows up is very interested in your work and helps
you out on certain things, comes into the laboratory; you may have someone who, you
know, where you sort of engage with your family as a family and have your work
separately.

[pause in recording – telephone]

Yes.

Let me start at the beginning, which is really that, when I... I got my PhD in 1966,
and I got married in 1971. The period from about 1966 to 1969, I spent during that
period probably more than half of it in the US, and it was very solitary. I was
working extremely hard, I had few friends, and I wasn’t married, and I wasn’t even
going out with, with my wife. And that’s a period in which I did a great deal of the
work which later made me so well known. And by the time I got married in 1971 I...
You know, that was four years after the paper on plate tectonics. I had already got a
junior faculty position here. But I was being invited to all kinds of international
conferences as the major invited speaker, and my career was really made. So, I would
have said that by the time I got married, I mean, in simple terms, my career was
finished, right. I mean, not my intellectual curiosity about how to do things, but, in
terms of making an impact on, on the world of earth sciences and geology, I was
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 289
C1379/24 Track 11

extremely well known. And, I was still quite young, I mean I was, was what, twentynine or something, twenty-eight, twenty-nine. So, I never really worried about, you
know, doing the right thing for promotion or whether I was going to get a job and this
sort of thing. And that meant that, that you know, when I got married, really, I was
not, well I was a... I mean although I was very young, I was really a completely
established figure and it didn’t really bother me very much, you know, that I just did
what I wanted to do. I didn’t care whether it was to, to my advantage career-wise or
anything, I mean, it wasn’t going to make any difference frankly.
[03:28]
And, at the beginning, we had, well we’ve always had just about enough money, that
if Indira wanted to come with me on field trips and stuff she did, and, and I remember
the, the very first, and, it must have been just after we were married, I went to Iran
with her, right. And, she likes travelling around, likes going to these places, and likes
seeing the, the inside world of all these things. And, and most of the people who we
meet are, you know, essentially totally fluent in English, international, and you, you
get a, a sort of, inside view of these countries like Iran or Turkey or China or
wherever, in a way that you couldn’t possibly as a tourist. And that she’s always
enjoyed, and has become close friends with, with many of the scientists with whom I
work, and that’s been very, you know, very satisfactory. So, you know, friction, no,
not really. I mean the, you know, the... I... I’ve not felt pushed at all by my own
career, so that hasn’t caused friction, and, if she’s wanted to come with me, she
comes. And that’s been very satisfactory really.

Has she helped at any stage or in any way with your scientific work?

Not really, no. I mean she, she, she has a degree in English literature. At the
beginning she did a little bit of drafting of diagrams, but, but not much, no. No, I
mean she’s helped me by, [laughs] by being my wife. Keeping me sane. [laughs]
But not really by, not, not, not involved in that, no.
[05:15]
I mean shows... I mean you know, she’s always shown interest in what I do, very
much. And, you know, I, well I find it very interesting anyway, so it’s not surprising I
talk to her about it. And politically she’s, she’s... I mean I, I very much talk to her
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about, I mean, particularly as I’ve got older and, and more into the sort of,
management of things, I talk things over with her a great deal.

In terms of the management of a department and of...

Yes.

...university committees and things.

Yes. Yes. Yup. And the Royal Society.

And does... do you have interests outside science that are shared with Indira in terms
of sport and music, and films, literature, that sort of thing, the sort of hobbies?

No, I think I... I, I think I’ve said enough, I think.

OK, fine.

I think that... I’ll leave it there.

OK.

Right.

[06:12]
The next thing then is, is, if it’s OK, whether you could just give a sense of the effect
on, the effect on your career of having a child, of having a son.

[pause] Rather little I would say. Until James grew up and became... I mean, well, I
mean he, he was, I mean, he’s particularly into computers, and, I mean from quite an
early age, probably when he was six or seven, I have more or less depended on him
for advice and sense and software and, and, you know, looking after the machines.
And he still does that both for me and for Keith Priestley who I work with at the
department, and, and that’s been extraordinarily helpful. Because he’s extremely
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good at it. And, you know, now has a, a job running a rather large group now in
Citrix doing software development, and, he clearly is, you know, even by those
standards, extremely good at what he does, right. It’s the first time I’ve been able to
see a sort of comparison with, with, you know, what is the, the top commercial
enterprise. And he clearly is extremely good at it.

And, did you, do you have any sense of his reaction to having a father who discovered
the theory of plate tectonics and what a, a successful...?

I think he’s largely ignored it. [laughs] I don’t think it’s impacted on his life very
much at all, right. And I mean, I think he quite likes the fact that, you know, that... I
think he’s more, more, more concerned that... concerned with intellectual things,
rather than with, with, you know, making money and things like that, I would have
said that. And, I mean he’s, he’s musical which I’m not at all. But, I’ve never seen
that he, that he’s, he’s particularly bothered, I mean, with that. I mean, Cambridge is
a big place, I doubt whether many of his, his friends had any consciousness that he
was the son of one of the professors. I mean there is, you know, there is whatever,
15,000 undergraduates, 2,000 people on the staff, I mean, it’s a big place, I mean, and,
unless you tell people, they probably would never have known. Certainly his present
boss, who was, in Citrix, who was an academic, actually in the same college as me,
had not made the connection until I, I was, James said, you know, ‘Come along, we’re
having an opening day for this, are you interested in having a look round?’ So I went
and met his boss, and that was the first time his boss had ever realised that there was
any connection between us.

[09:28]
And to what extent... This is the last question on this. To what extent did having a
young child at home affect how you felt about, you know, going away to America and
using a piece of equipment, or going to speak to someone or going away to do field
work?

When I went to the States I, I was generally going on sabbatical, and, and I took
James and Indira with me. Field work has, I mean, you know, if I, if I am away for,
for three weeks, in, say, of the year, that’s about all, right, doing field work. That’s
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not ever really been a major, major thing. And, you know, even, I mean, because
Indira’s mother lives in Cambridge, I mean we could do things and leave James with,
with her, without any trouble. So, it’s really not had much impact one way or the
other, except to keep me sane, is what I would say.

[10:28]
Thank you. Now I’ve got two final areas of your career to talk about, to end this
interview. The first I think is important given the fact that this project is called The
Changing Planet, and you were involved in establishing the Department of Earth
Sciences at Cambridge, as opposed to individual departments of Geology, Geophysics
and so on. And I’m wondering whether you could... I mean in the, in the interview
with Alan Macfarlane, which I’ve got no interest in repeating of course, because
that’s already in the public record, you talk about how well that went really. But I
wondered whether you could say any more about difficulties related to the fact that,
disciplines may have had traditional kinds of enthusiasm for retaining their own limits
or their own identities.

[pause] The, the situation in the late Seventies was that, there were three departments.
There was a very small Department of Geodesy and Geophysics; there was a much
bigger Department of Geology, which at that stage was not particularly good; and
there was a Department of Mineralogy and Petrology which was separate yet again,
which was bad. The concern was, I mean our concern in Geodesy and Geophysics
with the amalgamation was whether actually we would become as, as, you know, we
would stop being good. And, the, the person who came to be... There was a change
of management, Alec Deer, who was head of Mineralogy and Petrology, retired, and
we offered it, we offered the post to someone from Chicago who came and had a look
at the place and said, ‘Ooh! it’s too awful, I can’t stand the thought.’ So that meant
that we had really, quite a bit of freedom, and we persuaded Ron Oxburgh to come
from Oxford to be head of Mineralogy and Petrology. And Ron could have easily
been Professor of Geophysics or Professor of Geology, but he really was not either a
mineralogist or a petrologist, so it only made sense if we were going to put the
departments together. And so Ron came and talked to us all about this, to see,
essentially, to try and get a feel for whether this was likely to be practical or not,
because, he didn’t want to give up his career in Oxford, take this job, only for it to get
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stuck. And what he didn’t know was that we had actually tried to do it ourselves
about five years earlier, but, the whole business of, you know, putting three
departments together in one, is, you know, within a university, is, is a bureaucratic
nightmare. And nobody really took it on and ran with it. So it hadn’t happened. But
there wasn’t really any resistance to it inside the department, and, the... So, once he
came and, and started to, to do things, and get us to think about this, he was really
pushing at an open door. And, there were... I mean, some people were a bit nervous
about what was going to happen. We certainly were at, in Geodesy and Geophysics.
But we were nervous more about things like the fact that, downtown they paid for
their Xerox copies and we didn’t, that we had telephones which we could dial
anywhere in the world in our offices, and because we kept all our offices unlocked we
had also put telephones in the corridors with a clock and a book so that anyone who
wanted to could dial up anywhere in the world and they just, you know, timed it and
wrote it down in the book. There was a complete sense of trust, right, which went
right through the place. And we were terrified that we might lose this, right. But
clearly from Ron’s point of view, you know, we, we were running the place perfectly
happily, these were not things that he, he needed to interfere about. He was
concerned about, you know, actually putting together a department of Earth sciences,
not whether a quite, physically separate bit had slightly different housekeeping rules
really. But how... The, the feeling was extremely strong at Geodesy and Geophysics
that we did not want to be subject to the same rules. And once, I mean I really took
charge of the negotiations, and, and once one saw basically how trivial all this was, he
said, ‘Oh of course you can keep your own telephone number,’ so that people can dial
up after hours, and, you know, all this sort of thing, you know, because it was, the
amount of money was totally trivial, right, it was just nonsense. And once people
were happy about that, then...
[16:01]
I remember clearly we... What they were really unhappy about was being railroaded
into this. And so what I did was to get Ron and the, the person in the university, Ian
Nicol, who was, he was, a wonderful title, Secretary-General of the Faculties, sort of
grand dean, corresponding, and, we got them out in the afternoon, after tea, to come
and talk to us about how it looked from their point of view. And, it was quite
interesting, because quite a lot of people from Geology and Mineralogy and Petrology
came along, because, they felt they were being railroaded and they wanted to hear
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what was going to happen. So, it opened up the whole thing. And I remember the last
time we said, no, we’re not going to have any, at the last meeting, we’re not going to
have anyone from the outside. What we’re going to do is, discuss it among ourselves,
and everybody in the tea room on that day can then have a vote, regardless of, you
know, whether they were faculty or graduate students or anything, right. And we, so,
so we had that discussion, and, and we were all completely agreed, and it was
unanimous, and in we went. And after that there was no, you know, no sort of,
backsliding at all, everybody just simply then put their backs into making it work, and
we had no further trouble. Except that one of the people who was very strongly in
favour had forgotten all about the fact that he had to actually agree to signing a piece
of paper, right, which transferred his appointment from, in this case Mineralogy and
Petrology, to Earth Sciences, right, and he had to be reminded, because, [laughs] it
was so much a done deal he hadn’t even bothered to fill in the form. But there wasn’t
any resistance really anywhere. Because, really, it was not imposed from the top, it
was our choice.
[17:56]
And I would have said that the, the fact that plate tectonics in particular had
intellectually a major part to play in this, in terms of, it really stopped people being
able to, to think that they could study their little bit of the Earth in a separate way
from anything else. I mean, the whole notion of doing that, well I’ve talked about
melting, I mean clearly, the way I was looking at melting was, first of all it was
important for the petrologists to understand it, but it was absolutely part of how we
were thinking about how the Earth behaved and, and evolved over time. You couldn’t
separate it from any other bit of geophysics, right. And so, that feeling I would have
said has got steadily stronger, and it’s, the whole notion of trying to split the subject
up now doesn’t make any intellectual sense at all.

[18:58]
To what extent then when you were negotiating for the amalgamation into Earth
Sciences, to what extent did you make these intellectual arguments about the...?
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Oh not at all. It was, that, that was, was self-evident to everybody. The, the
negotiations were, I would say, [laughs] purely about housekeeping, right. I mean
that was what we were concerned about. And also, in terms of how we filled
appointments. There were two concerns there. The, the... Our concern was that, we,
we wanted the quality of the people we appointed in Earth Sciences to be much better
than it had been. And, the... So that was, that was the concern of, of Geodesy and
Geophysics. The, the geologists and mineralogists and petrologists I discovered were
frightened of something quite else, which is that we, being the most successful
department, and being small, were actually going to simply appoint people who were
geophysicists. And, I mean, once I discovered that, and said... you know, I wasn’t
even head of department, head of Geodesy and Geophysics, but, I was quite a
powerful, I mean I’ve always been quite a powerful influence, partly because, you
know, I get on, I’ve worked with all kinds of people, and I’m pretty forceful, right,
and I said, quite straightforwardly, that, I mean, that is absolutely not what we want to
do. We see the future as, as actually bringing physics into geology, and what we want
to do is to make sure that the areas of geology, right, which are... you know, that we
keep a really good presence in the areas of geology which are not yet like that, right.
And that’s absolutely what happened. And really I would have said the whole of
geology and mineralogy and petrology have become what I would call geophysics,
right, in the sense that, you know, both the technology is from physics and chemistry,
and also the concepts.

[21:07]
So when, at the beginning of this process, the, the person visited and found that the
Mineralogy and Petrology Department was awful, and you, you said that Geology
was not good, what was not good or bad or awful about them then? Through the
process they’ve been turned...

They weren’t doing interesting things, right, or modern I mean, Alec Deer, who I
liked personally very much, he, he was a petrologist, and interested in minerals, and
he had written a standard, I think it’s eight-volume textbook on all the minerals that
one finds in the Earth, and he would come in to give his undergraduate lectures, and
he would open the book at olivine, and then the lecture would simply be, reading out
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what he had written on the book on olivine. And the next lecture would be garnet,
and he’d do the same. And it’s quite easy to fill twenty-four lectures if you’ve written
eight volumes of the stuff, but it doesn’t make it very interesting.
[22:20]
And, I mean the, more to do with me, I mean plate tectonics was put together in the
late Sixties, and it was essentially no longer an interesting subject for research by the
early Seventies. I with huge effort got two lectures, two undergraduate lectures, into
the geology lectures, and this was in 1977. I went on sabbatical in 1978, and they
were promptly removed and not replaced when I came back from sabbatical. [laughs]
I mean...

But then...

That did not attract the undergraduates. [laughs]

[23:11]
Presumably then as, as this process came through, you were able to establish them
permanently in place.

Oh at once... That was quite funny actually. There was a course in the third year
geology which was compulsory, which was called Earth History, and what this was,
was, the stratigraphy, right, i.e. the age and type of rock, globally. So, you know, the
first lecture would be, what rocks were laid down in the Cambrian, Ordovician,
whatever, in North America? And then you’d do the same for Asia, you’d do he same
for Australia. And this course was compulsory, so everybody had to take it. And it
was loathed by the undergraduates. So the first thing we did in 1980, and I remember
it very clearly, we said, ‘We are not... we’re going to stop this course being
compulsory.’ One person registered. [laughs] So we said, wooh!, [laughing] we,
we’ve got this hole now in our... We weren’t going to give a course for one person.
So we’ve got this hole in the timetable. What are going to do? And it was third year.
So the only thing really we could do quickly was to collect together the, the people
who were doing research in Earth history, which is pretty global, and get them to talk
about what they were doing and why it was interesting. And this, we had I think three
or four days in which to put a course of twenty-four lectures together. And we said,
© The British Library Board

http://sounds.bl.uk

Dan McKenzie Page 297
C1379/24 Track 11

right, we’re not going to make it compulsory, we’re going to make it voluntary. And
this was a complete wow. Because of course, we got all the best people, you know, to
give two or three lectures on this thing, that you can easily do. And if it’s about your
own research, right, then, it doesn’t take a long time to prepare, you’ve got all the
slides and all the rest of it. And so that, you know, cut out, woomf! like that. All you
had to do was to say, you know, ‘It’s up to you whether you register.’ That was all
we needed to do. And they all voted with their feet. And that gave us the force to
change the thing. And we tried to change that for years, got nowhere. No no, they
had to learn, they weren’t proper geologists unless they knew the whole of the
stratigraphic column of North America.

Are you prepared to say whose course you were replacing, or...?

I don’t, I don’t even know.

Ah.

[25:41]
Because, the, the... I mean, I think quite a lot of them were involved. But, I mean it
was, it was... I mean, we were not... Geodesy and Geophysics were not allowed to do
undergraduate teaching in those days, because the geologists really wouldn’t have us
in. The first... I mean the, the beginnings of, of their troubles go back really to when
I was first appointed to the staff, because, there was then one little chink where they
allowed the geophysics to talk about what they were doing, and this was a, a lecture
course which was called Topics in Geophysics, and it was held at the most unpopular
time that the geologists could arrange, which was twelve o’clock on Saturday
morning, right. And, I being a new member of staff was volunteered to give this
course you see. And I thought, well, all right. I am going to give eight lectures, and it
was, because it was only on Saturdays, I’m going to give eight lectures on plate
tectonics. And, I’m not going to have, I’m not going to do it at twelve o’clock; I’m
going to start at half-past eleven and stop at half-past twelve, and then there was a pub
opposite, and I will, said, ‘We will retire to the pub at half-past twelve, and I will take
questions.’ [laughs] And, and, I was scarcely older than the undergraduates then, and
I certainly didn’t look it. And so this was absolutely, you know, every single person
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came and I, it was against the authority, and was something really brand new. And
the course I gave then, I mean, you could give it now without the least trouble, I mean
it was... Because by 1971 essentially it was all done. So, I just taught them the whole
of the, the modern theory. And, various people, like Mike Bickle and, and Euan
Nisbet, and, James actually, Jackson, I mean, all these people, you know, thought this
course was wonderful, and became essentially, you know, got interested in these
things from it.

They were undergraduates coming to the pub?

The undergraduates coming to the pub, yes. And, you know, that... And it, it, it was,
you know, the, the new theory was, was, was against all the established traditions, and
I was a young punk doing it. It had all the, [laughs] the elements of, you know,
undergraduate popularity in it. [laughing] Oh. But that was all we were allowed to
do until amalgamation. And once we were amalgamated, then, we just simply,
systematically went through all the courses and updated them, right, and, and brought
them to date, with none of this business as to, you know, you can’t teach it because
you’re originally a geophysicist, none of that nonsense. And the numbers went up
hugely, both as undergraduate, particularly the graduate students. And it was just a
roaring success from day one really.
[28:51]
And because it had been done openly, there was really no residual nastiness left over.
Unlike Edinburgh, where they did the same thing from on high, and the geologists and
geophysicists at Edinburgh wouldn’t talk to each other before the amalgamation, and I
think still won’t. And that’s, you know, that’s their loss really.

[29:17]
Thank you. And the final question is about the, the way that various television
programmes have presented you. Now, we’ve got, we’ve got a programme on your
wok on Venus, directed by Bettina Lerner; we’ve got a Turning Points, John Lynch,
film, which is centred on Madingley Rise but especially on you at Madingley Rise;
there’s a very long programme entitled Plate Tectonics which is another BBC one;
and then there’s the Earth Story films. Could you give us a, a... You may not
remember the exact dates but I notice at the end of the films unfortunately the date
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isn’t recorded, so, if you could give a, a rough date of each one, and say something
about the way in which you feel that you were presented as a scientist.

Gosh. [pause]

Turning Points is the first one presumably is it?

No. No, Plate Tectonics was the first one. And I would guess... Well it has to be
before Teddy retired. That must be... [pause] That was Simon Campbell-Jones, so it
must be, probably 1970 at a guess. Might be ’69. It’s early. [pause] Then Turning
Points, I guess Turning Points is, is early Eighties. Then, Earth Story with David
Sington was, probably... Oh, no, The Day the Earth Melted was the first one I did
with him, and that must have been, that’s, that, because it was, it was, Bob White was
involved with that. I guess that one was about, ’89, ’90. The Day the Earth... So
that’s The Day the Earth Melted. Then, Earth Story was, something like, I would
guess, about 2,000. Perhaps a bit before that. And the Venus one must have been
about 2000 I think. Probably... That’s, that’s at a guess.
[32:00]
The... [pause] I found making, I mean, I found the making of them was, quite
unexpectedly tedious. I had no idea that film stars, you know, you see a film star and
think... You have no idea, right, what the tedium is of actually making a film. And,
you know, a day’s work gets you about five minutes of film. And, and that really was
a revelation to me. And, you know, I was, was doing it because I had been asked to,
because I thought that the audience that I would reach would be enormous, and I like
the fact that, that, you know, people get to see on the television, which is a wonderful
medium for this, actually what is now happening at the frontiers of science. And the,
the Horizon films which, most of those were, either the Horizon editor made it or they
were part of Horizon, I thought that those... I mean I watched them on lots of subjects
myself, and I liked them very much, so I was extremely interested in, in being
involved. And, with all of them except Bettina Lerner on Venus, I was very happy
with, with the outcome. The, the producers really made an effort to understand what
the science was about, and to, to make it interesting to watch, and bring out, you
know, the, the parts that were understood, get it clearly done with good graphics, and,
and to explain what the controversies were about.
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[33:42]
But, Bettina Lerner really upset me, because, I mean, all... She was quite uninterested
in, in the science, and I objected extremely strongly. And, and actually the, the one
that was distributed in the States was changed in quite a material way, because of the
fact that, that I, and I don’t know whether other people objected to that, I don’t know,
but, I, I objected through David Sington, and, and you know, he guided me as to
exactly what to say, because he was also not, not pleased with what was done. I mean
it was not a professional scientific job.

And what specifically did you object to about that?

Oh just the fact that she wasn’t interested in, in the, in the scientific understanding.
She, she just wanted a, a sort of, you know, basically a shouting match, like you do
with politicians. And all this business of, of, of this sect, you know, the religious
sects, I’ve got nothing to do with religious sects. If she had told me originally that
that was going to be part of it, I would have refused to have taken part. I mean it was
all done really, you know, completely... And, and quite a lot of the cutting was done
quite out of context. And, and I really, I really dislike that, I mean it was all the tricks
of the trade used to produce what a lot of people actually found was a, an interesting
programme, but I really hated it, right. But I mean, in terms of audience, I mean, it
probably... you know, she, she got that absolutely right, I mean the, the, it was, oh, it
was sold all over the world. But, you know, to hell with that, I really disliked what
was being done to, to, you know, to, to, really to this subject, as much as to me.

Yes, because you were cut very sharply against Don Thirkettle...

No Don Turcotte.

Turcotte, oh sorry, Turcotte, yes. And not, and not purely through intellectual
argument, it was almost a kind of, a personal disagreement was being set up.

Yes. Yes.

To what extent did that exist?
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Oh, the... Don, Don and I have known each other for years and we get on absolutely
fine, but, you know, when, when you dis... when, when I disagree with people, and
when they disagree with me, we go at it, you know, hammer and tongs. Not... without
any personal undercurrent at all. You know, it’s, it’s a, a proper scientific argument.
And, and there’s no point beating about the bush, you know, the, the planet knows
what it’s doing; the question is, you know, have you got it right? And there’s no
point, you know, being polite, right, you know, you’ve got to try and actually get to
the bottom of it accurately. And I was fairly sure I was right, and, and that’s as it’s
turned out actually.

Because at the end of that programme you had Magellan magnetic data, is that right?
Was that it magnetic data, where they, they broke, they made the probe sort of,
decrease in speed so it went close to the surface of Venus so they could get... Or was
it gravity data?

Gravity.

Gravity data.

Gravity. Gravity.

[36:44]
And, at the end of the programme you had interpreted the gravity data as indicating a
thin crust, or a thin lithosphere...

Thin lithosphere. Thin plates. Yes, thin plates.

Which would allow heat loss without this sort of catastrophic falling in. And you
were saying you would love another probe. And then there were these Russians
sitting in a restaurant in Russia saying, well never get another probe because there
isn’t the space race any more. Has any more data been injected into this argument
since the end of that...?
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From Venus? No. The... That, that probe cost a billion dollars. The, the interest has
been since then with Mars. The problem about Venus is that the surface temperature
is about 400 degrees centigrade. The Russian landers lasted about, well somewhere
between half an hour and three-quarters of an hour. It really isn’t possible at the
moment to have power sources on the surface of the planet. So, our technology really
now stops us being able to put any landers down. Whereas on Mars, as you know,
there are all kinds of landers. And, there’s a great deal of interest in, in Mars. It’s a
very interesting planet, got all kinds of things.
[38:08]
The way in which NASA does these things has changed a little bit, and it used to do it
essentially with a, an in-house team, and then they invited people to join that in-house
team. But the decisions were really made by the in-house team, and all the data went
to all the, the outside scientists. What they do now is, they say, ‘We want to launch a
probe.’ ‘We’re going to put so-and-so much money into building spacecraft.’ And
then scientists actually put forward proposals to build the spacecraft, Sean Solomon at
Carnegie for instance put forward a proposal to build a spacecraft to go to Mercury.
And various other people put forward proposals to go to, to Mars. And, you know,
this is then like an ordinary grant, a very big ordinary grant, I think, Sean’s is
something like half a billion. But it’s under their control. Now, they are clearly not
going to give all the data in real time to somebody who has not spent ten years of their
life building the spacecraft. They want their results from it before they open
everything up. And, it’s a bit more complicated than that, because, the things that I
did with the gravity data, I could only do if I was involved in the, the, essentially the,
the reduction of the data at the time it was collected. You can’t do it afterwards. And
so, you know, either you are involved at that level, or it can never be done. And I’ve,
I’ve not been able to get any of that data for Mars, right, so, so I can’t do anything
with the Martian gravity in the same way. And this is sad for me, I mean you know, I
would have been quite interested in, in being more involved in, in planetary geology,
but, I mean I, [laughs] I have a certain sympathy. I don’t see why, you know, the
American taxpayer should put a billion dollars into a spacecraft only for Dan
McKenzie sitting in Cambridge, [laughs] who’s put no money into it at all, to go off
with some of the, the nice results. I think that’s entirely fair. The sadness to me is
that, that what I did is not actually now being done, right, so, we are learning less
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than, than we could about the inside, I mean about, essentially the mantle convection
in these planets, and, and that, that’s a disappointment to me.

[40:45]
How did you get involved inside in the Venus stuff?

Oh because, the, the, the project just simply said, if you’re interested in, in being a, an
investigator, apply. And, the rule then and still is, that if you’re not essentially
operating from inside the States, then, they can’t give you money, but you can apply, I
mean I applied to NERC and got, got money to support the research, and it was a very
small amount of money, right. And then I was involved, I was treated just like
everybody else. There was nothing special about the fact I was British operating from
Cambridge. In fact they were rather pleased because, you know, they got me for free,
right, they didn’t have to pay me. Whereas all the Americans on the project, right,
they could get money from the project, right, and you know, their salaries were not
small, the tended to be the rather senior people who were involved in this.

[41:50]
And is there anything different about gravity data collected by a probe going around
another planet, than the gravity data that you’d been used to looking at being
collected, say, by a ship or an aeroplane or...?

Oh yes, absolutely. Because, of course you can’t put a gravity meter on a satellite, it
will measure nothing, because the satellite is in freefall, right. So, you know, if you
measure gravity on the Earth’s surface, then, you know, as you, as you walk around,
the gravity varies, right, and you have a little, essentially you do it a spring balance,
and you measure the length of the spring. Well if you try to do that from a satellite,
your spring would always be zero length, it would not extend. So what you do is, you
use the, the orbit of the spacecraft to get the gravity, and that is quite a tricky thing to
do, because, the, the spacecraft in the case of Venus was sometimes at the other side
of the solar system. And the deep space, you can do it with Doppler, what you do is,
you measure the, the velocity of the spacecraft by the Doppler shift of, you have a
beacon on the spacecraft essentially, and you measure the frequency of that on Earth,
and that tells you the line of sight velocity, right. And the second... the first derivative
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of that is the line-of-sight acceleration which is the gravity, right. And the Deep
Space Network can measure the velocity of spacecrafts at the other side of the solar
system to accuracy and precision which is set by quantum mechanics, right.
Absolutely Heisenberg’s uncertainty principle. They did all the engineering so
carefully. So, that data is wonderful. And that was what I used to, to get the gravity,
in a rather indirect way, which, you know, was, was... That’s too complicated to
explain, as to how I did it.

It will be in your published papers though on...

Oh yes, yes, yah.

Yes.

Yah. Yah.

[End of Track 11]

[End of Interview]
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