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[Track 1]

Could you introduce yourself, please, Julia.

Yes. My name is Julia Higgins. I’m currently a retired professor at Imperial College.
I worked most of my academic life at Imperial College London in the department of
chemical engineering. Having started life, and we’ll no doubt go back to this, doing
physics at Oxford and going through chemistry departments in Manchester, and the
research reactor in Grenoble, as well as teaching for a couple of years. So all of those
perhaps we need to touch on at some point. I was born in Surbiton, [laughs] which is
not the most exciting place to be born in, and spent my formative years in New
Malden, Surrey, which is I consider one of the most boring suburbs of Surrey that
there is. I was born of a civil servant, my father was a civil servant, and my mother
had been a teacher, but she gave up teaching when she had a family and she never
went back. So I never experienced her as a teacher. But I think their respective
backgrounds made them passionately interested in education for their children, so
from one of the earliest anecdotes that I was told was that when I was born my father
– and I was the eldest, said looking at me as a scrawling infant, if she wants to go to
university, she will. Now he had not been able to go to university because there
weren’t funds, he’d had to go out to work at 18. So that was the point he was making.

[01:28]

So his father, just very briefly, was an interesting guy because he was born in India.
His – so my father’s grandfather was a sergeant in the Indian Army, his father was
born in India and came back when he was a young teenager, virtually without
education, so he was a self-made man, and I suspect therefore didn’t particularly value
university education, although they sent my father to a very good school. So he
worked, when he left school he worked very briefly for the Greater London Council,
and then for the whole of the rest of his career for New Scotland Yard as a civil
servant in New Scotland Yard, which always seemed quite a romantic background for
us. And he finished up as assistant secretary I think, second – 2IC the civil service in
Scotland Yard. So he actually took himself all the way to the top. I’ve often
wondered if he could have gone to university where he would have got to, because he
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would have started half way up, but he had a very successful career. And my mother
was a teacher, her father was an Irishman from an Irish farm, who came to London to
make his fortune, and worked all his life in retail, sort of department store type
working. Although he probably always hankered after horses and farms. Erm …

When were you actually born?

Pardon?

When were you actually born?

Ah, 1942, right in the middle of World War II. Of course, I don’t remember much
about that, although one of my very earliest memories was of air raid sirens, and I
must have been about two years old at the time. I can remember air raid sirens, and
everybody being frightened, and so therefore I was frightened. And I can remember,
I’ve a clear memory of going to bed in a shelter, which was the sort of shelter you
have in your living room, so I suppose it was just some sort of metal cage into which
we crawled to go to sleep. And I can remember my sister in a carrycot, and myself
crawling in there to go in to sleep. And I think that’s real memory. Nobody’s told me
about it, and I just have this vivid picture of it. So I can just about remember flags out
of the window for probably VE day, but I’m not sure which. And then bomb sites all
over London, because, you know, even in the suburbs where I lived, one of one’s
earliest memories is of bomb sites and of prefabricated houses, you know, it’s sort of
part of it. So I went to school, we were a Catholic family, I’m still a Catholic, and I
went to Catholic prep school, and then just jumping ahead, passed the Eleven Plus and
went to a girls’ convent grammar school. I had in the mean time, a sister who’s two
years’ younger than me who became a maths teacher, a very successful maths teacher.
A brother who became an architect, and is currently, for example, master of the
carpenters’ guild. So very – again, very successful in his career. And a younger
brother who has worked all his life with computing, he works, currently works for
Logica. He worked quite a long time in – he’s always been an international, the
computing that goes with international banking. So he worked for Midland Bank.

[05:15]
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So that’s a rough picture of the family.

You raised quite a few things I’d like to go back to actually if I may.

Okay, right. I thought I’d just sketch a few things there.

It’s give me lots to ask questions about.

Do you want to go back now?

Yes, actually.

Yes, go ahead.

Your father, what’s his name?

George Stretton Downs.

Could you describe him to me?

My father? Yes, he was a rather good-looking guy, with dark hair, brown eyes, fairly
dark skin. I take after him in skin colouring and hair colouring quite a lot. Highly
intelligent. What he studied at school, because that’s what you did, was classics and
Greek Latin ancient history, and would, had he gone to university, would have studied
law. But my impression of him, and all the conversations we had, is had be been to a
school where he was taught science, he might well have been a very successful
scientist. He was a very logical person. But he was never – I mean essentially
science didn’t even appear over the horizon, so he didn’t do science at all. My mother
as a teacher specialised in nature study, so if you like there was a certain amount of
science there. But neither of them had had any background and they produced, in
science, they produced one daughter who’s a scientist, one daughter who’s a
mathematician, one son who’s an architect, and one son who also read physics and
then became a computing expert. So everybody they produced was highly on the
© The British Library Board
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scientific numerical side. And I – that’s one of the reasons why I suspect the genes
were there, and that my father could have been a scientist, although, you know, he
never was given – he certainly wasn’t going round regretting it, but I think with
hindsight it would have been interesting had he been introduced to science.

You said he was a logical person, could you give me an illustration of how he was
logical?

I suppose the way he would plan things that we were going to do, plan things that
have to done about the house, planned finances, that sort of thing. He was obviously a
very successful civil servant because he got right up to the top. I can’t think of a
particular example of logic, it’s just – it seemed to me that we didn’t – we weren’t the
sort of family that had passionate arguments, we might shout at each other
occasionally, but it was more to do with, if you like, certainly as I got older, to do
with discussion. And he was very interested in what I did, and what all of us did. I
can’t actually think of a particular example of him being logical, it’s that that life was
carefully planned, you know.

You mentioned that he’d done classics at school, do you know what sort of school he
actually went to?

Yes, now it was a Jesuit school, Manresa House was the name of it. And it was
somewhere in Roehampton, but that’s all I can remember. But he was educated. He
was quite good at cricket, he actually got a scholarship one summer to do extra cricket
training, I do remember that. And all through my childhood he used to play football
on a Saturday afternoon. So I mean when I was quite small, so he was a reasonably
sporty type, and you can see that in photographs.

Did he have any other interests other than sport?

I don’t think he had much time. He read a fair amount, I know he always did The
Times crossword on the train going into London, because he worked at New Scotland
Yard, so he used to catch the train from New Malden to I suppose Waterloo, and walk
across St James’ Park to New Scotland Yard. I should perhaps add, he had very bad
© The British Library Board
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asthma as a child, and missed an entire year of schooling, which also interfered with
the going to university, the timescale was a bit wrong, because he’d just been out of
education for as long time. And he grew out of that. When I – as early as I can
remember, and I don’t – he didn’t have asthma, although very occasionally he would
get the short bursts of it, but nothing dramatic.

[09:39]

Could you actually describe your father’s personality in a bit more detail for me
please, you mentioned the logical, what else was there, what sort of person was he?

He was – he was, everybody would say he was a charming gentleman. I mean., I
think that’s how people would describe him. My school friends thought he was
extremely good looking and very charming, but he was charming not in the sense you
say somebody who uses it to get their own way, it was just he was just – he was
interested in people, he was very kind. When my brother gave the sort of funeral –
what do you call it, oration about four or five years ago, he said the most outstanding
thing was he was a good man. And I think that does encapsulate it, you know. He
worked hard for his family, he worked – he enjoyed things in life, he particularly
enjoyed his retirement because by that stage they had enough money to do what they
wanted to do. I mean, I think money was very tight when we were growing up,
because my mother wasn’t working, there were four children, and all of us were sent
to preparatory schools. They thought it would give us – I mean, they were quite well
aware of the Education Act and the grammar school, and the Eleven Plus, and they
thought if they give us the best possible primary school then we’d all get into
grammar schools, which we did. With hindsight, we might have got into grammar
schools even if we’d gone to the state schools, who knows, but they thought it was so
important that they really scrimped and saved to send us. And still as late as when I
was 16, 17, I remember being asked if I would like to go on a reading party, I was
going to be put in for Oxford entrance during my sixth form years, and I was asked if
I would like to go to on a reading party, I remember going home and discussing it, and
they said, no, we can’t afford it. And I don’t remember any, you know, I just
accepted that. I thought it was unlikely they could afford it. The next morning I went
to see the headmistress to explain that I couldn’t, and as I was there there was a phone
© The British Library Board
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call from my mother, she’d been talking to my grandparents who’d said they’d pay. I
have two very good sets of grandparents who helped a huge amount with the children,
and the education, and everything else.

[12:00]

So money was very tight until probably about the time I and my sister went to
university, and then he started to rocket up the scale, and by the time my little brother,
ten years younger, was – he had a completely different childhood than me, you know,
just there was much more money around. And so they – my father retired at sixtythree I think, and they had a very, a very good retirement. You know, they’ve
travelled a lot, and did a lot of things. So –

Why do you say money was tight in childhood?

Well, we were certainly not starving, but [laughs] I can remember being sent by my
mother to do some shopping, and I forgot what she’d asked me to buy. So I came
back with a jar of Nescafe, and what she’d asked me to get was a jar of cat food.
Now, and I can vividly remember she was very cross, because that upset her budget,
you know, it wasn’t a tirade or anything else, but it was something that actually struck
me. It was – we were never without what was needed, but we didn’t have anything
extra at all. And that’s what I mean by tight. So we didn’t have a car until I was
about twelve or thirteen when my paternal grandfather died, and my father inherited
the car. So then we had a car and we went out for trips. We had holidays
occasionally, we went several times to Bognor Regis where they rented a flat, so, you
know, I’m not talking about poverty line. What I’m talking about is not having a lot
of spare money hanging around. And quite a lot of it was going into paying for our
education of course. Now some of this of course is hindsight, I know more about it
now than I did at the time. But my sister and I, and my mother, made pretty well all
our clothes, the girls’ clothes for example. I learned to make dresses, and skirts, and
blouses, and until I went – until quite late on in life, I made an awful lot of my own
clothes. I used to say I really enjoy it, and then I discovered the pleasure of going out
and buying them, and not having to make them. But there is a pleasure in making
them, but actually it’s quite hard work, and it takes time, and if you can go out and
© The British Library Board
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buy what you want, and try different things on. I didn’t really do that until probably
until I went away and lived in France, most probably before even when I came back I
was still making quite a lot of my own clothes.

What do you like about making clothes?

Oh the creative thing, I like doing things with my hands, I don’t – as a scientist you
don’t actually, I mean I’m not – an engineer possibly slightly more, so I think the fact
that I finished up in engineering, this is in parentheses, probably wasn’t a bad thing. I
certainly was destined to be an experimental scientist, not a theoretic scientist I know.
So I quite like cooking, and I did like cooking. I like the satisfaction of making
something. I used to – I was no good at painting, at least not at school, not with
poster paints, but I used to get myself into the things where you did things with
scrapper board, or appliqué, or in the primary school I learned woodwork from a nun,
I remember making a whole lot of things with woodwork. So that I think was the
pleasure of – and then much later on, so we are jumping around a bit, I joined evening
classes, I did a whole lot first of all in France where our classes on batik, and then
subsequently silk screen printing, which was interesting to do. This is all where you
finish up making things. And then when I was back in England I joined classes
making pottery, and that’s fantastic, because it’s really physical, and after a day
thinking you can really get into it.

I’ve never really been much of a person who makes things, what’s the attraction
there?

Well there’s a huge sense of achievement at the end, and if it’s anything like what you
intended it to be, there’s a great sense of satisfaction that, you know, you made it. But
there’s also the process of getting there, working out what it is you want to do, what
shape it’s supposed to be, the colour it’s supposed to be. Something to do with – I
mean, I don’t know, I couldn’t easily describe creativity, but it’s something to do with
creativity. So it’s – it’s design, the actual fabrication which is hands on, using your
hands to do things, and then looking at the thing at the end. Yeah, that’s sort of what I
wanted, or not as the case may be.
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[16:50]

You talked about a little bit about childhood activities, clothes making, I was
wondering if you could give me an idea of some of the things that used to interest you.

I’ve always thought that I had an exceeding boring childhood. I read an enormous
amount, not the sort of people who say, well I was reading Dickens at five, or
something, I read the appropriate aged books for the appropriate age, but I read huge
quantities of them. I’d walk home from the library reading the books that I collected.
So I buried myself in books when I wasn’t working. I really didn’t have a lot of other
interests. There wasn’t – I suppose there probably wasn’t a huge amount of time, you
know, in a family of four there are things to do done, you’ve got to help around the
house. My father had an allotment when we were little, but I don’t think we finished
up doing much helping on the allotment. So reading, schoolwork, and not much else.
I mean we didn’t go into London, would have been a bit expensive, you know, you
think we were in the suburbs, we could have gone to museums and things, but we
didn’t. We didn’t go to the theatre, or the cinema particularly. So as I say, it sounds
incredibly boring. I don’t recall it being boring, I recall it just being very even keel,
until – probably until I was about fifteen or sixteen. I had friends and would go and
talk to them, or, you know, have tea with them or something, but very, very normal
straightforward childhood without anything particularly exciting, the odd holiday,
going – it was a big extended family, because both grandparents were within reach
and at least two sets of cousins. So there would be big family parties and get
togethers quite regularly during the year. And we’d go to my grandparents quite
often. So there was that sort of activity, family activities.

What sort of things did you actually read?

Oh, gosh, lots of historical books for children, I used to like those very much. I can’t
remember many of the authors. I loved thinks like Arthur Ransome, and Malcolm
Saville, which are not historical, I still remember enjoying those. And, oh dear, I’m
trying to think what the name of the author is, the books is terribly well known
children’s book called Ballet Shoes. I can’t remember the name of the author, but I
mean she’s very well known, and she wrote numbers of books about things like that.
© The British Library Board
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So – but almost anything I would lay my hands on, you know, just liked reading. But
as I say appropriate books for a child I wasn’t into reading lots of – when somebody
tried to make us read Dickens when we were about thirteen and I hated it, I just
wasn’t into it at all. So I mean, I love – you know, I wouldn’t say I’m not well read
now, but I didn’t like – I was not precocious in what I read.

What the attraction to Ransome?

Well I suppose it was so many thousands of miles from anything I’d ever done, I
mean we’ve never been near a boat, we’d never been in a boat. Probably also he
writes extraordinarily well that the children are children, you know, and you relate to
them as children. So I suppose I mean I didn’t go around imaging that I was going to
go on a sailing holiday or anything, so I think just he – one could imagine oneself in
that situation without sort of going round thinking you really were. But –

Why do you think your childhood was boring?

Well, I mean, I can’t think of any, any – I mean, I don’t recall going around and
thinking I was bored, except on Sunday afternoons, I can remember thinking, oh dear,
you know, what is there to do? Not that we were particularly constrained, but if we
weren’t going out to tea with my grandmother what do you do on Sunday afternoon
except read a book. So, you know, if people describe they did this, that, and the other
interesting things, I can’t remember anything that would interest anybody about my
childhood, in the sense it was a very happy childhood. Nothing dramatic happened to
us, and we had, as I say, a very good extended family, and I enjoyed that. I mean, I
enjoyed being with my cousins and aunts, and so forth.

[21:35]

You talked a bit about your father, I was wondering if you could tell us something
about your mother? What was her name?

Sheila Gavigun before she was married, and that’s the Irish, her father was Irish. She
had one sister, and a brother who died in a prisoner of war camp in Japan or
© The British Library Board
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somewhere in the war. She was educated, she was trained as a teacher, and taught in
the East End of London, and – before she was married possible a little bit after she
was married. Although there were all sorts of rules about you had to give up jobs
when you got married, or at least when you had families, so I’m not quite sure when
she stopped. I do know she was evacuated to Devon with her children from the East
End of London, because she used to have some funny stories about these children
who’d never seen a cow in their lives being confronted by cows. And they were also
– the bit of Devon they were in was pretty evangelical, puritanical, so they weren’t
allowed to do anything on Sunday, not even knit. You know, you could do
embroidery, but you couldn’t do knitting, so these little kids couldn’t do anything. So
these are just little snippets that I remember from what she told us. I know that when
she was evacuated down there my father used to, although I say we never had a car,
they had a car before the war, which they got rid of during the war because there was
no petrol. And he used to drive down to see her at weekends, so – and I remember the
stories that the car would barely make it up the hills, you know, so it must have been a
pretty elderly car then. But these are just pieces that you, that you pick up. And I
used to love – so coming back to the liking history books, I actually loved history, I
would have dearly liked to have continued history at school, but when the time came
it was either sciences or history. I loved hearing bits of family history, and one of the
things I’m very sad about is that my mother died suddenly when she was 73, and I’d
never sat down and written down everything that she could tell us. So my sister and I
can piece together bits but we haven’t got it all. And my grandmother also knew a lot,
so my grandmother’s mother was a stewardess on the cross channel ferries for a
while, I do know that, which is – her father was a ship’s engineer and died when she
was quite young, and she was brought up by an aunt. So that’s my mother’s mother.
But the bit – you know, we always felt that we should be able to track down the bit
about the mother being on the – stewardess on the cross channel ferries, so she came
from Kent, from that part of Kent. So by the time she – by the time I can remember
my mother, she’d certainly not been teaching for a long time, and she never did teach
again, although she was a teacher all her life, you could see the way she dealt with her
children. I remember her standing up to her waist in cold water in the English
Channel teaching us all to swim [laughs]. She was a highly prejudiced woman in the
abstract, and totally unprejudiced and helpful and friendly face-to-face, if you can
understand that. So she would be quite prejudiced about, let’s us say, that sort of
© The British Library Board
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woman, or that race of people, put one in front of her in trouble and she would go
miles out of her way to help them. So it was quite an interesting – I mean, she didn’t
go around saying all this publicly, but, you know, you knew that. My father was
fairly right wing, I used to argue with him vehemently about Mrs Thatcher’s
government years later, because I didn’t like what Mrs Thatcher was doing, and on
the whole he tended in that direction. But you could have very good arguments
without them becoming at all unpleasant.

[25:43]

Did they take a paper when you were a child?

There was The Times was at home, is that what you said, a paper?

Hmm.

Yes. He used to do the crossword. I don’t remember reading it very – I probably was
aware of it and did see it, but I really don’t remember reading newspapers. The first
things I can remember to do with news are I remember hearing that National Service
was to be abolished, and I don’t know exactly how old I was then. But I was
absolutely aware of that as a political thing, and being pleased that my brothers
wouldn’t have to join the army. So that’s the first piece of news that sort of impinged.
It’s not entirely, because I can remember when you heard the news almost every other
day it would be the French government has just fallen, and we are forming the sixth
republic, the seventh republic. And even I can remember the names that came in, you
know, there’s Couve de Murville, and so on, they were just – they were just names on
the radio. I didn’t know much about French politics but it was the French government
had fallen again [laughs] kept coming in. So, no, I was not particularly aware of what
was going on in the outside world. I remember we had a splendid teacher at school,
who actually was the history teacher but she used to take the sixth form for want of a
better word general knowledge, but you know, discussion and everything else. And
she once said to me she thought, she’d met my father, and that’s something else about
my father in the school, she’d met my father and she had this vision of us sitting all
four and my father and my mother sitting round the table having serious discussions
© The British Library Board
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over the newspaper. And I was thinking, well the chaos that’s breakfast was
something, we never had time to do that.

[27:39]

Yes, the school was a Catholic grammar school, and there was a – it was the point,
this was all to do with the Education Act, and the Catholic – the religious schools
were able to come in under the grammar school banner but to keep some
independence of appointing their staff, if they raised the money for their own, or a
large part of the money, for their own buildings. The Ursuline Convent School
Wimbledon, to which I went had done that, and they formed a parents association to
help them raise the money. They were Friends of the Ursuline Convent and when I
say the initials they chose were FOTUC, because actually FUC was not going to be a
terribly useful acronym for parents in the school [laughs]. But anyway – so he joined
that right from the beginning he became part of that and he finished up being one of
the really important people within it knowing all the, you know, the nuns and the
headmistresses, and I think he enjoyed that very much. So he was very much part of
my sister and my school life, well through – through that route.

[28:50]

Can you actually describe your mother to me as well, in the same way you described
your father?

Yeah, all – I cannot remember her without grey hair, I think she went grey very early.
There are photographs where she had sort of light brown curly hair, but I don’t
remember that, I just remember grey hair. She was not very tall, I mean I was quickly
taller than her, she was probably about five foot three, I should think. I don’t know
exactly, but I was definitely taller than her. Plumpish with an Irish complexion. I
mean, her father was Irish, and she had inherited that sort of fair Irish complexion.
Blue eyes, so she was fair, where my mother was – where my father was dark. And
she died twenty-four years ago now, so it’s quite a long time. Yes, she was – she was
quite a shy person, they didn’t do a great deal of entertaining, now part of that would
have been they didn’t have a lot of money, but even when they started travelling a lot,
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for her it was quite a big deal to invite some people to come for a meal. I mean,
having the family over for a meal, absolutely no problem. One other thing, she was
what I would call a very good plain cook, she could cook, but only – she only ever
made simple things. And I read a book recently, which was a history – it might be by
that lady, Unwin – no, Jenny Uglow, but anyway it was a history of cookery books.
And it was actually very interesting because what it pointed out that was during the
war everything that everybody had ever learned on cookery went completely by the
board, and what you had to do was cook what you had. And she, the author, reckons
that it sort of ruined a generation of potentially interesting cooks. And I’m sure that’s
my mother, I mean, effectively for ten years she had to cook with what she could lay
her hands on and that was very simple food, she also didn’t have a huge amount of
money to play around with, so we ate very adequately and well at home, but we
certainly didn’t do anything very fancy, I mean the most exciting thing was when she
made salmon fishcakes, or a pie, or something, but very rarely did she do that. So I’m
not sure whether she really loved cooking, she used to say to us that she never cooked
at home, they had a maid at home, and so she was never taught to cook by her mother.
Now they weren’t particularly wealthy, it just shows the difference in a family home
in the ‘30s, compared to the ‘50s, ‘So,’ she said, ‘you,’ me and my sister, ‘you will be
taught to cook.’ But we did, you know, we learned basic cookery. When I went and
lived in France in particular I started being a lot more adventurous about cooking.

What sort of things were important to your mother?

Family above all, absolutely perfect, the local family and the extended family. And
her garden, she loved gardening, and I’ve inherited that from her, she grew roses, she
loved roses. So, I mean, the garden was hugely important to her, I think she quite
liked music, but they didn’t go to concerts or anything. When she was young she’d
obviously done quite a lot of dancing and gymnastics, because there are odd
photographs of her in tunics doing spectacular things, you know, but certainly not
when I was around. So, yes, I would say absolutely and above all the family, my
father and the family.

[32:54]
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Could you describe what the family home was like to me?

Yes, it was – the one I suppose I remember best was the one out of which effectively
I left home, which was a big Edwardian house in New Malden with five bedrooms,
sort of solid looking house, drawing room, living room. When we moved into it in
1956 it had hardly been touched by the people who’d lived in it for about the last
twenty or thirty years. So my father, more or less on his own, with a little bit of help,
then had to set to with decorating it. So when you say, what did my father find
interesting, I suppose he had to do all the decorating of the house and so forth, with us
helping as we could. There was still, when we moved in, there was still the brackets
from the gas lamps on the walls, you know, people hadn’t been using gas lamps for a
good few decades. There was under the stairs, in the cupboard under the stairs, there
was one of these boards with metal things that move if somebody rings a bell
somewhere in the house. So obviously there had been a maid and this was the
indicator of who was ringing from which room. There was, all the time we lived
there, there was only one tiny bathroom, so you know, they never had – I mean, that
was all there was, and there hadn’t been – they never decided to put the money into
put in an extra bathroom. I think largely because by the time there was enough money
to do that, actually one bathroom was perfectly adequate, they didn’t need extra
bathrooms. I remember there being a scullery with a huge stone sink in it, all of this
was slowly changed into sort of kitchen, living room, round the back. Had a big
garden, a lovely big garden in which, as I say, she loved to grow roses, and all sorts of
things, particularly roses, or fruit trees. And I, you know, some of my nice memories
of sitting out in that garden having afternoon tea, which we would do at the weekends,
my grandmother might come over, or we might go to my grandparents, have tea in
their garden. And that right up to the time when my parents moved out of that house,
which was just when my father retired in 1978, about 1978, and then they moved to a
more modern house, largely because he pointed out that actually decorating it was a
real pain. It had the most beautiful ceilings with plasterwork on them, but scrubbing
those down, and painting them was an absolute pain.

Any rooms you remember in particular?
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The living room. I loved the living room, and I’ve always wanted to emulate it,
because it was an attractive room with French doors onto the garden, and to me that’s
what a living room should be, a drawing room, whatever you call it, should be with
big windows, French doors, and a garden outside. I don’t quite have that now, I have
a dining room with doors to the outside, to a terrace, and then the living room has
doors to a balcony, so it’s close-ish.

Can you give me an idea of what – you mentioned a few little bits and pieces in
passing, discussions, and tea in the afternoons, can you give me an idea of what
family life was actually like living there?

[36:18]

Well it was – a lot of the time it was rather busy, because four children had to be got
up in the morning, and got off to school, and when they got home in the evening they
had to be fed and then homework had to be done. So certainly my memories are of
life being quite busy, that my sister and I had to do a fair amount of helping with
laying tables, doing the washing up, all those sorts of things, probably doing some of
the ironing too, certainly ironing our own shirts for school and so forth. When we
were small we went to ballet classes – things are coming back, you know, I mean it
isn’t so totally boring, I remember doing several ballet displays. But my sister was
actually two years younger, and she was better than me, well she also started younger
and she carried on longer, so she got to the point of taking quite serious exams in
ballet, which I gave up when I – so we probably started when she was eight and I was
ten, sort of ish, and she carried on. But by the time I got to eleven and twelve and into
the grammar school, I just stopped. But I can remember doing displays with tutus and
balloons and things in the local park. So – and all those things had to be made, my
mother and my grandmother made those dresses for us, and we had to got to them. I
can remember arguments with my brother five years younger because he was an
obstinate sort of, well he is an obstinate boy, [laughs] young man, serious man, but we
also – I mean, we liked when we had our dolls houses out, we liked to incorporate that
with his train set and do, you know, sort of complicated things around the floor. But
he had a habit of – I remember one time he was quite young, he’d been up the garden
excavating an old tree stump, and what he’d found in it was a huge maggot, I think it
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was probably a maggot of a stag beetle. By anyway he came in with this thing on the
tray, and I can still remember the shrieks of horror when we saw this thing [laughs].
And we went on holiday to North Wales, he also found some maggots, and was going
to insist on bringing them home in the car, and my sister and I said we weren’t
travelling in the car with maggots. He used to come home with broken bones too,
because he’d so something spectacular and fall off something. And he certainly one
time – we came home and there was a bit of a row going on, because he’d taken my
mother’s best furniture polish and used it to polish the slide in the park, he thought he
could make it more slippery. So the next younger brother was ten years younger than
me, so he was the baby, you know, by the time I went to university, he was only eight,
so didn’t know him as well. So usual sort of family things, and being shouted at to
put the toys away please, and get things out of the way. So – there was something I
thought of earlier and I can’t remember what it was. I’m sure it’ll come back. It was
– you were talking about one thing, and I said I should mention that, but it was a
much later activity which was related to the ballet or the – no, can’t remember,
doesn’t come back.

[39:45]

I was going to ask you a question. Could you possibly tell me a little bit more about
each of your siblings. You’ve mentioned them all briefly and what they ended up
doing, what were they like?

Well my sister’s two years younger than me, so she’s pretty close in age. And I think
we’re very different, but you know, we spent an awful lot of our childhood essentially
together. In fact we shared a bedroom until I was about twelve when I insisted that
the little room I could have for myself, partly I think because I thought she was untidy
and I wanted some space of my own, you now, it was the usual thing, some space of
my own. She’s – I could sort of divide us into two, which would be a very crude
division, the brother who’s the architect and me are the creative ones, and my sister,
who’s a maths teacher and the brother who’s a computing scientist, are the pragmatic
ones. And she’s very much the – so she went to Sussex University and read maths,
and then became a maths teacher pretty well straight away. She met her husband at
much the same time, and he’s also a maths teacher, and then they have brought up
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four children in a big Edwardian house, another big Edwardian house. They now
have a couple of grandchildren, and for the time in their live also, because they bought
an old Edwardian house for peanuts, and they sold it, they were very lucky, at the
height of the market a few years ago, and actually that gave them enough to buy
another house and have some spare money. Because they don’t have huge pensions,
so for the first time in their lives they’re comfortably off, which is very nice; they use
to go camping and caravanning with the children. So that’s Frances, who looks very
like me except she has grey hair, and has had grey hair for many years, as I said my
mother had grey hair when she was very young. Sounds very like me, people think
the voices are the same. And with whom now we’re very good friends. And actually
now she’s not busy with four children or anything else, and we are both looking after
gardens, we have a very good time together in that we have more time. The next
brother, Giles, I told you he’s – Frances, and Giles, and I are all like my father with
dark hair and brown eyes, the youngest one was fair and blue eyed like my mother.
Giles, well he was always doing mad, slightly mad things, he has a huge will of his
own. Trained to be an architect and has been an architect all his life, and a very
successful architect. He was one of the architects who was involved in rebuilding
Windsor Castle, he did the ceiling of the Great Hall, and a piece which was a set of
anterooms, he was allowed to design it himself. And then Nicholas, who’s the baby,
fair curly hair and blue eyes, and now himself has three children, as I say, is working
in computing. I don’t know, think will probably come out if you ask me more about
them, but I mean that’s just a rough description.

Did you actually all play together as children, or was there a division between boys
and girls?

Well Frances and I liked to play to some extent with Giles’ train sets and things, I
mean partly to bring them into this sort of fantasy of houses and things. And we did a
bit, but five years, he’s five years younger than me, and that was a longish gap, and he
was always a loner, wanted to do his own thing. Nicholas, ten years younger, was
very much separated, had a childhood neighbour, friends of my parents, who was born
at the same time, Timothy, and Timothy and Nicholas just became like very close
brothers, and they used to do the most amazing imaginary games together. In fact
when I say he isn’t particularly creative, their imaginary games were fantastic.
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 18
C1379/55 Track 1

What sort of things?

Well I don’t know, they were Indians or, you know, whatever it was they were – they
entered into whatever it was they were doing, as far as I can remember.

Where did you go on family outings?

Well we had these holidays in Bognor Regis, and then later on when we had the car
and a bit more money and could go a bit further, we had a couple of holidays in North
Devon, and one in North Wales, all of which were lovely because we began to see
more. For outings, my mother – we’d be packed into the car and drive down to
Bognor Regis on a Saturday for a swim and a picnic, and we’d quite often meet some
cousins of mine there who’d come from somewhere else, so they’d be a big family
party on the beach and that was great fun. And then again on a nice weekend
afternoon, my mother would pack a picnic and we’d drive into the North Downs and
have a picnic somewhere in the very pretty areas of the North Downs, and go for a
little walk around, or play. I can remember when I was very little, going to Richmond
Park and having wonderful hide and seek in among the bracken in Richmond Park,
you know, if you were small enough you could craw through it. These days they
wouldn’t let you because of Lyme Disease or something, I’m sure, and people would
be worried about what would happen to you.

End of Track 1
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[Track 2]

I’d like to pick up this week if I may on some questions about your school days. When
did you actually start school and where?

Well again the Ursuline Convent, but that – it was its prep school, 1947. It was a
small Catholic prep school, which my parents chose to send us to, it required them to
pay, it stretched them to the limit, but the Education Act had just happened, actually,
yes, the very first year I wasn’t in that school, but then I went to it in 1948 probably.
They – the Education Act and the grammar schools, and the senior part of that school
had become the Catholic grammar school, and their view was if they got us into the
prep school we would stand a bigger change of getting through the Eleven Plus, and
getting to the grammar school. Whether that really made a difference or not, I don’t
know, but it certainly – they invested a lot of their effort into getting us there, and it
was quite a stretch for them to pay the fees of course.

Were your parents keen on education?

Absolutely. Well my mother had been a teacher, my father I think I quoted you last
time him saying that I would go to university if I should. Yes, they considered
education was absolutely the most important thing. They did succeed in giving all
four of us a very good education. They paid for all of us to go to prep schools on the
grounds that that would stand us an even better change of getting into the grammar
school, and we all went to the grammar school. But quite possibly we all would
anyway, you can’t – there’s no point in hindsight.

What does one actually do at a prep school?

Oh, it’s the same, it’s just a paying – a fee paying primary school, that’s all. I mean, it
wasn’t a prep school in the public school sense of you going off to, you know, public
school afterwards, it was just a fee-paying primary school.

What actually are your strongest memories of being there?
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Oh, lots of them I suppose. It was – it all belonged to a convent, they had a lovely
garden, so I can remember summer days we’d be out, you know, doing things in the
garden, sitting on the grass. I remember I think I tended to have a good voice, and a
good memory, so I could remember school plays. I can particularly remember being a
bishop at aged ten, which was quite good [laughs]. I have a very odd memory, when I
first went to the school I was with my exact peers in age, and I have this memory of
being handed more and more maths cards with sums on, and handing them back done.
Now, I mean it can’t have been exactly like that, but anyway within a couple of
months they’d moved me up a class to a higher class, because I was going too fast.
That had unfortunate consequences later on because when it came to the Eleven Plus,
I wasn’t allowed to do the Eleven Plus a year early, so I had to stay back a year. So I
lost all my friends again, they all moved to the grammar school. So with the best will
in the world, it probably wasn’t the best move for them to make.

Did you find that easy?

Well I obviously, yeah, I did then.

Why do you say you did then?

Well because I was very good at maths all the way through school, but I knew I was
coming to the limit of my capability. The headmistress in the grammar school was a
mathematician, a nun, but also a mathematician, I’ll tell you more about that school in
a minute. And they thought I could be a mathematician, so they were sort of pushing
me towards maths and physics, which was fine. As soon as I started learning physics,
knew that I was far more interested in physics than in maths. And I also think I
sensed quite strongly that I was coming to the limit of my very good maths ability,
and I knew I didn’t want to do a maths degree, and I’m quite certain that was the right
decision. When I got to – you know, I was not right up in the top in maths any more,
I found it quite difficult. But all the way through school, if there was something in
maths that I didn’t understand they did it again, you know, because I was the head of
the class. So, I mean, I exaggerate, but you know, you could see that if Julia didn’t
understand then clearly half the class hadn’t understood so they would do it again. So

© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 21
C1379/55 Track 2

I was extremely well taught, and I, you know, it came as a very great shock at
university when I didn’t understand everything.

Did you actually enjoy maths?

Oh, yes, at school I thought it was wonderful. Not in primary school, I presume I
could do it and it was okay, but I remember thinking it was exceeding boring. My
impression is I spent my entire year probably age nine doing long division of
everything. By that I mean, if you think non-decimal system, so you had pounds,
shillings, and pence, yards, feet and inches, rods, poles, and perches, and you do long
division, so you’ve got to transfer the stuff to the next – so you start with the pounds
and then you transfer it down. It’s exceedingly boring, and my impression is I spent
the entire year doing that. But when I got to the grammar school they started teaching
us proper mathematics, and I can remember that being a joy. Algebra and geometry
was absolutely wonderful. So the primary school was arithmetic, and after a bit it was
just totally boring, I could do it, easy as anything, but it was boring. But maths in the
grammar school I loved, yes.

You used proper mathematics, can you actually define that to me? I should probably
confess I was awful at it at school, so you’re talking to a complete duffer.

What I meant was algebra and geometry, as opposed to arithmetic, that’s what I mean.
Because I don’t really call arithmetic maths, it’s arithmetic, it’s numeracy, which is
terribly important, but it’s not mathematics. Mathematics is algebra and geometry
and so forth.

[06:18]

What did you like about it?

Oh, completely logical, it solved puzzles, yeah, you could – it’s very satisfying to take
a problem and solve it, and get the answer, and know it’s the right answer, very
satisfying.
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When did teachers actually form the fact that you were good at maths do you know?

Probably from the beginning, I used to be top of the form all the way through the
school I’m afraid [laughs].

What did your peers make of that ability?

Well it’s interesting. I think I was seen as probably a little bit odd, but I had some
friends, you know, not huge numbers. So I mean I wasn’t – I was probably out at one
end of the class, but first of all we were a grammar school, so we were highly
selected, and then within that they’d got three parallel forms and I was in the top form
of that. And then if there was any streaming, I’d be in the top form, so I was with
people who were my peers more or less. It wasn’t the sort of school where it was seen
as – I mean the words cool and uncool didn’t exist, but it wasn’t the sort of school
where you were so way out if you worked hard, and did well, where the culture was
not to do that, so in that sense it’s probably okay. I’d have probably had a harder time
in one of today’s comprehensives, at a guess.

I was wondering if you could just describe what prep school was actually like maybe?

Well it was a small friendly school with – it was all girls. We were taught by a
mixture of nuns and lay teachers. And as I say, I can’t remember, I can’t remember –
I can’t remember learning a great deal, I obviously did. But you see, well what did –
what we would have been doing, writing, composition, things like that, we would
have been doing arithmetic. I can remember the great pleasure when one of them read
us tales from the Odyssey, stories about Odysseus, and so forth, the Greek myths,
which I thought were wonderful. So I remember very much enjoying that. I say I
wasn’t really good at games, but games are not a huge deal in a primary school, so
that was not too bad. I did do – I did do some classes in woodwork with one of the
nuns, I thought that was quite good, she taught us woodwork. I think it might have
been as a club after school, I don’t remember, but I did make things, I mean fretwork,
nothing too complicated. But I enjoyed that very much.

Was that still actually at prep school?
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Yes, I think it is. The main school, the part that was a grammar school in the big
reshuffle in the ‘60s I suppose, late ‘60s, early ‘70s, became a comprehensive,
because the local authority wasn’t maintaining grammar schools. So they either had
to go private or become a comprehensive, and they didn’t think they had the base to
go private. I’m sure they were right, but my sister by that stage was a teacher in the
school, and she said it was a disaster because all the teachers were trained to teach
really bright kids, and all their books, everything, was geared, you know, so – you’d
think, people sort of assume that if you teach the bright kids, you can teach the less
bright kids, but it’s not at all, it’s a very different sort of style of teaching. And you
need different resources, and they didn’t have them, so it wasn’t a particularly happy
time as I recall. She went on teaching maths all her life, and most of the time she was
teaching in an authority that had – did keep grammar schools, so not the one where
our school was, but the neighbouring authority Kingston and Sutton both kept
grammar schools. And she was teaching not in a grammar school, she was teaching in
the bit, the other part, and I think was a very good teacher. But she used to grumble
because she said that – she taught boys too, she said these boys are being forced to be
academic, and what they ought to be doing is things like apprenticeships, and
vocation; they’re not stupid, but then she said there’s great big boys sitting in desks
trying to do something academic and it wasn’t cut out. And she has a lovely story.
She told me once she was doing something like rolling or sliding, so she took them all
out in the corridor and had things riding, you know, rolling along the corridor, sliding
on the corridor. And then the saddest thing I think I’ve ever heard from a student, one
of the students said to her, ‘Miss, why didn’t anybody ever show us before?’ You
know, this idea that, you know, it’s all intellectual, and it’s not demonstrated. And to
me, yeah, we had teachers that did show us, and it just seems to me that’s a cry from
the heart, you know. So we’ve shot off into something else, but you can see, so my
sister was a maths teacher.

[11:25]

What were your teachers actually like at prep school?
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I – I will not quote for you the little poem we wrote about one of them who we didn’t
like. But most of them we liked very much.

[Closed between 11:39 – 12:32 for thirty years until April 2042]

Overall I thought – I liked the teachers, and I mean I was probably the teacher’s
favourite most of the time, I should have liked the teachers. So, yeah, I can’t – I can’t
remember anything particularly strong about it, except it was a happy-ish sort of time,
except as I say staying back a year was a lonely year, because I had to make a whole
load of new friends again, it was unfortunate.

You raised a couple of things I want to pick up on in sequence if I may. First you
mentioned the good teacher the year before Miss Potter.

Sorry, say that again?

You mentioned you had a good teacher the year before Miss Potter.

Yeah.

What was the contrast actually like between them, what made one a good teacher for
you and the other a bad teacher?

Very difficult, because I can’t remember anything about the fact that they were
teaching us anything, that’s a hell of a long time ago. I think it was to do with
opening windows, it’s probably the one I’m remembering with pleasure is probably
the one that would read to us from the Odyssey and so forth, you know, and do
interesting things. Had a totally equitable, firm – a very firm, but equitable nature, so
it was this irrationality of the other one, apparent irrationality, getting angry when,
you know, when it was not really necessary. And of course kids will then rub people
up the wrong way. So I mean, I don’t think either of them were cruel or wonderful, or
you know anything else. But memories are pretty dim, I don’t have terribly strong
memories, just these odd flashes of things.

© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 25
C1379/55 Track 2

Who were your closest friends?

Well at the primary school I had a friend, until that year when they all moved on, I
had a friend Sylvia, and we used to do things together, and I would go to her house,
and she’d come to mine. Then when everything moved on, I had to make – I sort of
almost lost friends for a year, and I had to start again when I got to the grammar
school. I don’t recall for a few years having very close friends, not like she had been,
until about aged 15, and then I made, when I got into the sixth form, so we were
shuffled up when we got into the sixth form, a very good friend, who’s been a good
friend for the rest of my life, completely different from me, she couldn’t do maths to
save her life, and she became an historian, so completely separate. So probably
within the school, I mean, not ostracised, not somebody with a great circle of friends.
I mean, I wasn’t – I didn’t go to school unhappy let me say, but I can’t say, oh, I’ve
got lots of friends from that stage.

Why do you think that is?

Well I think shifting round twice. I mean, I was a very shy child anyway, extremely
shy, you may have difficulty believing, but really shy. And shifting twice takes a long
time to sort of make another lots of friends.

Who was the friend who became an historian?

A lady called Eileen, who’s still a very good friend.

[15:50]

When did you actually move up into the grammar school?

Wait a minute, it was the Eleven Plus, 1953 it must have been. I’m trying to – it must
have been ‘53, because I’m trying to think whether I actually got there in ‘53 or got
there in ‘54. But I think it was ‘53.
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Do you remember what it was like starting?

Not hugely, as I say, it’s funny, isn’t it, I’m pretty blank about it. I remember being
measured for PE kit, because we had shorts which were slightly like divided skirts,
and when you knelt down it was supposed to be that many, I don’t know, how many
inches above the knee when you knelt. But of course what they hadn’t twigged was
we would wear the same pair of shorts until we got to the sixth form, by which time
they were rather more dashing then they were when we were eleven. Really I cannot
remember a great deal about that first year, or even – I couldn’t put strong memories
on things through those years. I can remember some of the teachers very vividly, had
an English teacher who was a very fierce lady, but she actually taught English very
well indeed, I mean, instilled a love of English. I can remember the pleasure of quite
early on, maybe not the first year, but very soon starting to read Shakespeare, I think
we did Macbeth or something like that which was great fun, you know. So I’ve
already told you about maths. Science I didn’t find particularly inspiring. Well it was
things like acid plus basic, with salt, plus water, I didn’t find particularly interesting,
because if you said why, they didn’t tell you. And we did some biology. I mean, it
was okay, it was alright, but when I got to age fourteen we were doing chemistry, I
remember saying, if this is science I’m not going to do it, it bores me, which is rather
surprising when you think that I spent the rest of my life doing essentially chemistry,
when I eventually got down there. But I was very fortunate when I was fifteen, the
year before ordinary level, the school recruited a physics teacher, they’d not had a
physics teacher before. And they started doing physics O level as well as the
chemistry O level. First of all she was a brilliant teacher, and secondly it was my
love, I mean as soon as somebody started teaching me physics, I said right, I’ll do
science, you know, that’s great. Well first of all because the subject anyway, because
it’s a subject that explains things, and secondly because she – I mean the answer why
was constantly there, if you were curious about something, physics answered it. Now
chemistry can be taught that way, but it wasn’t taught that way to us by this redheaded Irish lady who literally threw the book at the class once, because she got so
cross with us [laughs].

What had you done?
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I can’t remember, we were not particularly wicked.

Why the need to know how things work? Why the why?

I don’t know, I was born that way. My mother reckons I was born asking the question
why. I’m just curious I suppose, but I’m not curious – I don’t look at a motorcar and
think, I want to know how that works. It’s more explanations of phenomena, like
natural things.

Can you give me an example?

Well … difficult to – sort of why, why do things fall, I mean the whole question of
gravity. I mean, it wasn’t a question I was going round asking, but those sorts of
questions, as I say, I was never moved to want to take a motorcar apart. Although I
was quite interested in how the scientific instruments worked, when we managed to
drop a Galvanometer in the physics lesson we were all terribly pleased because we
had to take it apart to see how it was working inside. But, you know, that wasn’t a
really complicated machine, it was how the science was done. So why – why do
lenses work, why does a lens, a magnifying glass, make something bigger? Why do
liquids flow? Why do things cool down if you make them hot? That sort of why,
whereas I would say an engineer’s question is probably more how, I mean that’s a
very simplistic division that’s often made between scientists and engineers, and
there’s a huge overlap between them. But on the whole an engineer is more interested
in how to, and the scientist is more interested in why this, why did that happen.

Was that a sort of distinction you think, so actually thought about consciously at the
time, that you did want to know why?

Well I knew I was very satisfied with – I mean that’s partly – it’s part of the same
thing as doing the maths problems and getting the answers, but it’s not quite the same.
Because somebody would, you know, you thought about gravity or something, and
you see how the equations work, and you suddenly realise that you can describe the
world and predict things that will happen, and explain why they happened. It’s – you
could argue it’s a rather controlling sort of thing, you want to get the world under your
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hat. I didn’t think of it like that. I couldn’t have asked the question about engineering
because I had no idea what engineering was, nobody mentioned the word engineering,
which is probably quite often the case in grammar schools, I mean boys as well as
girls at a guess, I don’t think engineering features a great deal.

[22:20]

Was it a girls’ grammar as well or mixed?

Yes, yes. Girls. Well, it was a convent, so you tend to think it was. It was when the
Education Act was made and schools were offered the chance to become grammar
schools, if you were a religious foundation, you could make a special deal whereby
you could keep the control of the appointment of the staff, which meant of course is
what you wanted to do if you wanted to be a religious school. In return for which
you, or the Diocese, or something, had to raise most of the money for new buildings,
so that was the – and I think I did mention this to you last time, because I said my
father was on the fundraising activity for it. So – but the school had, some of the staff
were nuns, but they all had degrees, you know, so they had all been to university and
got degrees, quite a lot of them were lay people.

How much was actually religion a part of the curriculum there?

It was – it was a regular part of the curriculum, and it being a convent you would
celebrate feast days and it was very much part of the school life, you start with prayers
in the morning, and at the beginning of term there’d be a church service. And the
houses of the school were named for saints, and you would celebrate the saint’s feast
days and things like that. So, yes, it was very entwined with the Catholic religion.
Not to me in an oppressive way, but I suspect to some people it might have felt like
that.

Why do you say that?
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Well some people think that you could have too much religion thrust down you throat
by it being there all the time, only in that sense. It didn’t cross my mind that, it was
just that was what the school was, and did.

How does one actually celebrate a saint’s day?

Well you usually probably – well we would have if it was a saint’s feast day, you
actually had a feast, and they would have a special lunch or something for that house,
and maybe they would have cakes or something. So literally a feast, and probably a
special mass in the morning, so you’d trog off to the local church to do something
religious first. But I mean literally a feast day was, you know, that’s where the word
comes from and so we probably did have a feast, exaggerate how much you could do
a feast with school meals, but nonetheless.

[25:00]

How religious were you outside of school?

Well my family went to church every Sunday, not a huge amount beyond that. I
mean, I know some families where there’d be grace before meals, and family prayer,
we never went that far. So my parents were sort of observant Catholics but not,
what’s the word, evangelical or, you know, wouldn’t thrust it down even our throats
leave alone anybody outside the family.

What did you actually think about religion yourself when you were growing up?

I just took it as that was – that was where we were, you know. I can remember
thinking that actually life might be a lot easier if one had been born an Anglican rather
than a Catholic, simply because the Anglicans were sort of part of the establishment.
I also thought their churches were rather nice, you know. But no particular reason not
to accept it in a sort of quite – I think we were quite reasonable well taught. What I
do know is that where other people tended to study the bible, the only bits of the bible
we studied were of the Old Testament were the odd stories, like you know, we didn’t
got systematically through the main thread of the bible, we would do things like the
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story about Joshua and the whale, or, dear I can’t even remember the names of them.
But sort of the odd sort of side stories, not the main thrust of the thing. We mainly
concentrated on the New Testament anyway if we studied something.

Was that at home or in school, the studying?

Oh this was all in school. At home, as I say, we went to church on Sunday that was it.

Was there ever any sort of clash between this person who wants to know why, why
does this work, and the religious aspect?

No, not at all. No, not in the slightest. I never have done either, it seems to me that
the arguments between religion and science are completely false arguments. They’re
encroaching on each other’s territory, so for example, religion cannot say anything
about what science is discovering, I mean, i.e., religion has no possible view of
creationism, I mean creationism is nothing to do with science. You’ve got to separate
those out. On the other hand, science cannot say that people – that religion is
unscientific, I mean it’s completely separated. And I think the more thoughtful people
actually do separate those two. My own view is that the Dorking – not Dorking,
Hawking’s view that we are gong to see the mind of God, i.e., we’re going to explain
everything is total hubris. I mean frankly whether God exists or not, I just do not
believe that they’re going to get to the point. If you look at what’s happened in
physics, they’ve always said, well we’ve only got to discover this one more particle
and we’ll know everything, then immediately discover that that particle is made up of
something else. I mean, do you notice that in physics, if you read about it? There’s
always another layer, it’s like Chinese dolls or something. I don’t argue that proves
that God exists, I just say it proves that scientists often have a lot of hubris about what
they think, or the physicists do.

Has that been a sort of consistent chapter of your entire life, being able to sort of
separate them both that way?

Yeah, yeah. It’s never seemed to me to be a problem at all. In the sense that if God is
a creator, he’s perfectly capable of having created a universe that started with the big
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bang as having created a universe that started with you, me, and everything else sort
of in embryo existing already. I mean, in fact it’s rather cleverer to create something
from a big bang than from anything else. So whatever is the latest view of where
things come from, I don’t see that science necessarily can explain nothing from
something, although the mathematicians say that, but I equally don’t see that they can
possibly say we can prove that religion doesn’t exist. As I say, they’re in separate
territories, and they ought to be separate. One of the interesting things just in passing,
that I’ve been told about the – if you look and see who are the most adamant people,
the sort of anti-religious people among fellows of the Royal Society, tends not to be
people in the physical sciences on the whole, it tends to be the people in the biological
sciences. And I think that’s because they keep coming up against the creationists and
of course it drives them mad, as it would do, because it’s obviously not in the science.
Whereas on the whole, physics just gets deeper and deeper into things and you’re not
having to argue with anybody that the Higgs Boson exists or doesn’t exist. It doesn’t
prove or disprove religion at all, but generally speaking you find the fellows of the
Royal Society of Physical Sciences much more relaxed about religion, even if they’re
agnostic, than are the biological scientists. That’s an aside [laughs].

[30:25]

Brings me onto another question actually. You talked a little bit about science and
religion in school, religion out of school, I was wondering if there was any sort of
interest in science out of school?

Not – not hugely, I mean I would … I guess if, yes, sort of scientific or probably more
things like geographic, and books about exploration things came my way, I’d be
interested in reading them. Museums when we got to them, I’d be interested in. And
I guess a general interest in the world around me, but not sort of – I’m not one of
these people who had chemistry, well I certainly wouldn’t have had chemistry
experiments, I hated the things, but trying to do experiments in, you know, in my
spare time or taking my bicycle apart or anything like that. So, no, not a particular
interest, just a general interest in the world around.
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You mentioned teaching in passing, as well as teachers, science teachers. I was just
wondering can you give me a flavour of what it was actually like learning physics at
that time?

Well for a start we were a small group studying, so immediately it was a different way
of learning, because there was a lot of peer support, and peer learning going on
collectively. We were quite a small group for ordinary level, and for the sixth form
for the A level we probably eight or ten of us. So it was a different way of learning. I
think because of that, but also because she was a confident and competent teacher, she
could allow a lot more question and answer and discussion than didactic standing at
the blackboard type stuff. That was my impression of it, but as I say, I also got – as I
got more senior in the sixth form was doing scholarship, I had a number of lessons all
on my own as well. So I got an awful lot of one to one teaching, which is very
different from what most people experience in schools. But I think the main thing
was this both in maths and in physics, working in a group, so that we helped each
other. There’s a lot of peer teaching going on, which I’ve always thought is an
excellent way of people learning, because you actually learn as much from trying to
explain it to somebody else, if you can do it you try and explain it to somebody else,
you learn a great deal about whatever it is.

Peer teaching, actually talking with the other classmates about the work you’re
doing?

Yes, exactly.

Was that sort of a formal school policy or just something you did?

I don’t know, well it certainly wasn’t anti anything, I think it was up to the teacher
how they – my guess is the teachers were probably allowed quite a lot of freedom
about how they taught us, and it was the way it worked. But it requires, I now know,
having done a lot of teaching, it requires a teacher with quite a lot of confidence to let
that happen. And we had some very good ones.
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What was the good physics teacher’s name?

Nancy Edwards. Years later one of the newspapers, it might have been The
Telegraph, anyway, it ran a sequence of something like the teacher who changed my
life. And I was asked if I would do such a thing, somewhere between ‘95 and now,
and I talked about Nancy Edwards, and that was published. And after it was
published, you know, when I knew it was going to come out, I thought, you know,
have I rubbed her up, you know, I mean, some people don’t like this. My sister totally
agreed with me, she said, you know, she thought she was an absolute [inaud] because
she also taught her, wonderful teacher, and my sister then saw her as a colleague as a
teacher in the school. But anyway, my sister had therefore remained friends with her
and they live close by, and I heard the story afterwards, on the morning – my sister
had alerted the husband of the teacher that this was coming out in The Telegraph, if it
was The Telegraph. And subsequently I had a letter from Nancy saying that she
really appreciated it, but saying David her husband had turned up with the morning
tea on his knee, holding out the article for her. She was obviously tickled pink about
it, you know, and I was very pleased and somewhat relieved. Because as I say, you
speak frankly about somebody and how wonderful they are, you think, well, would
they have liked that, but anyway she did. And it was nice to have been able to say
thank you, I mean I think she knew that I really appreciated it, but nonetheless.

What do you think about the particular teaching style was it that did it for you?

Well she herself was passionately interested in the subject, you can’t manufacture
that. She loved it, she was interested. She had very good interpersonal skills, so it
was easy to talk to her to ask questions. And I think those two things, plus the fact
I’m sure it was a subject I was meant to take, you know. So I mean it wasn’t quite
like the light bulb coming on, but it felt a bit like that, you know. Suddenly I was in
the place where I wanted to be.

Did you have any other subjects you actually enjoyed doing?

[36:07]
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Well I enjoyed most of school actually, to be fair. I don’t remember, I mean I
remember I liked Latin very much, in fact my actual best story level subject was
Latin, not even – I mean it was even higher than physics, and they were both pretty
good. I loved it, and I would have loved carrying on, and I loved history, I would
have loved to carry on with some of those subjects in the sixth form. And for a little
while they actually organised a timetable so that I could go to some of the Latin
lessons, because the Latin teacher rather liked me too, I’d been top of her class
[laughs]. And then it was impossible to timetable. So I’m absolutely in favour of a
baccalaureate system, I would think although I was doing subjects I wanted to do, I
thought it was very sad I was forced to drop all the others. I would have loved to
carry them on much longer.

If we just pick up on those two, Latin, what did you like about it?

Well the two things, one is it’s completely logical, and it’s rather intriguing to be
learning a foreign language. I mean, I learned French and was reasonably competent
in French, but you know, but the Latin was first of all the logicality of it, and secondly
the fact that it was history. So we were reading Caesar’s Gallic Wars in Latin. To
me that was absolutely fascinating, because it was getting into the history. So it was
those two things together. We actually, we were taught Latin like a living language,
so the – she was a madman, not mad in the insane sense, but slightly mad in her
gestures, Mother Augustine. And she had, she took four Latin verbs, I can still do it if
I think about, surgo, ambulo, revenio, sedeo. Okay, surgo means I stand up, ambulo
means I walk, revenio means I come back, and sedeo means sit down. And we did all
the cases of those verbs doing it, so we would get up and walk across the room, or she
walked across the room, or he walked across the room. It was, it was a real live
subject to us, and we were given a book, we didn’t start with Caesar’s Gallic Wars,
we started with a book called Pseudolus Noster, and these were based on the German
Till Eulenspiegel stories. Do you know them? Till Eulenspiegel was a very bad boy
in German children’s books. And Pseudolus Noster, was literally based on Till
Eulenspiegel, so there was these stories about this very bad boy in Latin. So Latin
was like a living language for the first two years. And then eventually when we got
onto doing the more serious stuff, we were reading things like Caesar’s Gallic Wars,
we were writing history, so I loved it, I really did. Interestingly, I probably didn’t
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know so clearly at the time, probably did. My father would have done classics, Latin
and Greek, so it’s sort of in the blood, and obviously he loved it. So if one was
talking, you know, if you took homework home, he liked to talk about it.

[39:18]

My oldest brother hated Latin, and was never going to learn Latin, so it was fortunate
for my father he had one child who loved it. But all the subjects, I didn’t feel I was as
good at English, but I did very well at English. And I was taught, I really was taught
to write prose well, and that’s a huge skill to have got, and I, you know, I would have
hated to have missed out on that.

Do you think you are one of those school children who wanted to do well?

Yes. I was a bright child, I was highly motivated to do well. I mean, I liked praise for
doing well, and I didn’t have a huge number of disruptions, and I had a supportive
family. I mean, you put all that lot together, it would have been hard for me not to do
well.

Were you competitive at all?

Oh, yes, I wanted to be top of the class, oh yeah.

What about with your siblings?

Well I’m the oldest you see, so I didn’t need to be [laughs], poor things. I mean, my
very good friends have said to me they really were sorry for my poor sister coming
along two years behind me. I never felt sorry for her at the time, we’ve remained very
good friends all our lives, but, you know, she was bright, but she wasn’t top of the
class all the time, and it must have been damned annoying having me in front of her.
Didn’t matter for the boys, they were elsewhere. Yes, and actually years later I heard
my father say something that really surprised me, and I like to think about it, he said
he thought I was ruthlessly ambitious. I don’t think I’m ruthlessly ambitious in the
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sense I wouldn’t hurt anybody else to get there, but I’m certainly ambitious and I’ve
always been ambitious.

What did you say to your father when you heard him say that?

I don’t recall a response, I just remembered it. I mean, it was years, and years, and
years later.

Ambitious to what? What were you aiming for?

To succeed in whatever I was doing. So ambitious in the sense of being if you were a
high jumper or a long jumper or, you know, whatever, so being top in the class was
what I could do. I certainly couldn’t do sport, but I could do that. So I wanted to be
good at that, and certainly in two pass exams or whatever it was I was doing, I wanted
to do it well. So that sort of ambitious. Not too – not ambitious to be pushing people
around, to sort of manage people, in fact years later I refused as far as possible to take
on roles in the university that were management roles because I didn’t want to tell
people what to do. I was backed into doing head of department for a year, and backed
into being faculty principal for a year, everybody said I did it well, but they were both
not happy years for me then, they’re not years – not desperate, but they were not years
doing things I wanted to do. I don’t like managing people. I don’t want to manage
people. So ambitious in the sense of leading the army to do something, no thank you.

Is it an ambition that had any particular direction yet, was there something that you
wanted to do with this?

I think I knew I wanted to do well academically, because I could see that was
something I could do. I had parents who were very keen that one should do well
academically. So, yes, but what I was going to do with it, no, I had no idea at all until
very late on. I mean when I finished my first degree, why did I want to do research?
Because I was still fascinated by physics, so I went on and did a DPhil, but what I was
going to do with a DPhil afterwards, no idea at all. And certainly there wasn’t a great
deal of career advice in – I mean the school didn’t feel it needed to because it was
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launching me into an academic path, but the university didn’t do anything to do with
careers advice.

I had a question, it’s just dropped out of my mind. When did you actually sort of
start, I’m just trying to trace your school career through in my head, so Eleven Plus,
how did you find the Eleven Plus?

I think pretty easy. I mean, I don’t recall it being – I don’t recall being frightened by
it if you see what I mean. But I really can’t remember much about it, I think it had
some questions where you were supposed to either tick the right answer, or cross the
wrong answer. And I discovered, I think this was the Eleven Plus, I discovered I’d
been doing the opposite, so I had to scribble it out and turn them around. But that’s
the only thing I remember. I don’t – I don’t recall it either being a huge, a thing that
frightened me, or a huge hurdle, or whatever. But that of course would be, to some
extent, the psychology of one’s parents. If they weren’t making a big deal, then –

From there to O level?

Oh, I was not – I used to get very uptight about exams, sure. I don’t – I mean I didn’t
hate them, but I certainly got very tense about them, and worked very hard for them.
Erm … I don’t remember – I don’t remember any sort of hiccups or horrors or
anything. Really the only time I’ve had bad experience of doing examples was
university finals. I mean, by that stage I’d reached the limit of my abilities, all the
other exams I was doing well within my capability and therefore they weren’t a big
deal.

What did you actually specialise on at A level?

Pure maths, applied maths, and physics. It was all part of this I was going – well I’d
already said I wasn’t going to do chemistry, but it was this view that I would be a
mathematician, that was the route, that would have been the route to doing maths at
university. And it had consequences, because it was clear to everybody I should
apply to Oxford and Cambridge, and in Cambridge you could not – you could not do
just physics, you had to do physics with – your first two years were – now what do
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they call it? It’s two years more general science, you have to do two or three subjects
together. So I would have had to look for other subjects I could do along with the
physics for the first two years at Cambridge, whereas at Oxford I could do straight
physics to start with. Moreover this lovely teacher had been to Oxford, so as far as I
was concerned I was going to go to Oxford. But I mean I was applying to other
universities, I had a place at Imperial College, I had a place to do a PhD at Imperial
College, which I turned down as well, then eventually I finished up on the staff there
[laughs]. I mean, after Oxford and Cambridge, Imperial was probably the next in the
pecking order if you wanted to do science. But I didn’t particularly want to go
because it was – would have meant living at home, not that I hated living – but, you
know, it wouldn’t have been part of the experience. My friend, Eileen, had gone one
year before me to do history, and she was doing it at London University, and it was a
sort of commuting university, it didn’t seem to me that was quite what I wanted.

[46:45]

What did you want if not that?

Well, I suppose I wanted to go to Oxford, let’s be frank. I’d been on this reading
party that I mentioned last time, I mentioned it in terms of my grandparents
supporting me. I went to this reading party in the lower sixth, and I thought it was the
most – Oxford was the most beautiful place I’d ever been, compared to boring New
Malden, and we were in a house on the edge of the park, so just as far as I was
concerned Oxford was the place I was going to go to. My mother said she was
terrified, what was she going to do with me if I didn’t get in.

What did you like about Oxford?

It is beautiful, it was beautiful, it had colleges and [coughs] old buildings and gardens,
and [coughs], so it was a beautiful city. Whereas New Malden is not a beautiful city
[laughs].

I’ve never been, what it’s like in comparison?
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It’s changed a bit now, because they’ve modernised the centre, but it’s got twenty-five
colleges each of which has beautiful parks and grounds, the buildings are – go back to
the 13th century so it has lovely buildings with chapels, and dining halls, and as I say
gardens around them. And these are mostly enwalled, sort of enclaves, along very
attractive roads, and there are university buildings. So it’s a – well you’ve been to
some cathedral towns, if you sort of multiply up a big – take Canterbury or
somewhere like that, and then put lots of colleges in there, it was very beautiful.

What’s Malden like in comparison?

Well it’s just suburbia, wasn’t it? I mean, it had nothing.

I’ve never been there, so –

Well it’s just a perfectly ordinary suburb of London with no, not a single historic
building at all, you know, and nothing that you would turn round and say, that’s a
beautiful building. It wasn’t that I hadn’t seen beautiful buildings, because I’d been
into London, but to live in the middle of them, fantastic. And the whole college, I
suppose the whole college life, the fact that you’re there in the old buildings, and you
eat in the dining halls, and you walk through the gardens, it’s wonderful.

I wonder if you could actually sort of paint me a little portrait of yourself, as you were
late teens before you went to university.

Oh very serious looking, quiet, really very shy, took life seriously. Not athletic at all,
I think a very polite child, and yes, that would be it. I think people who taught me,
I’ve heard the odd remark, detected that I was – I was highly – I mean I would work
very hard to get to what I wanted. So in that sense hard working, but not hard
working because it was a good thing to do, but hard working because I wanted to
achieve whatever it was. I was the sort of child that did my homework on Friday
night, because I wanted to get it done with. I think the world divides into those who
do homework on Friday night, and those who do it on Sunday night. And I liked to
get it out of the way. But quiet, serious, not at all the swing of the party, but pleasant
I suspect, you know, if people did get through this shyness then I would be good to
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interact with. As I say, I had just one or two, particularly Eileen, very close friends,
and we did a lot of things together and enjoyed a lot of things together.

What sort of things?

Things like playing tennis, going swimming, local things, we didn’t go into town very
much. We did very occasionally go to the theatre but not much. Listening to her
gramophone, I do remember that, she had a gramophone before I had a gramophone
and we would listen to it, this might have been during the first years at university,
because I’m thinking of Beatles records, so she had some LPs of the Beatles, and we
enjoyed listening to those. So – I mean, very simple, going to the shops or something,
I mean really simple sorts of things, we didn’t disco and things, well there weren’t
discos around. And I hardly ever went into London, but that was because money was
still fairly tight. I had some pocket money but going into London was an expensive
item, so I didn’t do a lot of that. So not a very, nothing outstanding.

[End of Track 2]
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[Track 3]

From the first year I was there, the school started to do for its summer play, it always
did a summer play, which the sixth form did after they’d finished their exams, and
then the prize giving will follow the summer play. For five years when I was going –
until I got to the sixth form they did a Gilbert and Sullivan opera. And I thought –
and they were very good. So I mean there were just girls going it, and the
accompaniment was our music teacher who was a very good pianist, so she did the
whole Gilbert and Sullivan orchestra, and she taught them the singing. And they did
excellent productions, and I can still remember all those. I thought they were
wonderful, you know. First of all I loved the Gilbert and Sullivan, secondly of course
one tended to have crushes on some of the older girls, and they were terrific in their
roles. And I think the first one was The Mikado, so that was when I was twelve that
first prize giving. I can actually remember that prize giving because I continued, as I
say, being top of the form. And I was in the – they called out the prizes, and you had
to walk up and walk onto the stage, and walk across the stage, and collect your prize.
And I was the prize winner in the youngest form, so I was the first child that walked
up those steps and across the stage. I don’t remember being terrified by it, but I
probably was, but my mother said, who was at the ceremony, and she said she was
thinking, will she make it across the stage? But anyway, so they did for five years
they did these Gilbert and Sullivan. And then when I got to the sixth form, they
switched to doing ordinary plays, in fact it was probably quite a good thing, because I
wasn’t a great singer, but I could be in the plays. And when I was fifteen, the first
year that I was in the plays, we did Midsummer Night’s Dream and I was Bottom,
Bottom the weaver. And I also remember going home, this is another story about
being top of the class, and telling my mother’s sister, my aunt, or telling the
assembled people of she just happened to be one, I was going to be Bottom. She said
if you’re going to be Bottom I’ll give you five pounds, and she meant bottom of the
class. She just thought it would be nice if I wasn’t top [laughs]. But I got my five
pounds nonetheless. So I did – so although I was very shy and quiet, I did love
acting, I thoroughly enjoyed being part of that. And then the final year, what did they
do? She Stoops to Conquer I think, and I had a yokel role in that of some sort, I can’t
remember, nothing so obvious. But the Bottom I enjoyed enormously, had a donkey’s
head.
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How do you actually reconcile those two things, being shy on one hand, and enjoying
acting in front of all those people on the other hand?

It is – it’s interesting, isn’t it? I think, yes, it’s a different sort of shyness. I mean,
what I mean by shy is the shyness of going up to somebody you didn’t know and
talking to them. Whereas doing something in public wasn’t something, so it was a
different – it demanded a different sort of thing.

Are there any other school activities you enjoyed?

Well, no, because I was particularly bad at sport, so we didn’t – well we did do gym
and we did do – netball was the school game, and I was hopeless at it. We did hockey
for one year, and we had to take a bus journey to somewhere else, because we didn’t
have a hockey pitch, and play hockey. And I thought it was miserable, it was cold, it
was muddy, it was –you had to run a long way, and I nearly lamed the gym mistress.
She was showing us how – you know this bullying off that you – the thing is if you’ve
got a free shot, you’ve got two players with their sticks and they have to do that
[clapping] and then they’re allowed to hit the ball, and I managed to hit the teacher’s
shin. I can remember that bit. But overall I wasn’t good at sport, and I didn’t like
sport. I did like anything we did towards acting. I can remember one other thing,
when I was fifteen, we – have we stopped for a–

No, we’re still on.

Yes. I – a friend of mind heard that the school was going to be asked to provide a
choir to sing in the Albert Hall for a piece of music by a then Catholic composer
called Edmund Rubbra to celebrate I think it was the 100th anniversary of Lourdes,
the miracle at Lourdes. And she said to me, get yourself into the choir. And I said I’d
never pass the signing test to get into the choir. She said well get yourself in. And I
had the cheek to go and talk to the singing teacher and say, I’d love to be in the choir
but I don’t think I’ll pass the test. And I think this is where being top of the class does
you something, you know, having Julia in would be all right, so I was allowed to be in
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this choir. And that was great fun. So we did sing in the Albert Hall, we sang this
concerto in the Albert Hall. And I did my best copying the people next to me.

Did music play much of a part of your life outside?

No, not hugely, not until later on, much later on. We had records at home, we listened
to the radio, but we didn’t go trogging off to concerts. The school was – I mean we
did a lot of signing in the school, and as I say there were those Gilbert and Sullivan
operas, but we would sing, we learned to sing the plainchant which was quite fun, you
know the plain song, Gregorian chant? Well I’m not going to try and sing it, because
it would be hopeless, but it’s the sort of thing you hear monks singing, it’s very –
sounds very mediaeval, and it’s written on a different stave, it has four lines to the
stave rather than five lines. It was quite – so you have to learn to read the music and
then sing it, and we did quite a lot of singing. So although I wasn’t – I wasn’t good at
singing, because I don’t have a very good pitch, I enjoyed signing, and I enjoyed all
the music we did. But it wasn’t an enormous – it wasn’t a huge part of family life.
Neither of my – both my parents could plays the piano, and when he retired my father
went back to playing the piano a bit, but they weren’t, you know, it was the sort of
thing every child had learned when they were young.

Including you?

I had a few piano lessons, and then they stopped, and I think because it was – I was
going to the grammar school and the timing got difficult, and I was sorry with
hindsight, it would have been – I don’t think anybody was being mean to me, it as
probably they just thought, look, you know, this is taking a lot of time it’s too
difficult. So they didn’t. One of my brothers, who’s actually very musical, went on
for a year or two and he hated it, and the trouble was they kept getting him to play to
soppy things, if they’d had given him some nice marches, he might have carried on.
It’s a shame.

[06:58]
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What did you parents make of your ambition to go to Oxford?

Oh, I think they were right behind me, just slightly worried as to what would happen
if I didn’t get in.

Which college did you apply to?

Well you could only apply to the women’s colleges then, there were twenty-five
colleges, but only five colleges, which were women’s colleges. And I applied to
Somerville, because my lovely teacher had been to Somerville, but also because
Somerville made a policy of taking more science students than the other women’s
colleges, so it was a sensible one to apply to if you wanted to do sciences.

When did you find out about where you were going or not?

Erm, I stayed at school into a third year sixth to take the Oxford entrance, so I – you
could then apply on the basis of your A levels, or you could take their entrance, and it
was considered a good thing for me to take the entrance. So you take the entrance
exam about November, and then they have interviews. And I went off to the
interviews, and then at the end of that week we had a telegram saying would I come
back for scholarship interviews, so at that point I knew I’d got a place, I still
remember that, that was absolutely amazing. But I can also remember when the news
came about the A level results. I had taken – what you could do then is take things
called scholarship level which were higher, the next level, and if you, on the basis of
those, some people were given state scholarships. And I got a state scholarship, it
probably increased a little bit the amount of financial support I got for going to
university, but it was a grand thing to get. And I’d gone out that afternoon to a
friend’s, and coming back I remember my mother waving out the door, because the
state scholarship result had come, so they were pleased. But the telegram said would I
go back for the scholarship interview, that was great. I mean it was very nice, also I
got a minor scholarship, they’re called exhibitions, and that was nice to have, but to
know I’d got in was the great thing.

[09:20]
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What was your interview actually like?

Well I cannot remember the first, I really can’t remember when – I’m muddling up a
number of different occasions in Somerville, maybe we didn’t have interviews. I’m
sure they interviewed us for the places. And I just can’t remember. I can remember
the scholarship interview, because that was rather different, that was in the – well, was
it different? It was in the principal’s room, and there were several people sitting
around and they asked me some physics questions, and gave me a blackboard to
answer them on I think. I mean, that was quite terrifying, but to some extent not quite
so bad, because you already knew you’d got a place, you see. But I can’t recall the
others at all. It’s a complete blank. There must have been interviews, but I just don’t
know.

When did you actually start?

1961, exactly fifty years ago in four weeks’ time. Somerville is running a couple of
days celebration for us fifty years on, so while they’re in my mind – there’s a number
of us, there were about eighty starters, and I think forty or so have agreed to come
back for the reunion, so it’ll be interesting to see them.

[10:45]

So what was your first experience of Oxford like?

Oh, sort of terrifying, just being – because there I was with nobody I knew, absolutely
nobody I knew. Now that’s right, somebody I had … something happened in between
those, the tutor for physics for Somerville was actually a man from one of the men’s
colleges, because they hadn’t got a female tutor for physics. And at that time you
either did exams at the end of your first year called moderations, but you could not do
moderations if you did a rather easier exam called prelims. And he had the idea he
would get all his physics batch in in the February after we’d all got in in the
December and do these prelims, which he said was just like doing A level again. You
know, they weren’t based on the first year work, but it was a way round doing them,
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and then we wouldn’t have to do any exams during the first year. So we did all go
and do this, and I met one of the girls who was going up then, and the first day at
Somerville I met her again, and clung to her, you know, and she was a friend for the
whole time, that was great. And she became my practical partner and so forth. So
very sadly she died ten years ago, she died quite young, well first of all she had a
stroke, and then a couple of years later developed cancer, it was a real tragedy, but a
great friend. But anyway, now I can remember seeing Gill and thinking somebody I
know, you know, because it was a huge change. The advantage of being in a college
was at least you had a sort of a group that you could get to know.

I wonder if you could just describe to me what was life like at first when you started
there?

Hmm, well there was – as you got to know it there was the delight of having of your
own room, and inviting people for tea, and going off cycling, and joining societies, all
of those peripheral things, actually the teaching wasn’t very good at all [laughs]. I
mean lectures, after the way I’ve described to you being taught, to go along to a
lecture with a room, you know, and half our lecturers were really disastrous. So the
physics course, and the way it was taught, was subsequently considerably renovated,
it wasn’t very well taught at that stage. And we had one or two very good lecturers,
and some appalling lecturers. And after a while we just stopped going to the lectures,
we reckoned because we also had a tutorial each week, and the tutor would give you
reading to do, and examples to do, and we found that we thought that was probably
the most important thing. And we had two days practical, we had to do an experiment
that took two days to do it, and then was marked. So we were in the labs quite a lot.

Who was your tutor in the first year?

Sorry, who was?

Who was your tutor?

Oh, he was this – the guy who was Neville Robinson, who was a very nice guy, and
had a lot of influence on my career subsequently, because he’s the person who
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introduced me to my PhD supervisor. But he completely failed to teach me any
physics at all in that first year. His areas of science was something called
transmission lines, you don’t need to know what they are but it’s a particular area of
science, it’s to do with electronics. It’s the part of physics I really dislike most
anyway, and he thought that you could teach most of physics as an analogy with what
happened in a transmission line. So I was on a double hiding to nothing, I didn’t like
transmission lines, didn’t understand it. He was very sweet, he – we had tutorials in
his rooms in Nuffield college, and we often used to arrive and there would be tea, and
finish with a class of sherry. So he was very sweet, and he invited us out to see his
family, and many good things, but teaching me physics was not one of them, or any of
us for that matter.

[14:57]

The subsequent year he stopped teaching us and we had a guy who was sort of
supernumerary in the sense he didn’t have a permanent post, he was on fellowship
money, Ken Mayne. And he for example, I don’t think – whether he was brilliant at
research or not, but he was a really good teacher. So you know, we were sort of
rescued by Doctor Mayne who could actually explain things to us. And he was great,
he was lovely. So the actual teaching I got, I mean I think I went backwards in my
understanding of physics once I got to Oxford, can’t have been completely so. But I
really, you know, it was a completely different scene from having been absolutely on
top of everything, I was underneath, at least I felt underneath the whole time.

Can you actually describe, Ken Mayne sounds like he was a good teacher, I was
wondering if you could describe what a class with him would be like?

Well first of all he started from where we were, not where we thought we might – I
mean, he didn’t have this view of how he was going to communicate. I think
basically he was friendly enough, and it’s interesting, because Robinson was also
friendly, but Mayne did give you the impression it was all right to appear stupid, so
you could ask questions. I think that was probably it, so you could not understand and
have him explain again. So in that sense, as I say, Robinson sort of lost us, and I
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don’t – I’m sure it wasn’t malicious, it was just he didn’t quite start from where we
were, whereas Mayne I think did start from where we were.

How did you actually find the transition – you mentioned that you felt you went back
in physics, I was just wondering how did the work compare to A level before?

Well of course it was much harder, there was quite a big jump. I’d been very well
grounded, but we were doing things we hadn’t touched on before, and we’d never
done anything to do with quantum mechanics, and so forth. So we never done
anything on thermodynamics, we’d never – I mean, there were whole rafts of new
areas that we simply hadn’t touched, so it was new all the time. Now that doesn’t
necessarily mean it’s too difficult, but it was probably going faster than I was used to
learning new things. And without all the – I’d been cosseted through A level, because
of the accident of being – having a good teacher and being in a small group, and all
those things, which I wasn’t anymore, which is not a complaint, but it explains why I
found it a lot harder to keep up than I had done. And I must have learned something
because I passed a degree, but you know, I didn’t feel as though I was learning at the
same rate.

Were there any sort of subjects that came up that actually interested you in
particular?

Oh, I think well, I think eventually the quantum mechanics did interest me. I can
specifically recall when we reached the way quantum mechanics explains the periodic
table. Now I’d never done chemistry, but I’d sat in labs where the periodic table was
on the wall, and often wondered what it was all about. And unusually I met it from
coming up through physics, and the way the atoms worked, rather than the way most
people meet it which is how elements behave, you know, which is how the table was
built up. But I certainly remember that being fascinating. Other things? Some of
solid state physics I think I enjoyed. We were right on the cusp, all our practicals we
did on valves, pentodes and things like that, you know. So all the practical
experiments on electronic run valves, what we were learning in theory was solid state
physics, and transistors, and things like that, so we were right on the changeover from
one to the other.
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What was the workload actually like at first?

In the first summer, because we didn’t have to do these exams that everybody else
was doing, I don’t remember doing anything much at all after halfway through the
term. We had a lovely first summer, we really did, we spent it on the river, out in the
fields, absolutely wonderful. And about – quite early, well halfway through that year,
in fact it was May 1st, I went – I also am still friends with several of the people I did
physics with, and one in particular I know very well, unfortunately she’s moved to
Aberdeen so I don’t see her very often. But she and I came out of a tutorial and she
said, I’m going to – we’re going to watch the May 1st dancing. I don’t know whether
you know that in Oxford on May 1st they ring the bells for the church, and they tend
to do some dancing around the street. So we went along and we saw these Morris
dancers, but not just Morris dancers, there were girls dancing with them. And then
the next week she said, ‘I found out there’s a club where they do that dancing, and I’m
going tonight,’ and asked that I came with her. In a sense I danced my way through
the rest of Oxford, it became a very important part of my life. It was folk dancing, so
there was folk dancing every Friday night, and on Sunday they did Elizabethan stately
dances, usually on a college lawn or a college dining room. So my feeling, and that
group became my very close friends, and we would go off into the country doing
demonstrations for people, so it was very much the basis of my three years in Oxford.
So the fact that I struggled sometimes with the learning didn’t matter too much,
because I had a fantastic social life, rather different from what people usually think of
as Oxford social lives, but everybody finds their own group of things they want to –

[20:53]

I also rowed, I’d never rowed before, but one of my friends in Somerville wanted to
get together serious rowing. And she persuaded one of the men’s colleges, she was
sort of young woman who seemed to manage to have boyfriends in most of the
colleges, but anyway, she persuaded one of the men’s colleges to lend us first of all a
four, and subsequently an eight, and got together eight of us, and eventually we
challenged Cambridge women, and rowed against Cambridge. We didn’t do very
well, but it was a very interesting thing to have done. You know, the heaviest person
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in that boat, probably weighed nine stone, and I remember as we – it was the most
foul day, it was cold, and miserable, and wet, and Cambridge was late because they
got caught in traffic jams, you know, so we were hanging around a long time, but
eventually we run the race. I remember as we came in behind them somebody
shouting out to us, never mind Oxford, you win on looks, which is totally un-PC, but
it was a comfort. But it was quite something to have done, to have rowed, because at
that point there was very – there had been in the past women’s rowing, and there was
in the future quite a lot of women’s rowing, but at that point there wasn’t any. It had
just, you know, faded out.

Do you know what people actually thought about you resurrecting it?

Well, the college bought us a set of oars with Somerville colours on them, so the
college supported us. We got a certain amount of press coverage. The one I liked
was a proper one on The Times sporting pages, you know, that describe it. But there
are others, you know, pictures of us sort of – there was somebody taking a picture
from a bridge over the river while we were sitting easy with the oars just laying out,
and the oars were not at particular angles, and so the thing was judging by the angles
of the oars they’re going to have trouble racing in this boat, you know, something
particularly unpleasant from the papers. So I think – I think on the whole it was
thought to be quite a good thing. I mean, we didn’t get criticism. As I said, the men’s
colleges supported us because we used their boats, we had to row in their boats. I was
doing this all through my finals years, so it probably didn’t help my finals. Because
we would get up several mornings a week and go down to the river at 7.30 in the
morning in the cold and do something, eventually get back and have some breakfast,
and you’re not at your most alert if you’ve been up doing rowing first thing in the
morning [laughs].

[23:36]

What did you actually like about dancing as well, was one of my other questions?

About?
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Dancing.

Well I do like music, and I’ve always liked dancing, I mean we did ballet dancing
when we were little. So I think a sense of rhythm, it’s a very rhythmic sort of
dancing. So first of all it was, it’s a good social thing, dancing with other people, it
was something I could do rather well, and I do love doing something to rhythm. So,
you know, there were a lot of reasons, ballroom dancing wasn’t nearly as much fun
actually I suspect, not that I’ve done much ballroom dancing.

Doing something to rhythm–

Scottish – formal Scottish dancing would be the same sort of thing.

The thing is I think to the rowing there as well, which I suppose is quite erythematic
as well.

Yes. Rowing was lovely, because I told you already I was hopeless at anything
athletic at school, and it was lovely to do something starting from scratch with a
whole lot of other people starting from scratch, so we didn’t – you didn’t have any
history of not being able to do it. That was one thing. Two, it neither required me to
run, nor to catch, if you think most sports require you to run and/or catch and neither
of those am I particularly good at. So it was – there was a lot to be said for rowing, I
enjoyed it. Well I didn’t always enjoy the cold morning, but overall. The problem
was we didn’t have time to get good enough, having got an eight together, we had
very little practice, short practice time. We could have been a lot better than we were.
But still, we did it.

What else was in your social life?

What about?

What other things did you do for fun?
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Well I didn’t have – there wasn’t a lot of time left [laughs]. I mean, the dancing, my
main social life was the dancing, effectively that group of people because I became
part of the inner circle of that, I was the president last year, you know, all the things
we were doing. It was – it occupied me Friday night, and Sunday afternoon, and often
something on a Saturday too, you know, so it was very much part of the social life in
that group. Apart from that, well the usual things you go off, there’s so much music
in Oxford you can go off to and watch the plays on in the summer, and things like
that. But I mean going off to a pub drinking wasn’t part of it. And certainly when we
went out on these Saturday, we’d go out demonstrating, and often that would be on a
pub lawn or something, so you’d finish up with the Morris men having a beer or two.
But it was a rather innocent social life I would s ay.

I was going to ask you actually, what was a Saturday night entertainment typically?
If you could just describe it to me.

Well Saturday nights if we did anything, what we – I think it might have been more
later on. One of the people, the sort of the senior people in the university was
involved with this club, was doing things with the, whatever you call them, the local
authorities. He would take a group out to entertain the pensioners or something in a
village, so that was the sort of thing we might do on a Saturday night. I mean, so it’s
not exactly a Saturday night, it tended to be on a Saturday, so he would take a minibus
full of us out to dance for the pensioners and maybe dance with the pensioners, so it
was worthy doing good. But it was a lovely group, you know, my friends, I enjoyed
it.

Who else was in this dancing group?

Sorry what?

Who else was in your dancing group?

Well a whole lot of – the people who – well he was a reader in Christchurch, but most
of the people were other undergraduates. The only one I’m still in touch with is the
lady who I said is now living in Aberdeen, and her husband, and I knew them, I mean
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she did DPhil at the same time as me. She and the lady. who I said –sad, my first
practical partner who died, the three of us shared a flat when we became
postgraduates. And so I mean, I’ve known them all the time, and her husband was
part of that, her now husband was part of that dancing group. The rest I don’t – you
know, I hear some news of them but I don’t still know them. There has been the odd
reunion of that group, and it’s quite interesting to see some of the people, but they
were not close friends, it was just these two who were the close friends. And they’ve
continued to do some dancing, I never did any subsequently.

Who are the two closest friends?

Who are, or were?

Well were in one case I suppose.

Well the lady who died who, as I say, was my practical partner, and I continued being
friends, there’s the one who lives in Aberdeen, Vivien. So Gillian was the practical
partner, and Vivien who was part of the dancing group, so we were all reading
physics. And those would have been my closest friends, but then there was quite a
group of people, because that’s the physics group, but we got to know the people
doing English, so there was three or four of the people reading English that we got to
know fairly well, in the sense of having coffee together, and chatting, and perhaps
going – they didn’t do country dancing. The friends, the male friends I had would
have been pretty well all through the dancing I think, so there were people who were –
well my – I met my husband, my then husband as it were, my ex-husband, through the
dancing, he was one of the musicians, he played the accordion.

What is his name?

Bob Higgins, didn’t you guess?

What did you like about each other?
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Well he was a musician, I think the fact that we were very different, you know, I was
a scientist and he was a musician. I mean, I became more and more interested in
music, I mean the fact that he was a musician, he was studying music and was singing
in opera and things like that, I found absolutely fascinating. So I don’t think I ever
asked him, but I suspect that the reciprocal was true, you know, that the science was
interesting. So in the sense it was an attraction of opposites, which probably was
why it didn’t last indefinitely.

[30:18]

Did you actually marry at university or later?

No, not until the end of my PhD. I actually finished the PhD early, got married, and
said I would write it up, so I did all the things you tell your own students do not do
this. You know, so I left Oxford at the end of the second year, having not written the
PhD, and then took two years to write it up, I was lucky I had enough stuff to write it.
Very tolerant supervisor. And what did I do, I went to teach physics in a school,
because what did I know? I could do nothing, I mean I knew I could teach, well I
didn’t know I could teach but there was an opening so I became a teacher in a sixth
form college grammar school in Yorkshire. He got a job teaching music in a nearby
school, I got a job teaching physics. We’d no training whatsoever, I mean a total
disaster, and launched into teaching with no training, and it was a disaster too.

[31:24]

I mean, some of the younger classes, I have no experience in how you manage them,
what do you do with them. And the thirteen year old – they were mixed classes too,
and I didn’t have a lot of experience in trying to handle mixed, well I had no
experience in handling mixed classes. And a mixed class of thirteen year olds is very
difficult because the boys are little twerps, and the girls are trying to show off, you
know, they’re trying to be sophisticated, and they actually rub each other up, so with
an un – unskilled teacher very difficult to handle. I can remember thinking when I
knew I was leaving to do something else, thinking, 3T and 3U, which were the names
of my bugbear classes, if I add up all the hours I have to be with them, it’s less than
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twenty-four, you can do anything for twenty-four hours and get through it. I actually
enjoyed teaching the sixth form, I do enjoy teaching, but I did not enjoy trying to – the
social dynamics of young children. And it wasn’t made easy by the fact that the
school had six parallel forms, it was a very big grammar school with a sixth form
college on top. So it had quite a big science teaching team, but it had decided it
would teach the new syllabus in physics which had been developed by Nuffield. Now
it was a very interesting syllabus, we were supposed to learn by experiment, you did
experiments and you discovered the law of levers and so forth. So it required quite a
sophisticated teacher to handle that for a start. Secondly, you had boxes of apparatus,
little bits, you know, so the law of levers you got little weights and things like that.
And the school in its wisdom saved money and it bought one set of everything. So we
were trying to teach six parallel forms which meant that you spend half – first of all
had to teach the syllabus in the wrong order, because we couldn’t all teach the same
class at the same time. Secondly, you spend half your time collecting all these
flipping bits back again. I remember doing – but that was teaching to the first year, on
the whole I enjoyed teaching the first year, the eleven year olds were quite fun. But I
remember we were doing something on crystals, and so we were telling them that
things were – you know, showing them things would make crystals, we could grow
crystals. And one child came back and spoke to one of my colleagues, not myself,
and said, ‘I’ve poured a whole two pound bag of sugar into my jam jar and I still
haven’t got any crystals’. And this guy was thinking, his mother’s going to be in here
complaining about this, because sugar is the most difficult thing to crystallise, it just
goes into a syrup, it just doesn’t crystallise. And the other thing was we had to show
them how, if you take a crystal and you cut it – hit it at the right angle, it cleaves, it
cleaves along the plains of the crystal, I don’t know whether you’ve come across that.
But that’s the same way you cut jewels and things. So we had a big, I think it was a
calcite crystal, that you were supposed to show the cleaving in front of the class. But
owing to the fact that we got only one set between six, we hadn’t got many spare
crystals, so the only time in my life I’ve ever cleaved a crystal was in front of thirty
eleven year olds, and I couldn’t practice, I just had to do it [laughs], and it did cleave,
thank goodness. That was quite terrifying.

Was being a teacher something you’d actually wanted to do when you were at
Oxford?
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No, not particularly. I wanted to get married, and didn’t know what I was going to do.
I mean, I had to earn money, and I suppose because my mother had been a teacher, I’d
always sort of known that teaching – and I’d done a little bit of teaching, I’d done
some tutorial teaching at Oxford, so I – and of course we’d done all this peer type
stuff in the school. So communicating about he science wasn’t something that I didn’t
like the thought of, but you know, how you plan lessons and how you handle a class,
is a – you need help and you need techniques to do it. And I don’t actually think I
would, you know, even if I’d had proper training, I’d had been particularly keen on
doing it. I, on the whole, wanted something more stimulating, and more stimulating
students than eleven year olds. That sounds patronising, what I mean is I found it
easier to communicate with people who were thinking at a more advanced level on the
subject.

I was going to ask as well actually, so you went to Somerville which was a women’s
college, how many of your peers were actually doing science?

Well, there were eight started reading physics, there were probably eight doing
chemistry, and eight doing – probably of that order, doing chemistry and doing sort of
biological sciences. I don’t know but I would guess. And there would have been a
group of mathematicians, but I know there were eight doing physics, within a term
there were four doing physics. They went off and did other things, I mean that was
one of the things that the Oxford system would allow you to do because you tend to
apply on a limited range of subjects, because you didn’t know about some of the
others.

[36:43]

So one of them was the daughter of Dirac, you know the famous Dirac in physics?
Not the daughter, the granddaughter. He was very much one of inventors of quantum
mechanics, Paul Dirac. And she went off and did geology very sensibly, I mean, you
really would not want to do physics with the name, it’s a bit like having Einstein as
your name, you know, it would sort of hang over you. One went off and did a group
of subjects called PPP, you often hear people talk about PPE, but PPP I think had
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psychiatry in it I think. One did French, completely differently. And what did the
fourth one do? Er … I just can’t think. By anyway so four dissipated and four of us
were left doing physics.

Were you tempted to leave and or something different?

No, no, not at that stage, not at all. No, I – I wouldn’t have wanted to go and do
anything else. So when you say how many scientists, they took – our entire year was
about eighty I think, maybe 100, and so you can see that if you add up that lot about a
third were probably doing science, which was quite a bit chunk in those days.

They’re about to throw us out?

No, no, what’s the time. I think we should finish fairly soon. We’ve got 5.20.

Got one or two other questions upon this track as well actually, I was just wondering
you know, when you were actually doing science were you doing it in other colleges,
or other departments as well?

Well, there is a department of physics, it occupies two buildings, the Clarendon Lab,
and the Blackett – not Blackett, that’s Imperial. What’s the other one? Clarendon
and–

Cavendish?

Pardon?

Cavendish? No, that’s Cambridge.

That’s Cambridge.

That’s a terrible mistake.
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I can’t think, I can see the Clarendon, and the one next to it, I just can’t think of its
name, but anyway, so two buildings adjacent in which we were taught, so we had
lecture theatres there, and we had labs there. The tutorials would generally be in the
office of whoever was your tutor, which might be on your own college, or might be in
another college. So you would go to somebody’s office for that. But unlike the arts
people who were based much more in college for their teaching, we tended to be in
the physics department most of the time.

Were there many other women from other colleges sitting physics?

No, I think my memory is we were about ten out of the 200 total. I mean, that’s not
unusual. I’ve a friend, an older friend in Imperial, who read physics in Imperial, and
she was the only women in the year.

How did you feel about being in that minority at the time?

It sort of – it was okay, because we got our group in the college, and we were quite
strongly together, you know. I think one felt rather a – you felt very much a minority,
but the college system gave us support, I think it would have been far harder to be at a
university where you didn’t have that back up.

Hmm. It was okay, that was an interesting sort of phrase, was there any reason it
wouldn’t have been?

Well for example, as she said, that when she was doing practicals, the men used to
come and stand watching them, waiting for her to make a mistake. Now, that didn’t
happen to us. I do not remember any overt sexism or that, it’s possible it happened,
but I don’t remember it. So that’s what I mean by it’s okay. It’s – it’s slightly lonely,
but on the other hand that’s why you need to arrive in a group of four all knowing
each other, you know, if there are four of you, you feel as though you’re okay. If
you’d had to walk in, if I’d had to walk in a room of 200 all on my own, I might not
have been quite as relaxed about it.

© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 59
C1379/55 Track 3

It’s an interesting way of putting it, we were this little group of four though, it’s still
sort of seems this us and them going on. Is that actually the way–

No, I don’t know that there was terrifically, but … still, have you often had to do
things in a room which is entirely 100 and something women? You feel quite
conspicuous I can tell you.

How did the actual other students treat you?

Fine, I don’t recall any, you know, we probably in a sense didn’t interact hugely,
because we were having our tutorials with our own peers, in the labs we were paired,
most of the time we were paired with people from our own colleges. Didn’t always
work, but most of the time. And in a lecture you just go in and listen to the lecture.
So you’re not working with them. I mean, I know now, I hardly notice it, but
somebody who is doing physics at the same time as me, did a PhD at the same time as
me, I only knew him a little bit then who then became a professor at Southampton is
now retired. And knowing him now, he would have been perfectly friendly at the
time, you know, in the sort of general sense. So I suspect that doing sciences you’re
already such an odd group of people anyway, compared to the arts people, that people
often ask if I can remember prejudice throughout my career. And I’ve not really, I
can’t. Now whether I just didn’t see it, or it wasn’t there, or I engendered a different
reaction, I just don’t know. But I can remember feeling at times very conspicuous or
lonely, you know, because I was the only one there, and this business of being shy,
you know, if you’re the only one, and then you could go and talk to people, it’s quite
hard.

[43:07]

Could you actually talk me through what a day’s activity was like in the physics lab?

Well we probably had one or two lectures first, nine till ten, and maybe ten till eleven,
and then we’d go to the lab, and what we’d be given is a set of apparatus and a script
that said these are the things you’re supposed to find out about. And then – and then
would be demonstrated around, so if you couldn’t make head nor tail of it, you could
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get somebody to come and give you a push to start it. And then you’d do a set of
experiments, you’d take data and then you have to write it up in a formal sense. So a
sort of section on what you were trying to do, a section on how the experiments were
done, and something on aero bars, and what you thought the results were. So a formal
lab book write up of what the experiment was. And then that would be marked by
one of the demonstrators in the lab. You had to do it, but the actual value of that mark
didn’t make a huge difference to your degree at the end, only to the extent that if you
didn’t do it and didn’t pass each one, they made you do a practical exam for finals.
And we were told what they did was give you the kit and the question without any of
the script, you know, so you had to do this lot. Now that’s what we were told would
happen, but it might have been all myth to keep us doing the experiments. So I do
remember with us being in the second year, that we were doing these two days of
experiments and my friend Gillian, the one who I said died, she’d sit in my room in
Somerville dealing with the data while I went off dancing for the evening. I always
thought that was a bit tough, but she said she wanted to get on with it, so I’d come
back and she’d been sort of working out some of the data. Why in my room, because
I as a scholarship I had a room in college all three years, in the second year all the rest
of them were out in digs. So she’d be using my office, my room, to write up. With
hindsight, leaving her while I went off dancing seems a bit tough but she said she
didn’t mind. There were other times when she wanted time off, the thing was we in
principle had Saturday morning to continue doing this, but she preferred and I was
quite happy with that, to effectively get it finished on Friday night if we could.

Did you have any particularly good lecturers or bad lecturers, or lecturers who stick
in your mind one way or another?

We had some very bad ones. I remember one in the first year was supposed to teach
us, what’s it called, Hamiltonian mechanics, and it used the symbol Psi, the Greek like
that [writes Ψ], and he was Dutch and he was sort of talking about these psis and psi
stars in a very thick Dutch accent. I really do not recall anything of those lectures at
all, that was a first year lecturer. We had a guy called … boy, oh dear, Blyn-Stoyle,
that’s his name, and he went off to be head of – possibly head of science, but certainly
head of physics, in Sussex University, and he was a very good lecturer, very clear.
Just for a minute can’t think what he was lecturing on. But he was – yeah, I do
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remember those being very clear careful lectures. So we had some that were good,
but we had an awful lot that really not very good, to the extent we just didn’t go to
them, we said we could learn more reading the text book, which is probably true.

How did you actually do overall?

Oh, I got a second class degree, because they only did them – they didn’t divide the
seconds, but my tutor wrote to me and said, well, you were a third of the way down
the second, so you count yourself as having an upper second, that was his view.
Vivien, the country dancing one, got a first, which was – what was very frustrating
was she got a first, she’d got a very good brain, she wasn’t very interested in doing
much, she did – she started a PhD, well she got her PhD in the end, but she really
didn’t particularly want to do it. She didn’t have the drive or motivation to do
something with that sort of brain, you know. It seemed a shame. Yes, I think so.

[End of Track 3]
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[Track 4]

So when you reached the end of your undergrad, what do you decide to do next?

I don’t recall deciding, except I did decide obviously that I wanted to do research.
Now at that point in physics everybody wanted to do research into elementary
particles, it was one of those periods of time where the sort of – the ideas had been
developed theoretically and people were out there doing experiments, discovering
new particles all the time. And they got a structure, and you know, if we could
discover this and this, the Omega meson seems to come to mind, then the structure
would be beautifully complete. So, you know, it was one of those bits of physics
where you think you’re completing the pattern, with hindsight, as I think I mentioned
to you last time, I don’t think physics ever completes the pattern, there’s just a new
phase opens in front of you. [Coughs] So I wanted to do elementary particle physics,
and I applied to Oxford, but so did everybody – everybody else wanted to do
elementary particle physics, and it was clear I would have difficulty getting in because
I wasn’t – well, I didn’t know, but I was pretty clear I was going to be top of the class.
So I also applied to Imperial College. And I was offered a place at Imperial College
to do elementary particle physics with a science research council grant for three years,
all nicely set up. And I was offered initially a one year possible research placement in
Oxford with elementary particles. But then my tutor, who I think I’ve already
mentioned, Neville Robinson, who was extremely good as supporting us, he wasn’t
actually brilliant at teaching us in the first year, but he was very good at supporting us,
introduced me to a new arrival in the chemistry department, not the physics
department, but somebody that he’d met. This was a young guy called John White,
only about four or five years older than me. He’d come from Australia, he got a post
in the chemistry department, physical chemistry, and he wanted to start a technique
called neutron scattering. I think we should come back to this in a minute and I’ll
explain why he wanted to do that. But just to finish the story of what happened for
the PhD, he thought that somebody with a physics background might take it better
than somebody with a chemistry background. And so out of the blue I went to talk to
this guy, and what he wanted to do sounded interesting, and he offered – he offered
me a three-year studentship in Oxford to do this neutron scattering, but in a chemistry
department. And you might call I hadn’t done any chemistry at that stage for about
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five years. [Coughs] One little side light on this, it was one of the years when there
was a postal strike going on. So letters, offers, I mean we weren’t obviously on email,
or fax, or anything else, offers had to come via telephone. And I had telephone calls
from Oxford, and telephone calls from Imperial College, and I had to make up my
mind rather rapidly. And I can remember, I can vividly remember walking round in
the back garden at my parents’ place trying to decide what I was going to do. And it’s
interesting, because there was Imperial offering me what I said I wanted to do, there
was Oxford offering me something completely different in a chemistry department,
and I chose Oxford.

Why?

Now I like to think there was a certain bravery in it, but I can tell you also all my
friends were staying in Oxford, Oxford was what I knew, but I think I also found it an
interesting idea, I thought it would be interesting. And it turned out to be one of the
best decisions in my life, because it moved me into a completely new field that
nobody – very few other people were in, it gave me something that was my own, and
something that subsequently I found extremely interesting. So it was the beginnings
of the whole of my science career, it was an extremely good choice. But I can’t say I
thought all that through carefully, I do remember the choice having to be made.

Do you ever wonder what would have happened if you’d gone the other way to
Imperial?

Absolutely. Well one of the things I do know is that permanent posts in elementary
particle physics are very hard to come by, you tend to work in very big teams, so
making your own name in it would be difficult. And my guess is that I probably, or
quite possibly, would not have finished up as a research scientist in a university. But
you can’t tell, but it would have, I think, have been more difficult to make my way as
a scientist in that field.

[04:35]
Would now be a good time to begin discussing neutron scattering do you think?
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Okay, yes. And I can also then explain why John White was interested in doing it.
What I – first of all you know what a neutron is, it’s an elementary particle that forms
part of all nuclei, so the nucleus has got protons and neutrons in it, and as you go up to
the heavier and heavier elements in the periodic table, there is an excess of neutrons
over protons. So if you start with hydrogen, hydrogen has a proton – as you go up
you find you got a proton and a neutron in some of the elements. By the time you get
up to uranium, for example, you get a lot of extra neutrons. Now that’s important
because when you get to the radioactive elements, when they break up into smaller
elements, they release a number of neutrons, so there’s some spare neutrons. If you
make some small molecules from big ones, you’ve got spare neutrons. The neutrons
can then go off and cause a second atom to break up, that’s the basis of a chain
reaction, okay. So the spare neutrons cause other nuclei to break up. If you contain
the whole thing in a small space, so the neutrons aren’t escaping off into the
atmosphere, then you can have a chain reaction, and if you control that process then
you’ve got a nuclear reactor. If you don’t control it you’ve got a nuclear bomb. So –
and the neutron had been discovered in the ‘30s, the idea of the bomb of course was
developed during the Second World War, but at much the same time people realised
they could control the chain reactions and they could build nuclear reactors,
potentially for power, but also for research. And in fact there was a whole raft of
reactors built around the world, I would say late ‘40s, during the ‘50s, designed to do
research. So they were designed to run a chain reaction, but to let some of the
neutrons out. If you built a power reactor, what you want to do is keep all the
neutrons in, because you want to sustain the energy. But a research reactor, beam
reactor as they’re called, is essentially designed with holes in it so the neutrons can
come out, and then you can use the neutrons as a tool for investigating material.
They’re interesting because they carry no charge, people had already been using
electrons to investigate material, they’d been using X-rays to investigate materials,
you got right back to the Bragg’s, in about 1910 I think, using X-rays. Neutrons, as a
neutral particle, can also be used to investigate materials to step sideways all very
small particles, act as particles, and act as waves. So I don’t know whether you knew
that, but – so electrons can act as waves. There were some wonderful experiments
where people made patterns by scattering electrons that looked just like the patterns
you get when you scatter light, or when you scatter X-rays. So they demonstrated that
electrons act as waves, and you can do things with them that you would do with other
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– electromagnetic waves, like X-rays or light, or infrared or any of the
electromagnetic waves. Neutrons, small particles, they also act as waves, so you can
do experiments with them, so you can do the equivalent of an X-ray experiment with
the neutrons, and so you can scatter the neutrons from material, and for example
measure the crystal structure. But because the neutron is neutral, first of all it
penetrates much more deeply inside the material, [coughs] secondly because it’s –
because it’s heavy compared to an X-ray, for example, the energy that’s associated
with the given wavelength is very different. So an X-ray with a wavelength that’s
comparable to the structure and material is very energetic, an electron that had that
sort of wavelength would be very energetic, a neutron is much less energetic. So if
you want information about not only where the atoms are in the material, but how
they’re moving, you’re exploring a different range of relating the movement to the
spatial arrangements. Is that reasonable clear, or am I getting you – so the neutron,
and neutron beams, was interesting as a way of investigating materials and people
built the reactors and it was the beginnings of a new area of science, neutron
scattering, neutron diffraction, it had various names. In the UK they built two reactors
at Harwell, which is not very far from Oxford, south of Oxford, one was called DIDO,
and one was called PLUTO. And they were beginning to do research using those
reactors, during the ‘50s there was research. But most places in the world [coughs],
sorry, including Harwell, the research was done by physicists who were employed by
and working at those laboratories. Then slowly people started to get involved from
the universities, so the universities realised this was a possibility, and started to do
experiments. But it was still largely people wanting to do physics type experiments,
so there was a very successful group, for example, at Cambridge that was doing
experiments at Harwell.

[10:05]

The interesting thing about John White was he was a chemist by background, and he
met some of the scientists at Harwell, one of whom, a man called Peter Egelstaff, was
a bit of an evangelist to people who didn’t know about neutrons, potentially about the
possibility of using neutrons. What John White realised was that you could do the
equivalent of what’s called spectroscopy, looking at how atoms and molecules move
and vibrate, using the neutrons, but one thing he had particularly grasped was that the
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neutron interacts differently with different nuclei, okay. Now the X-ray interacts
differently with different nuclei, but – or different atoms because it’s the electrons that
the X-ray interacts with, and simply the bigger the atom, the more electrons it’s got,
the stronger the interaction with the X-ray. That’s not the case with the neutron, it’s
interacting with the nucleus, it doesn’t know about the electrons, it goes straight to the
nucleus, and the way it interacts with that nucleus varies throughout the periodic table,
in not totally predictable ways. But the thing that John White had realised was that if
you take heavy hydrogen, deuterium, and compare it to hydrogen, there is a very
different interaction between the neutron and those two nuclei. Now if you’re a
chemist you already know that you could very easily make materials with deuterium
replacing hydrogen in the material. And it turns out if you – if you scatter a neutron
of the material with deuterium where the hydrogen is, you essentially don’t see it,
there’s much less scattering for the sort of scattering he was interested in. And I have
to put some brackets round this, because it depends what sort of scattering you’re
doing. But if you’re simply looking at vibrational energy, which is called incoherent
scattering, then as far as the experiment was concerned, something with deuterium
where the hydrogen was, was more or less invisible. Now his view was then I’m a
chemist, I’ve got interesting molecules, I would like to know how different parts of
those molecules are going to vibrate. If I can make some parts disappear by putting
deuterium where the hydrogen was then I can highlight the other bits. And that was
the basis of the project that he outlined to me for my DPhil. What he wanted to do
was to look at things called inclusion compounds, these are – these were materials
were one set of molecules makes a cage structure, like 3D wire netting, and traps
another molecule inside the cage. So there’s no chemical bonds, it’s just held there by
the fact that it can’t get out of the cage, and they’re called inclusion compounds
because the bond molecule is included inside the other. And he thought it would be
very interesting to look at the vibrational motion of the trapped molecule, but if you
did ordinary spectroscopy using infrared or Raman, the motion of the tapped molecule
was masked by the enormously larger weight of the surrounding cages. So his ideas
was to put deuterium in every place where hydrogen was in the cage structure, thereby
highlighting the trapped molecule inside. So that was my project to look at these
inclusion compounds, to use deuterium to damp – to essentially get rid of the signal,
make it invisible in the spectrum, and just look at the trapped molecule.
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[13:45]

So there I was when I turned up in the autumn, the first thing he said was, ‘Now we
will put deuterium into these cage molecules,’ which is chemistry may I point out
[laughs], and I’d never done any chemistry, not for five years. So what we had to do
was to essentially take the materials that was going to make the cages, which is called
hydroquinone, and replace all the hydrogen in it with deuterium. It turned out that to
do that what you had to was dissolve the hydroquinone in heavy water, D2O, heat it
up to 200 centigrade under pressure, because otherwise it would have evaporated a
long time before that, so a giant pressure cooker. And then at those very high
energies the hydrogen and deuterium would exchange. So that was the theory. I
remember turning up and being told I was going to do this. The recipe had been
published in a Russian journal, in Russian. Now I didn’t speak Russian, but all the
other students in the chemistry labs had all done a language as part of their chemistry
degree, they had to do a paper in a foreign language. And it turned out that another
student working with John White, who happened also to be called Julia, and I’ll give
you a remark on that in a minute, had done Russian for her language in her chemistry
degree, and she translated the paper for me, so I had the basic recipe. But in fact it
was not very – it was sort of sledgehammer chemistry, if you like, all you were doing
was hitting the material at very high temperature, and making the molecules
exchange. The problem I had was, okay, this material we put it in the D2O, we put it
inside the pressure cooker, and these pressure cookers, they were called autoclaves,
since they were marginally dangerous, we were working with rather high pressure,
they were on the roof of part of the chemistry department. The trouble was I hadn’t
realise, when we opened it up, I had put in nice clean D2O and white crystals of
hydroquinone, and what I got out was a black sludge, because the high temperature
and pressure had actually degraded a lot of the molecules and essentially made
carbon. So what I then had to do was purify this material. I’m really quite proud of
the fact that with no chemistry I finished up with about ten grams of beautiful white
crystals of this deuterated hydroquinone to do experiments with. So it did work out in
the end, but it was quite an interesting learning curve this.

How do you actually purify it?
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Well, you have to dissolve it, first of all you dissolve it in solvents that aren’t going to
dissolve the black sludge, and then evaporate off the solvents. And I can’t remember
a great deal of the detail, but I do remember that as far as I was concerned I didn’t
know much about danger in chemistry, I would pipette things that were probably
lethal to you, and, you know, using fume hoods, I don’t recall doing it. I can also
recall that John White was a little bit gung-ho about things, and at one point we had a
magnificent ether fire in – I think we were using ether as a solvent, and suddenly we
were distilling off the ether, and suddenly there was a splendid ether fire in the fume
hood [laughs]. Just as a remark on the fact that the other female student in the group
was called Julia, there were quite a number of people who vaguely assumed that Julia
was a generic Australian term for female [laughs], a bit like Sheila, because John
White had come from Australia.

[17:25]

What was John White like?

Oh, very charming, still a good friend of mine. About six foot eight tall, very tall,
with very long legs, and if ever he was going somewhere I was trotting along behind
like mad. As I say, very charming, very kind, but also the sort of person who rushes
in and has a go at something. Now that of course was part of the excitement of this,
he was trying out absolutely new things, somebody who was conservative would
never have done that. But it also meant we did do things like finish up with ether
fires. I remember at one point we wanted a supply of ammonia gas and he found one
of these what’s called a Kipp’s apparatus, I think, which is one of these apparatus,
which is supposed to produce a continuous stream of gas, but you put in I think it was
marble chips or something. I can’t remember the details of what it was, and then acid.
And the reaction between the acid and the – and the solid was going to produce the
gas we wanted. So he poured – he put this – this apparatus was set up in a fume hood,
and he poured in a whole Winchester of acid, and the gas pressure started to back up.
And I watched this acid come up over the top of the apparatus, down the outside,
across the fume hood, and onto the floor. And I was delicately backing out of the
room at this point [laughs]. I can’t remember how we sorted that out, but it was the
sort of thing that happened. So I’m not sure that it was as particularly good retraining
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in chemistry, given the gaps that I had. And that’s been the rest of my life, I mean
I’ve never really made up the background in chemistry that I missed during those five
years. It means I don’t speak the language of chemistry, if somebody gives the name
of a molecule, I don’t know what it looks like naturally, and I, all throughout my life
I’ve got a way of saying to people, will you please draw the molecule. If they draw it
I can imagine it, but I don’t – the language doesn’t immediately tell me what the
molecule is going to look like. I mean obviously for small molecules you learn, but
for the bigger ones not.

What was John White like as a supervisor?

I think he was a good supervisor because he didn’t – he didn’t rush me, he gave me
enough information. I mean, I don’t remember – I didn’t feel worried about asking
questions, it was certainly, with hindsight, it was a very interesting project to be
involved with. And when I went to him about halfway through the second year and
said I’m going to get married, I think I’ll finish this – I won’t finish my PhD. He
taught me a lesson that I subsequently used on one of my own PhD students later on,
he did absolutely nothing, he said splendid and just waited. And within a month or
two I went back to him and said, yes, I will finish the PhD. And when my own
student, my first PhD student came to me and said exactly the same thing, she was
getting married and her husband would be working somewhere else, I did the same, I
sort of – I said, fine, let’s just think about it and just waited. So it was a very good
lesson to learn. So I think he was a good supervisor, certainly for me.

[20:39]

I’m interested as well in this transition between sort of going from a physics
background to actually learning chemistry. What was the learning curve actually like
for you?

Well it was – it was – what I was actually doing was much closer to physics anyway,
because I was doing spectroscopy, so I understood what I was trying to do, I knew
what the spectrum was I was trying to measure, I knew what neutrons where, that
wasn’t difficult. But I was doing it in a chemistry lab, surrounded by people doing
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much more normal chemistry. Although it was – the chemistry labs in Oxford are
divided into three, there’s the organic, the inorganic, and the physical, and I was in the
physical chemistry lab. So it was closer to physics than would have been if I’d been
sitting in organic chemistry. But one thing they had, every student when they first
arrived had to do a glass blowing course, so I had to do a glass blowing course, which
I was disastrous. I think – I succeeded in joining together two pieces of piping and
that was about the maximum I did. I think I have naturally shaky hands, which have
got worse with age, and I think even then I probably wasn’t very good at doing things
in fine detail, but anyway I had to do a glass blowing course. And of course we have
to do a certain amount of safety. But I think it was mainly that I didn’t speak the
language, but it didn’t matter terribly because of the particular project I was doing.
And what I – I did some tutorial work during the PhD, but I actually was doing maths
for, I think it was for physics students, so I wasn’t having to do chemistry, I wasn’t
having to do tutorials in chemistry, which would have been difficult. Subsequently
when I was a post-doc in Manchester, I did have to do tutorials in chemistry. But we
did thermodynamics, which was much the same, whether it’s physics or chemistry.

[22:32]

I’m interested in, you’ve got these crystals, just returning to the experiment for a
moment, you’ve got these crystals out of your black sludge, what do you actually do
with them then?

Well they crystals as made were in a form called alpha-hydroquinone, if I remember
rightly, I’m thinking back an awful long time, which means they did not – they didn’t
have the cage structure open enough to attract molecules. What I then had to do was
re-dissolve them in the material that I wanted to trap, which might have been
methanol or other smallish molecules, and re-crystallise from there, and if you did that
they formed a different structure called beta-hydroquinone, and the betahydroquinone had the cage structure. So the cage structure was, if you like, sort of, I
use the word catalyse, but it’s not a catalysis, but it’s sort of driven by the fact there
was a molecule there that could sit inside the cage. If there wasn’t a molecule that
could sit inside the cage then it formed the other structure, which had a much smaller
space inside. The interesting thing is what I did discover on the side, and I don’t think
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it’s ever been published, or followed up, that the material as made actually had
trapped in it some hydrogen, because the pressure had been provided in the autoclave
by hydrogen, that was the way it had been done. And I found that my alpha crystals,
when I fished them out, actually were producing a gas when you put them – when you
– well I was measuring their density, sorry I’ve just remembered a thing, the crucial
thing that told you whether you’d got alpha or beta form was the density. So I had to
measure the density of my crystals, and one way you can measure the density of
crystals is by making a non-solvent mixture of liquids and floating them. So I made
what’s called a density gradient effectively, and I changed the mixture. I took two
solvents – sorry, two liquids which were not solvents for beta-quinone, one of them
was benzene, I think the other was ethanol, but I can’t remember, which have very
different densities themselves, mixed them in different proportions until my crystals
just floated in the mixture, and that told me the density of the crystals. So that’s
physics, so – I’ve lost the thread, so I had to measure the – that’s right. So I knew I
had the alpha form, but I also noticed when I was measuring the density that there
were bubbles coming off them the whole time. And I think we demonstrated to
ourselves that those bubbles were hydrogen. So the alpha form actually had trapped
some hydrogen inside it, but it had these smaller cages. But the main thing was the
beta form was trapping the big molecules, so I got my deuterated cage, I’d got a
trapped molecule in it, and then off I went with those crystals to Harwell to measure
the spectrum, but using neutrons rather than using infrared or Raman or whatever, and
got some idea of how they were moving. I’m not sure that what I measured was
world shattering, although very interestingly ten years later, ten years? Perhaps not
quite that much. Yes, about ten years later, when I was working in Grenoble, the
Institut Laue-Langevin, somebody from France came along with some experiments
they wanted to do, and those of us who were working there were always involved in
helping the people from outside do the experiments. And in fact he was doing
experiments on alpha and beta hydroquinone. So the subject of my thesis came all the
way back again ten years later, and that paper was published. John White and I
published a couple of papers while I was – while I was a PhD student. The other
material we looked at which make cages was a very different sort of material there
called zeolites, and they’re natural materials that form in the earth, and they actually
have quite big cages, much bigger than the clathrate cages. So the rock, you can call
it a rock, is a cage structure in itself, and then the idea was to put different molecules
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inside there, and again see how those would move. In that case the rock was not
hydrogen, so it would have been invisible, but there was a lot of natural water inside,
so I had to exchange the natural water for something else, and then attempt to – we
were trying to trap, I remember, that’s why we needed the ammonium, trying to trap
that inside. Both those papers were published, so didn’t do too badly.

It seems quite fun talking about the sort of actual science that’s going on in this
making of the crystals, but I was wondering if can just sort of broaden out from it
slightly to maybe a description of the equipment you were actually using.

Yes, okay.

And assume I’ve never seen a chemistry lab before in my life.

[27:32]

Okay, well what I was using in the chemistry lab was very simple sort of glassware,
and beakers, and apart from this autoclave, which was like a large pressure cooker, I
wasn’t doing anything very complicated in the chemistry lab, so equipment wise you
wouldn’t see anything. On the other hand when you go to the reactor, this is
completely different. Have you ever been to a nuclear reactor?

No.

Well for a start the reactor, there’s a core of the reactor in which there is a controlled
chain reaction going on, in which there is a radio active being rich uranium, and it’s
surrounded by water, which acts as a moderator. It slows down the neutrons and
makes sure – it helps control – it slows them down so that you can actually maintain
the chain reaction, otherwise they would come off at such energy most of them would
escape. And the chain reaction itself is controlled with graphite, which effectively
absorbs the neutrons. So you put more or less there, in order to maintain the chain
reaction without letting it run away and become a bomb. So that’s a rather simplified
view of the heart of the reactor. But that of course then has to be hugely shielded,
because it’s producing a lot of radiation. So when you go to visit the reactor, the first
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thing you see is something that looks like an inverted saucepan, which is the outside,
which is simply shielding. But you then go through double airlocks inside that, and
inside that there is a circular, on most reactors, there’s a circular hall, out of which
come beam lines, so it’s as though the reactor itself at the middle is a giant light bulb,
and then you have shielded pipes effectively allowing the neutrons out, this is an
exaggeration. And then depending on the experiment you want to do, you will see
equipment around. But the equipment, the equipment I was using was about the size
of this room, I mean it’s big. Now in the case of the experiments we were doing what
they wanted to do was to select a particular energy, and that’s synonymous with
saying a particular wavelength, it doesn’t matter which but I’ll say energy, of
neutrons, off the spread of neutrons that were coming from the reactor core. The
reactor core produces a whole sort of, if you like, white neutrons, lots of different
energies, lots of different wavelengths. In order to do the experiment we wanted a
single wavelength, and that was achieved in this case by something called a velocity
selector, so it was done by selecting the speed with which the neutron could travel.
And it was a very simple device, it was a cylinder with a helical slot cut through it.
Now if you imagine you’re a neutron coming along, and you get to the mouth of the
helix, as the cylinder rotates, the next – it’s a bit like a revolving door, the next piece
of the helix becomes open to you if you’re going at the right speed, if you think about
it. So if you rotate that, whatever speed you’re rotating that cylinder at it will be
permanently open to something going in a straight line with a certain speed. And so
by rotating the cylinder at different speeds, you could pick out a particular
wavelength. So that’s what was being done with a velocity selector, particular
wavelengths were being chosen, particular energy. That then hit the sample, but again
inside lots of shielding, the sample temperature could be controlled, in my case I
wasn’t particularly bothered about having different temperatures, but a lot of people
want to do experiments at low temperatures, for example. So you might have a socalled cryostat or a heater that will change the temperature of the sample, and then in
my case the neutrons scattered from the sample, go off in all directions, and there
were a set of I think it was seven or eight detectors that would detect when a neutron
arrives. That in itself is not a trivial point, because the neutron is neutral, so you’ve
got to have something that detects when it arrives. [Coughs] And I can’t recall, I
think they were probably gas detectors, I actually cannot recall at this moment in time
what the detectors were, but there was an array of them. And then what you do, it was
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called a time of flight spectrometer, you note the time of arrival of the neutron. So
you know when the – when it left the sample, you know when it arrived, [coughs]
sorry, so you can calculate its velocity, and if you know its velocity, you know its
energy. So what the detector measured was the pattern of neutrons as a function of
their time of arrival, how long it had taken them since they left the sample. And that
was a pattern of neutrons as a function of their energy. So we put in one energy, we
were getting out a whole range of energies, and that told us that those neutrons had
picked up something from the vibrating molecules in the sample, and the spectrum
told you different types of motion that the vibrating molecules were doing.

By spectrum, what do you mean?

Range of energies. So I mean, in light you know what a spectrum is, there’s a range
of wavelengths, if you take a prism and shine light onto it, you get the whole rainbow,
that’s the spectrum of light in the visible range. So a spectrum just means a range of
wavelengths, or in fact a range of energies. So a spectrometer wants to measure the
range of energies coming from the sample.

What do you actually see, what sort of display do you actually get to see what’s
happening inside?

Essentially nothing. I mean the way the apparatus was set up, we didn’t see anything
until two days later when it had been – the big magnetic tapes had been put through –
I mean, remember this is early ‘60s, put through a computer and had got back a
pattern which simply was, I think it was time of flight, which I could translate into
energy, and number of neutrons arriving during the ten hours of the experiment. So it
sorted the neutrons into those that were travelling at different speeds, and so you just
got a helical pattern where the horizontal line said time of arrival, and the vertical line
said how many. So if an awful lot were arriving, it said that meant that that particular
energy was rather favoured in the sample, it probably told you there was a particular
frequency of motion of the molecules going on there. But it wasn’t a beautiful nice
sharp pattern, it was a rather difficult to analyse broad picture.
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How is this actual broad picture actually displayed?

On a – I think I first got it on, probably to it on chart recorder. I’m trying to
remember in my thesis, because everything in my thesis had to be hand-drawn. I
think I probably got it off a chart recorder eventually. I think, it was such a long time
ago, I think we actually got it back from the original computer on cards and then from
the cards you could put it onto a chart recorder. But I’m really struggling to
remember that, I’d have to look back at my thesis to tell you the details [laughs]. But
the principle is as I’ve described it. So that spectrometer was designed in order to
measure changes in energy in a sample, if you measured the initial energy, then you
could measure the final energy, you knew what had happened, you knew you’d gained
some energy.

[35:36]

There are a whole lot of different spectrometers you can design, and I think we
probably shouldn’t sit here and go through the whole lot. But, for example, there
were several which were called diffractometers, and there all you are interested in was
the same wavelength in and the same wavelength out. So you weren’t attempted to
measure any changes, and the angle at which those – the pattern – the angle at which
the neutrons came off. And what you wanted to measure was a variation with angle
of the intensity of the neutrons, and that’s a so-called diffraction pattern, and that told
you about the structure. And several of those spectrometers were designed to do that.
One of the difficulties you have with neutrons is you haven’t got very many of them,
even though you’re letting them out of a nucleus, you’ve probably got a million times
less than you get out of a simple X-ray gun for an X-ray experiment. So what you’ve
got to do is be terrible efficient at counting them. So all of the experiments were
designed to have lots – as big detectors as possible, as many detectors as possible, as
closely packed around the sample as possible, simply because you were struggle the
whole time with a very weak signal.

How many times did you actually go to Harwell during the course of this?
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Oh, quite a lot. I mean, we – to the extent that I had – I didn’t have a desk there, but
there was a sort of common room that those of us from university who were doing
experiments would be sitting in. So I wouldn’t say daily, but once we were doing
experiments – because I also I had to do effectively in the analysis I was doing, had to
be done out at Harwell as well. I used to catch the city bus out there, because I didn’t
have any other transport, so it was – I wouldn’t say I was daily out there, but at
different times I would have been daily out there. And you also had to be there to
change the samples over and so forth. They didn’t unleash us uncontrolled on the
reactor, but there was usually a technician there to help. But, you know, it involved
scrambling around this apparatus. I mean they were never easily designed, to get the
sample in you climb over the top and put it down, so it was – or crawl through the
middle or something. And everything had to be controlled for radiation. As I recall I
think we had to wear overshoes going into the reactor, and as I say, we came out
through a double airlock. So the pressure inside the reactor was lower than
atmospheric pressure outside, so if any accident happened to the reactor, it would be
contained inside along with you [laughs].

Is it dangerous at all?

Not – no, not particularly. Interestingly years later, I remember going round part of
Imperial’s domain, which is at – near Ascot, Imperial has a field station, and on that
field station there is a small reactor, not big enough really to do experiments on, but
nonetheless a small reactor. But it also, there’s a lot of biological research. I
remember going there with a colleague who was in the biology department, and he
took me round the labs where they were doing parasitological and everything else,
and I was going round distinctly nervous. Now I took him into the reactor, and he
was just as distinctly nervous, so you’re nervous when you don’t know what’s going
on. What I knew about reactors was that in order to be able to do the experiment,
because the signals were so weak, all the background levels of radiation had to be so
carefully controlled by shielding, they were far below the levels that were considered
dangerous for human beings. So I mean, in principle what you could do was
something stupid, which is put your hand or yourself into the neutron beam, which
would be rather silly, but actually almost certainly wouldn’t kill you. Well it
wouldn’t kill you, conceivable it might trigger a cancerous reaction later on, but I
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don’t think I know anybody to whom that happened, because the whole thing is so
weak. If you did that with an X-ray beam you would be in trouble.

[39:47]

What’s it actually like, you know, working at Harwell, are you sort of controlled in
where you can go, or is it–?

Yeah. Well for a start we had to have passes to go in, I mean, it was – it’s a
controlled area because of the reactors. In fact I think there were five reactors there at
the time, but just these two beam reactors. And it was the atomic energy research
establishment so, you know, it had all the potential for people being worried about
radiation. So you had to have passes to go in, to get into the reactor you again had to
have a photographic pass, and as I say you had to go through airlocks, you had to
wear overshoes, and you had to just check everything for radiation when you came
out. I think the main thing that strikes anybody the first time they think about
working reactors is the sheer size of everything, everything is very big, and what
you’re trying to do is look at something of a molecular size. So it is a little bit like
taking the proverbial sledgehammer to do something very, very precise.

Did you ever have much contact with the Harwell staff as well?

Yes, well the people who were helping, who – because of this guy Peter Egelstaff,
Harwell had essentially set itself up a unit to help, to support people. So there were
several technicians, and as I say there was a common room. So there were people
from Cambridge, I think there were people from Edinburgh coming down, Leicester.
There were several universities interested in different techniques, and of course us
from Oxford, different ones from Oxford. And one – you know, they were very
supportive and very friendly, and one knew them for quite a long time afterwards.
Very, very sad when Harwell closed all its reactors down. But they were ageing, I
was going to say, they were built in the ‘50s, so I guess they closed them – I think
they closed them down in the ‘70s, ‘70s or – ‘80s perhaps.

[41:48]
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I was wondering as well, what value is there in actually knowing about these
inclusions?

Well at that stage I think it was sheer curiosity, really just to understanding, a bit more
understanding of molecular structures. I could imagine that – well understanding
spectroscopy, spectra are anyway a fingerprint of what molecule you’ve got there, so
the whole of spectroscopy is used as a diagnostic, an analytical tool, so that’s where
spectroscopy has largely been important. I think in terms of, in terms of the inclusion
compounds, and in terms of what I subsequently did with polymers, what you would
say is to increase understanding of what’s going on. You wouldn’t necessarily say
that’s immediately going to make you a better toothbrush or mousetrap, but my
personal view is the more you understand about things, the more likely you are to
either to be able to make something better, or to control what it is you’ve got, if you
think about the applications of materials. So basic understanding I would say.

I’m interested, it seems a real sort of split here on one side between what sounds very
much like chemistry, you know, working in the lab, and the physics as well. I’m just
wondering, how do you as a person actually cope with those two very different worlds
coming together?

Well generally speaking I would say I belonged in the physics world, but it’s been
very important to have the feet in the chemistry world. Because one of the things that
people used to, well insult, too strong, but joke about physicists and chemists was that
they would say physicists do infinitely beautiful and detailed experiments on
disastrous samples, samples that aren’t characterised properly, not made properly, etc.
Chemists do make the most beautiful samples, and then don’t do very good
experiments on them, so actually being in both I think has been important. And
what’s been absolutely crucial, as I’ve gone through my career, particularly once we
get onto polymers, is having good interaction with chemists who can make samples
that are worth doing the experiments on, and that’s hugely important. So to me the
worlds are important. I will put myself more on the physics side, but knowing what I
really need in terms of this sample, and not being prepared to – I mean wanting to
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understand properly the chemistry of what I’ve got, so that I don’t misunderstand the
experiments I do, or do experiments on the wrong sample.

You described quite a bit, you know, the Harwell environment with the reactor, and I
was just wondering if you could describe what the chemistry half of this is actually
like. Where were you doing the work?

Well the physical chemistry lab in Oxford is like many labs, so you’d go in and you
would walk into a lab, and the lab would have a whole lot of benches in it, the sort of
thing you see in a school chemistry department even with benches. There would be
gas taps, there would be fume hoods round the wall, there would be cupboards with
chemicals in, and cupboards with glassware in, and probably an awful lot of debris
lying around on the benches, because people aren’t very tidy. And probably some
desks around the wall at which students will be sitting doing their calculations, or
plotting their graphs, or perhaps writing a bit of thesis. Upstairs there was a common
room where we’d all disappear for coffee. There were teaching labs as well as the
research labs in which we were, because there were undergraduates coming in to do
their undergraduate courses, and a couple, I think a couple of lecture theatres. The
physical chemistry lab in which I was working was one of – was a relatively modern
set of labs, I think it was built post-war, or just pre-war. So relatively speaking it was
a modern looking building, which is still there now, at least I think it’s still there now.
They’ve built a lot more chemistry labs in Oxford subsequently, or they’ve extended
them, but I think that physical chemistry lab is still there.

Who else do you share the lab with?

Oh, the other students, John White for example. The chemistry degree in Oxford was
different from the physics degree. The physics degree took three years, the chemistry
degree took four years, and the students all spent the fourth year doing a project in the
lab that was a rather different sort of chemistry degree. So there would have been
four or five final year chemistry students doing their projects. There was this girl also
called Julia, who was doing a masters degree, so she did a one-year masters degree,
and then there were other PhD students, but not I think the first year. I was the first
PhD student John had, and then there were subsequent ones who joined the group, and
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not all of them are doing experiments at Harwell. He was interested in other
techniques, so he had them building other apparatus. And I can’t for the life of me
think what they were building, but it would have been essentially spectroscopic type
apparatus that they were building, not necessarily in the same lab, but in one of the
labs. So you have corridors, you have laboratories off it, inside the laboratories are
benches, the benches might have physical apparatus on, like a spectrometer, or other
measuring tools, or they might have glassware and taps, and quite complicated
glassware, a vacuum line. So pieces of glass connected together so that you could put
a vacuum on it with heaters and coolers if you needed them. They’re usually quite
smelly, because people – even the physical chemistry labs tended to be the smell of
solvents, and the chemicals around. Not that you were meant to have it all lying
around, but it’s very difficult not to have some sort of chemistry going on. People
chatting to each other, people going off for a cup of coffee.

[48:00]

You’ve described quite a few different things, it sounds like there were lots of different
people there working on different bits and pieces.

Yes.

How much do you chat to each other?

Er … I can’t actually remember the details, as I said, because I was the first, and
because I was out at Harwell quite as a lot of the time, probably less than some. If I
think of my own labs in subsequent years, they would talk to each other, they would
be getting on with other things, some of them would be working on related projects,
and so they would be talking to each other. The group tends to have a social structure,
and as I say, I think that was developing more after I was in the group in Oxford, but
say a research group in my own lab, they would go off for a drink together, or have a
barbecue somewhere. When one of them had to do a presentation of their work, we’d
do a rehearsal together, so they would support each other. So you might have a group
meeting, where everybody sits down and talks about the work. So there is a social
structure to a research group, there is hugely depending on the type of work doing,
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and the supervisor, because the supervisor’s own predilections tend to have a – they
would have a strongish influence on how – what sort of social interaction there is in
the group.

Could you give me an example of that?

Well I for example deliberately wanted to have group meetings, and those group
meetings were designed to get the students to talk to each other about their research. I
organised that the student would do a rehearsal of any talk they were going to give,
and the group was supposed to feedback to them. Now every research group would
do that, I think it’s a very common thing to do in a research group, but not every
research group would do that. My group was quite largely, well it was about 50 per
cent female by accident, I mean not by my particular design although most women I
know tended to find they attracted more women into their research group. So if you
found a women with a research group, it’s quite likely got above average numbers of
women in it. We had quite a lot of overseas students, so although we might go to the
local pub, or pizzeria, or something for a lunch, it wasn’t a big cultural going off for a
drink. Now I know that if you found a largely masculine group, going off for a drink
after, at the end of the day would have been a big thing. It wasn’t – didn’t happen to
be a big thing with my group. The other thing is in Oxford people were living close
by, they were probably in college, so those things happened, there were college
activities. In Imperial College you’re in the middle of London, everybody has to
commute from somewhere, so there was probably less hanging round after the end of
a working day than there would have been in a smaller university town.

Can you give me a flavour of, you know, what John White’s sort of social structure
that he created was like?

Well that’s what I say. To some extent that was focused on the college he was in, St
John’s. A number of his students came from St John’s. But I wasn’t part of St
John’s, so I was part of Somerville. So although – and I already had a social structure
from my Somerville friends, and was sharing a flat with people from Somerville who
were doing research elsewhere. So I was probably less involved in the social structure
of that group than others might have been. And as I say, part of that particularly
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focused on St John’s. St John’s had what they called the invented, and I can’t
remember when they did it, a middle common room which was a common room for
post graduates. Somerville didn’t at that time. But as I say, my social life was sort of
predicated on the people I already knew, not that I felt excluded from this group, but I
didn’t need another big social circle, and going out to Harwell sort of gave a different
background, I was off and out at Harwell. I got to know the other people doing
experiments out at Harwell as well. And subsequently when I came back as a postdoc that did become to some extent a social group.

Anyone you remember in particular at Harwell?

Well there was – Peter Egelstaff was a real character, this guy who really sold to the
chemists the idea of using neutrons, and he was a colourful character. And I can’t
remember why, but he finished up working in Canada for most of the rest of his life,
not in the UK. Now whether he fell out with the management at Harwell, I don’t
know, I can’t – there is a story there, but I don’t recall it. I probably heard bits of it.
There’s a terrific guy who essentially ran the whole support network for the people
coming in from outside, which when I started was relatively small, it was growing the
whole time, a guy called Rusty Harris, terrific guy. I mean, I still exchange Christmas
cards, but for a long time I knew him really very well, supported loads of people
through doing experiments. He would have been a senior technician sort of person,
but his job was also to manage the support to the people here. And then there were
technicians who worked on different machines. There was a lovely guy called Vic
Rainey who worked on the machine I was using, the time of flight machine, and I
reckon he got me my PhD because – well keeping the apparatus running. I’m not a
great one for running a complicated piece of apparatus, so I couldn’t possibly have
done it without Vic doing it. He was a lovely guy.

I was going to ask actually, what use where the technicians at Harwell?

They kept the apparatus going, I mean these were big and complicated pieces of
apparatus, and they required quite a lot of day-to-day, I mean just running this
velocity selector, you know. You’ve got to run something at quite a large speed, it’s
aligned, it can’t go off its alignment, it’s got to run speed, it’s got to start up when you
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want it, all sorts of things like that. The detectors all have to work, and they were all
– and by the time I started I think, I’m trying to remember, I think it was six or seven
angles with adapters on them, by the time I finished there were only four working.
Subsequently very soon after I stopped doing my PhD, they actually took the whole
apparatus apart and rebuilt it. I sort of did my PhD on a dying machine.

Could you give me an example of the sort of things that could go wrong?

Well the detector could just stop working, and then you’ve either got to – you’ve got
to find out why it stopped working, is it the electronics, is it that the – as I say if they
were gas detectors, has the gas leaked out? Are you going to replace the detector, are
you going to sort out the electronics? Is it to connect to somewhere, you know, the
velocity selector might just not rotate, or might not be well controlled at the speed you
want. The beam shutter might not open, I mean, you know, you’ve got a beam shutter
that comes down so that you’re not sitting in the middle of a neutron beam while
you’re putting the sample in. Or the sample might leak out of the cell. I can think of
all sorts of things that have happened to me in my time. Or the reactor might not
work, but then that’s not your problem, I mean that’s the reactor itself.

[55:16]

Subsequently I did my – after my post-doc, I was working at ILL, the Institut LaueLangevin in France, which was a big new reactor, and that reactor, the power lines to
it came over the mountains. And that area of France is subject to thunder storms, and
when there was a thunder storm there were surges in the power lines, and the safety
mechanism cut out the reactor, it just stopped it. And the way it stopped it was by
dropping these graphite rods into position, the French for that, they called them des
bar rods, and the falling down of the rods was chute des bars, fall of the rods. And so
in the middle of a thunderstorm you would probably hear an almighty crack of
thunder and then you’d hear the tannoy announcing chute des bars, and you knew the
reactor had stopped. Now just as a point, that reactor, when the reactor stops working,
it’s – part of the chain reaction is to produce xenon gas, and when the reactor stops
working the xenon gas builds up to the point where it actually shields radiation, you
can’t restart the chain reaction. When at the beginning a fuel is loaded once a month,
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when it’s first loaded it’s full of enriched, you know, nuclei, and you can start it very
easily. By the end of its life, by the end of a month, it’s not as radioactive, the xenon
builds up and you can’t actually restart the reactor. So by the end of the cycle, the
month, we used to know that if you heard chute des bars, they’ve got about two
minutes to restart that reactor, and if they didn’t what you had to do was go away for
two days. So they couldn’t start it until the xenon had reached its peak and then
disappeared. So you knew that your experiment was dead for the next two days. That
– Harwell was not functioning in quite the same way, so I don’t recall the same
problem with the reactor closing down, and certainly they didn’t have thunderstorms
over the Berkshire downs.

I was going to ask as well, you talked about, you know, the other students in your lab,
the other Julie, were there any that you were particularly close to?

No, not particularly. I mean I went to her wedding for example. Her husband was
doing research elsewhere in the department, and he finished up, they both finished up
as teachers. He finished up at one of the public schools. And I met him years later, I
gave a lecture at the Royal Institution, and he brought a party of school kids along and
came to say hello, and then I subsequently went and visited the school, so I saw them
years and years later, but there weren’t close friends. The people – I still know some
people from that group, but they weren’t all of them contemporaneous exactly with
me, they tended to be part of the group, because when I went back – when I was a
post-doc subsequently at Manchester, we haven’t got to that piece yet, which we
might want to jump onto that. When I was a post-doc in Manchester was going back,
that group was there and that did form part of my social circle, and those people I am
still friends with quite a number of them. But at the very beginning, I don’t remember
the exactly people who were there.

You mentioned as well the sort of tea breaks, so was there a regular tea break in the
day, or just going whenever you felt like it?

No, I think – again you see I’m inclined to muddle up what happened later. There
was a very nice common room up at the top, and I think it was there when I was doing
the first part. I know it was there when I used to come back and visit later on, but I’m
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pretty sure it was there. No, people would just go up and have a cup of coffee at some
point. I think I remember it more vividly as a visitor later on than I do at the point
when it was there. And the other thing is I might quite likely go off and see my friend
who was working in the Cavendish, or friend who was doing something else, and
we’d go and have a coffee somewhere else. So, no, I don’t think there was a regular
point where tea breaks would occur. However, out at Harwell there was this nice little
common room, and people did seem to congregate at about 11.00 in the morning, and
you sit round the table, and I, you know, I can remember that being a very friendly
occasion with the technicians that I’ve been talking about. So that was – that would
have been an almost regular thing, about 11.00 it would be nice to go and have a cup
of coffee with everybody else.

What sort of things do you talk about, is it all work?

I would strongly suspect knowing that group, the technicians, there was probably
quite a lot of football talked about. I really can’t remember, but football and what was
on television. No, it certainly wouldn’t have been work.

[1:00:05]

Had your social life changed at all since you were an undergrad?

Erm, well to the extent that I was sharing a flat with two others. So I suppose – we
were still doing the dancing and things like that, but the flat became a centre to some
extent of the social life. One of us became engaged quite early on during that time,
and her husband to be was doing research at Reading, and I think tended to come and
stay at the weekends sometimes. I can’t remember exactly the time, she certainly
would have been engaged during that first year. I remember she and I used to meet
and go to the shops and cycle down the Abingdon Road to the flat with the groceries.
We had – we paid ten pounds did we pay ten pounds a week? Something like that for
this flat which slept three people. And we used to put, perhaps that was about it, we
used to each put let’s say four pounds in the kitty, and the ten pounds rent came out of
it, and the rest bought the groceries for the week. We were quite good at not spending
a great deal of money. But I remember feeling very wealthy, because I had a grant, a
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research council grant for 500 pounds a year and that felt like a lot of money to me,
you know, I wasn’t running a car or anything, so I felt quite well off. So we didn’t
feel particularly poor. We were having to feed electricity meter, I remember that we –
there was a flat above us, and a flat below us in this house, we had the middle floor,
and we discovered at one point that when the electricity meter ran out and we were
due to feed it, there was one light in the place that didn’t go out. And we realised this
must be running on somebody else’s electricity, so we used to have discussions about
whether we could run the entire flat off this one outlet. We never did, but – and we
had – I think we had a gas meter that you fed pennies into to. It wasn’t a particularly
warm flat, and I can remember saying that I was going to be warm for the rest of my
life, whatever I did I was going to, you know, have more heating.

What was the flat like and who did you share it with?

Well the two girls, one Vivien who got the first in physics, and now lives up near
Aberdeen, and she didn’t do – she started as PhD. Because she got a first and done
very well in some – a part of the physics course which is to do with how lasers work,
she was offered a PhD place working on lasers, and it was a total disaster. I mean, she
shouldn’t have been doing experimental work at all, she hated it. She used to wake up
in the night with nightmares thinking somebody was interfering with her apparatus,
and she actually switched to doing a PhD in a subject called social medicine. And I
can’t remember the details, but I strongly suspect that was again this nice tutor of
ours, Neville Robinson, introducing her. So it was really to do with statistics, the
woman who was doing it was branching into a new field, and having some difficulty.
But the idea was you looked at – looked at how a disease occurred, looked for
clustering in time and space, and try to work out whether it was functioning as a – like
an infection, or whether it was – or whether there was any connection between these.
And in particular the project was on childhood leukaemia, so Vivien was looking at
statistics on childhood leukaemia and trying to see how clusters of this would occur in
time and space, and whether it had the signature of an epidemic, let’s say, I mean tiny
epidemic. So that’s what her PhD shifted to. And the other one was the girl who had,
Gillian, I mentioned, who, I don’t know whether I said. She went completely blank
doing finals, and – and the regime for finals, I don’t think we ever talked about the
regime for finals as an undergraduate in Oxford, involved us doing six papers
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morning and afternoon for three consecutive days, and then on the Monday something
to do with a practical. So by the time, during those three days, you were absolutely
dead. I mean, can you imagine a three hour papers morning, a three hour paper
afternoon, absolutely terrible. And Gill, poor Gill, essentially froze during the first
two papers, she wrote her name and nothing else, and the rest of us had almost no
emotional energy to support her. But the brave woman she went on keeping, she kept
going, and by about the third paper she managed to get out of it. And I remember
Neville Robinson saying the examiners had terrible trouble, because they got this
woman who’d done quite well on three papers, and written absolutely nothing on the
three others. So in the end they gave her a third, and he organised for her to do a
masters degree. She was doing a masters degree in hospital medicine in fact, and
went off and started a career in hospital medicine, but subsequently moved into
teaching and was a brilliant school teacher for the rest of her life. Anyway, so the
three of us were sharing this flat down the Abingdon Road in Oxford, and we were
very good friends, we would cook and organise things together. Vivien and I
particularly, Vivien’s the one who got the first in physics, who was doing social
medicine, because we were still doing a lot of dancing, so dancing was part of our life.
Gill was not so much involved with that. So it was different sharing a flat rather than
being in college, but it was good. I enjoyed it.

[1:05:55]

What’s a typical day like for you, let’s take a day when you’re actually working in the
lab in Oxford, rather than going to Harwell, because we’ve kind of touched on that
already.

Well, cycle up the Abingdon Road to the physical chemistry laboratory. Probably
look at the samples that I might have been storing overnight, maybe measure some
densities, maybe go to the library to look up something about the spectrum, possibly
see John White to discuss the next lot of experiments we were going to do at Harwell.
Maybe have a cup of coffee. I can’t remember what we used to do for lunch. We
didn’t go to – we didn’t go to Somerville for lunch, which we could have done. So I
actually can’t remember what I did, what we did about lunch. Vivien had probably
cycled up the Abingdon Road with me to the Clarendon, or whether she was working,
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because she was working quite close by the Clarendon subsequently. And quite
possibly meet Vivien at – I can’t remember the name of the supermarket, but anyway
the supermarket in the middle of Oxford, and collect the stuff that we wanted to take
home to eat for dinner. And cycle back down the Abingdon Road and cook
something for our supper. That would be a typical day, and on the day we might do
that and then cycle back up the Abingdon Road to go dancing in the evening, or we
might have been to a concert at some point in the afternoon. It doesn’t sound
particularly exciting, but you know, doing fairly straightforward things, but it is
definitely marked, punctuated, in my mind by cycling up and down the Abingdon
Road [laughs].

What was the workload like?

Pardon?

How heavy was the workload?

I don’t – I don’t recall it as being a load, if you understand me. I don’t recall it being
– I don’t recall having to work into evenings, I don’t recall having to do an awful lot
at the weekends. I can recall once I’d started to think about writing, I can recall
struggling with the theory, because the part of the problem was that there were almost
no text books on the subject at that point, what there was tended to be written for
theoretical physicals and was very difficult, or had been translated from the Russian.
There was a very good Russian book that had been translated, very difficult to follow.
During the time that I was there a book actually was published with some of the basic
physics in it that was usable to somebody like me who hadn’t been grown up, just
towards the end. And I remember I wanted a copy of it and it wasn’t in the
bookshops, and I think I ordered it directly from the publishers. And they sent it and
they charged me the wholesale price, and being terribly honest I wrote to them and
said I think you’ve charged me the wrong price, and they said, never mind [laughs].
Terribly honest child, but I got that at a crucial time when I really needed a book to
help me write my PhD.

What do you think was the hardest part about doing the PhD?
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Oh, writing it. I mean, well particularly for me because you may recall I told you that
I went off got married and was teaching, and I was trying to write it while teaching in
the cracks, which is not the best way to be writing a PhD.

[1:09:27]

I meant to ask about that as well, how did that actually come about?

Well I got engaged and wanted to get married. And my husband, he was a musician,
is a musician, he got a job teaching music in a school in Yorkshire. So I looked
around to see what I could find, and since the only thing I knew was to apply for
teaching, I applied for teaching jobs and I got a job teaching in a sixth form grammar
school with a sixth form college in Rotherham in Yorkshire. Actually it wasn’t, the
school was in Mexborough, we were living near Rotherham, but it was in a place
called Mexborough, Mexborough Grammar School. And so I was given a job
teaching physics with absolutely no training in teaching whatsoever, absolutely
brilliant. Which you could do then, you could be trained on the job. I mean with
hindsight it was a desperate thing to do, but – so about the Christmas – so I actually
only did two years of the PhD, then in the autumn, a month or two, then got married,
and then at Christmas, well just after Christmas, started teaching physics in this
school. So actually trying to write the PhD in the cracks is not what I would
recommend. It took me two years from then to write it. And of course I was writing
it without the support around of people to go and talk to, and all the things that would
have made it so much easier if I’d done it the right way [laughs].

Did you ever, you know, consider staying at Oxford and finishing it up there?

Probably [laughs]. The thing is that my flat mate had got married, and gone off to live
in Reading, so everything was changing so it didn’t seem like the natural thing to do.
And I was very lucky that I had got enough experimental data to do it with. As I say,
John White was quietly supportive and let me do that, you know, which – so when
I’ve had PhD students who’ve done difficult things, I’ve held my tongue and not
shouted at them because I know, you know, love drives you to strange things [laughs].
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But it was a huge culture shock, I mean we’re jumping a little bit to one side, going up
to teaching in Yorkshire for – I was in an industrial town after Oxford, I was trying to
teach, and setting up married life in all the things that was quite complicated. And
potentially writing a PhD.

Gosh, how do you balance those?

Well, you don’t, you just sort of – I guess – I guess this is where being sort of
ambitious and reasonable ruthless, it would have been terribly easy to give up on the
PhD, but I wasn’t giving up on it, hard though it was.

What was the school like?

It was – I think it was quite a good school, it was very big, it had six parallel forms,
and then this sixth form college on top, so it was a big school. I think it was a very
good school, but it was a grammar school in the grammar school days. I subsequently
met somebody who was at York University as a student, and probably was in the
school when I was teaching. I mean, I didn’t remember him, he didn’t remember me,
but almost certainly he was there. Friendly staff, you know, if I had been cut out for
teaching it was a good place to have been to, but essentially I wasn’t all that happy
teaching and I wasn’t all that cut out, and I certainly could have done with a bit more
training in what I was supposed to be doing. But, you know, you had a good social
life, the staff, and I guess the sixth form, I don’t know whether it was staff and sixth
form, but certainly the staff did a couple of Gilbert and Sullivan operas while I was
there. So, you know, it was quite fun to be there. We did, I think it’s the Pirates of
Penzance where they start singing about tripping over rocky fountains, and come the
maidens to the something, anyway I think it was Pirates of Penzance. It was good
fun. So there was quite a nice – there was a social life around it, but it was also filthy
dirty, the flat we had was next to a chemical works and the chemical works was
extracting stuff from coal, and when it had finished extracting it, it extinguished the
coal by pouring water on it and producing black steam. So we rented part of a
farmhouse, on one side of us was fields, on the other side was this dark satanic mill.
And sometimes when I walked along the road to catch the bus into the school, if I
combed my hair when I got there, coal dust fell out of it. It was a big culture shock
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for a girl brought up in the South of England. And the children were interesting,
because they were broad Yorkshire, although they were grammar school, when they
were talking to each other, they talked dialect, they would use thee and thou. When
they talked to the teachers they would use plain English. There was this very – you
know, this split between the two, I don’t know if they all did it, but I remember
vividly the thee and thou.

Did you enjoy teaching?

No, not particularly. I mean, I enjoyed teaching and I quite enjoyed teaching the sixth
form, and even the retake tough boys doing O level. What I did not enjoy at all was
attempting to control classes of thirteen, fourteen year olds. I didn’t have the
techniques to do it, there were mixed classes, and at that age the boys and the girls are
playing off each other, and they very quickly found that they could play off me too,
particularly the boys. So I didn’t – I didn’t have riots, they weren’t that sort of
children, but I did have difficulty keeping them quiet, getting them to do what they
had to do. So I didn’t enjoy that at all. No, I wanted to – I didn’t enjoy the school
environment particularly, because it seemed to me I had almost no autonomy, and no
privacy. I mean, there was a big common room. When I was doing a PhD, I was
doing the PhD, I had autonomy, I had control, I was – and I was doing something
interesting. In the school, you have to follow the timetable, you have to do what is
necessary, and I didn’t – that wasn’t to me what I wanted to do. And I was actually
very lucky, at the end of the time – shall we go on here, I mean are you happy to keep
in this direction?

[1:16:00]

At the end of the time that I was teaching in that school, my then husband, who also
wasn’t happy teaching music, got a scholarship to the Royal Northern College, School
of Music, College of Music, in Manchester. So the idea was that we would move to
Manchester, which is where his parents lived anyway. And so I was then going to
look for a different job in Manchester. And I thought at first well I’ll try for teacher’s
training colleges because I’d be using teaching but I wouldn’t be dealing with kids.
But my father-in-law worked for ICI in Manchester, he worked for the fibres division
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in Manchester, and he knew one of the professors in UMIST, it was UMIST then, not
– you know, it was at the point where it had split. And he suggested I write to this
professor, so I did, just to see if there was – if he knew of anything that – I guess I was
thinking of post-doc something. And he, I subsequently heard the story, handed the
letter to a professor in the physics department, Sam Edwards, who subsequently
became a very important person in my life, good friend, very senior person in physics,
finished up at Cambridge, all those things. But anyway, Sam Edwards was in the
physics department, and he passed my letter on to a chemist, Geoffrey Allen, who was
looking for somebody to do work on neutron scattering from polymers. So out of the
blue, having sent a letter to Ray, I think it was Ray Peters was the name of the fibres
man, I got a letter back from Geoffrey Allen saying would you like to come and talk
about doing a post-doc. Now if ever you can be lucky in your life [laughs]. So I did,
and I still remember that interview, because when I arrived he said, ‘Come into my
office madam’, and when I left he said, ‘Well I’ll see you in a couple of months’ time,
love’ [laughs]. He was a fairly broad spoken northern that came from Derbyshire.
But he was a guy who did spectroscopy of – but he was particularly interested in
polymers. And he wanted somebody to use – he was interested in this neutron
scattering. Unbeknownst to me, he had also been appointed examiner for my PhD
thesis by Oxford, so, you know, all these connections were going on. So there I was, I
went back from teaching into research. And I can remember saying to somebody two
weeks after I got there, very naïvely, do you realise they pay me a salary to do what I
love doing. I was so much happier back in research. And it was to do with doing
what I felt competent doing, it was all to do with the autonomy, the surroundings, the
research. I mean, I’m not saying research is always wonderful but it was my home,
and I think I recognised it quite quickly.

Is that something you’d realised over the course of the two years before teaching?

No, well I don’t think I thought terribly coherently about what my long term future. I
mean, life is very complicated at that age, you think you’re getting married, your
friends are moving around. I was doing the PhD, I didn’t know where I was going to
live, and I wanted to get married. You know, you put all these things together, I think
I always knew that I could be a teacher, I mean that teaching was a profession that
was there, sort of my mother had been a teacher, it was a possibility. How we doing?
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Okay. So, no, I don’t know that I did know that, I think I had to find out that I liked –
I wanted to be in research by leaving it.

[1:19:40]

What was Geoffrey like, Geoffrey Allen, sorry?

Well another somewhat flamboyant character, very different, very sort of – he came
from Derbyshire but he spoke, and still to some extent speaks, with a sort of a
Midlands accent. He had – his main area was spectroscopy, measuring the – so
chemistry but looking at how molecules move. But he’d been in Canada for a few
years and come back from Canada to Manchester. He had working with him a guy
called Peter Brier, who was a very good scientist, and had built a very clever
spectrometer, a so-called microwave spectrometer but you don’t need to go into that,
because I wasn’t doing it. But my first work was actually to work together with Peter,
and not to look at polymers at all, but to look at small molecules, look at the spectrum
of small molecules, which had been deuterated in different pieces so that we could
split out things like if there was a CH3 group, a metal group, how it was moving on
the molecule. And we did some quite nice work together on that, I did the
experiments, the neutron experiments, he could do the theory and was adding this to
the microwave experiments he was doing. And to do the experiments I would go
down to Harwell, so I now went to Harwell, but of course I wasn’t based there but I
used to stay with a friend of mine who was still working in Oxford. So I used to go
and stay with her for a week, or so, and do the experiments at Harwell and then go
back up to Manchester to analyse them using the Atlas computers that Manchester had
at the time, using paper tape with the results on. During the time we were there, we
had an old fashioned mechanical calculator for doing some calculations, and towards
the end of the time we bought an electronic calculator, it was about this big, and it
would add, subtract, multiply, and divide, but it didn’t do it by turning handles.
Within a year I was buying a handheld Texas Instruments electronic calculator that
had cost less than this big electronic, you know, so things were changing so rapidly.
So in Manchester I was, well I was sort of living a married life in the north of the city,
going down to Manchester, doing my experiments. I didn’t have a big social life
around the university, but I was entirely happy doing – back in research, doing
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experiments down at Harwell, analysing them, and knowing the people at Harwell
too, or in Oxford, so the circle at Oxford was also there.

[1:22:35]

I’d like to actually finish today with just something you – I think a few times in
passing as we’ve been talking today, which is computing, you mentioned computer
tapes coming from Harwell, using Atlas. I was just wondering, when do you first
actually get to use a computer yourself?

When I was at Harwell, not before that, because the data – you know, there were large
numbers, and they had to be sorted. So they came – all the neutrons arriving were
recorded on magnetic tape, then there was a programme, which I didn’t write, which
essentially added them together and put them onto card. So that what I had was data
sorted as how many neutrons had arrived with what speed, compared to the speed that
they had going in. So that was the spectrum. So I didn’t write computer programmes
at that point, others wrote programmes, and I used the programmes. I’ve written very
small computer programmes in my time, but not very much. I did write something,
some simple ones in Manchester, which we ran on Atlas, and as I say, we were using
paper tape.

I have to ask as well, what it actually like as well using Atlas?

It was okay. As I say, it was all paper tape, so I had to learn how to splice together
paper tapes. You had to go – it wasn’t in – it wasn’t in – I was in the chemistry
department, so I had to go to the – I guess it must have been – there was a computing
centre, I used to carry the paper tapes over to the computing centre, and then
eventually you go and collect your output. Which I – I don’t know what the output
form was. I guess it was – it must have been these printed sheets with holes down the
side, I think. I can’t remember. I remember the tapes vividly. It was interesting
because Atlas – the Atlas machine had been designed to run on something called
Atlas autocode. Atlas autocode was an extremely forgiving language, for example, I
remember vividly, if you wanted it to print the output of the calculation it had done,
you just put print. When I came down to Imperial, they were all using Fortran, and
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Fortran you don’t say print, you have to actually format the output, it’s not nearly as
forgiving. I never really learned to use Fortran, in fact I was going to say that was in
Imperial, but also in ILL Grenoble they were using Fortran. So Atlas autocode was
actually rather easy for the simple minded to use because the commands didn’t require
you to know a great deal about what the computer was going to do. Yes, it was
probably, I don’t know how much longer than then the Atlas machine went on
working. So I was there until ‘73 and I don’t know how much longer they went on
running it. But it was quite a thing to have, but I wasn’t aware of that, I just knew that
there was this computer and the language I was using was – I hadn’t realised that it
was such a forgiving language until subsequently I had to learn Fortran.

Did you actually get to see the computer yourself?

I don’t recall ever seeing it, I mean I must have waltzed into the computing centre, but
it was presumably in some – the thing is they produce so much heat those things, the
cooling would have been enormous.

So how do you actually programme it if you never see it?

Well you write – essentially you’re writing code, so you’re writing a set of
instructions, do this, do that, do the other, and the instructions have to be in a certain
form, that’s the language of the computer. So it’s no different than writing the
instructions to use your washing machine saying can I write it in German, or can I
write it in English, it’s just got to be in the right sort of format that the computer
recognises. So I don’t think it was written in English, it tended to be written in maths
equations. I was doing very simple things with it, I wasn’t asking it to do anything
very complicated at all. And I can’t remember a lot of details because I’ve done
extremely little computer programming, I’ve done as little as possible in my life. I
use computers and I use the output of computers, but I wasn’t all that interested in
writing the programmes. And fortunately there are people who are.

End of Track 4
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[Track 5]

So I was recruited to do similar work to what I had done in Oxford, that is to say what
is called incoherent neutron scattering, and I think I’d better just tell you what the
difference is. The neutron’s a neutral particle and it interacts with the nucleus, and I
mentioned that last time. But it’s interesting, it can interact in two different ways, in
one it preserves some sort of memory of where the nucleus of which it was scattered
is, okay, which means you can do diffraction experiments, structural experiments. So
for example, the equivalent to X-ray diffraction where you get a crystal structure, and
that depends on the X-rays carrying with them information about where all the atoms
in the crystal were. The neutron can be scattered carrying that information, but it can
also be scattered, part of the scattering, does not carry that information, it only tells
you whether it’s still got the same energy that it had when it hit the nucleus, or
whether it’s got a different energy. Now the experiments I was doing in Oxford were
relying on this latter, if you recall we were measuring changes in energy, and the
energy changes had been cussed by the nucleus that was hitting – that the neutron was
hitting, let’s put it that way around, moving, and imparting some energy to the
nucleus, to the neutron. So, for example, if the molecule is vibrating, and a nucleus –
a neutron, sorry, I knew I’d keep getting muddled on this one. The neutron hits the
vibrating molecule, it could bounce off more energy, or actually it could bounce off
with less energy, it could sap the – so you’re looking at changes in energy of the
neutron that it’s got from the molecule. And that usually is done using this technique
where you haven’t preserved information about where the nucleus was. How do you
choose that? Well it depends the sort of nucleus that you’re scattering from.
Hydrogen is overwhelmingly incoherent scattering, so if you scatter off a hydrogen
nucleus you won’t have crystal or graphic information, but you will have energy
information. If you change the hydrogen to deuterium, the deuterium does scatter
preserving this spatial information, so you get coherent scattering, which means that
you can get diffraction patterns. So if people were using the neutron experiments to
look at crystal or graphic structures, which they did, then they would make the
crystals with deuterium in them, or certain other nuclei. So if you go through the
periodic table, the amount of incoherent scattering you get from different nuclei
varies, but by overwhelmingly hydrogen is the most incoherent.
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[03:00]

So when I went to Manchester, Allen had ideas about experiments, but the first
experiments were looking at molecules with a lot of hydrogen in them, and looking
for the vibrational movement. And in particular looking for the sort of vibrational
movement that doesn’t show up very well in infrared spectroscopy, some doesn’t. It
turns out that certain motions don’t. So a methyl group, a carbon with three
hydrogens sitting on a molecule, can rotate, and as it rotates, that’s an energy. The
hydrogen on that in a neutron experiment will give you quite a good signal, you can
see what the rotational energy is. That particular motion is almost invisible in infrared
spectroscopy, so it was quite a neat way of looking at the vibrational motion. And in
fact also, as I told you in the inclusion compounds, if you put deuterium everywhere
else where the hydrogen is, you can make that particular motion stand out. So the
first experiments I did in Manchester were on small molecules. But what Geoffrey
Allen had in mind was to look at polymer molecules, and in particular he wanted to
look at the rotational motion of the side groups on polymer molecules. The simplest
polymer molecule is polyethylene, is carbon with two hydrogens, again, and again,
and again, and again, and again, so that’s polyethylene. If you go to polypropylene,
one of every alternate hydrogen is a methyl group, CH3, so that’s already slightly
more complicated. Most polymer molecules have side groups, quite a lot of those
side groups include methyl groups, methyl groups, CH3 groups, and Geoffrey Allen
knew because he was an infrared guy, that they are pretty well invisible in the infrared
spectrum. So his view was, well we can have a look with neutron scattering, and
more to the point, if we can put deuterium in the places where the other hydrogens
are, we can particularly highlight the methyl group rotation. And he had made some
samples of polypropylene oxide, so that’s CH2, a C with an H on it, and a CH3 group,
and then an oxygen. So the backbone is CCO, off the backbone, two hydrogens on
one carbon and the next carbon’s got a methyl group on it. He had that sample made
where all the hydrogens except in the methyl group were deuterated, so that what
stood out in the spectrum was the CH3 group. That was important because people
had been doing theoretical calculations of the motions, the vibrational motion of
polymer molecules, and the one thing they couldn’t check very easily was the methyl
group, because it wasn’t easily seen.
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[05:50]

So the very first experiments I did on polymers were on polypropylene oxide, with its
methyl group rotating, and then a more complicated molecule, what we call Perspex,
which is polymethylmethacrylate, that actually has two methyl groups. And we – I
mean without drawing pictures for you I can’t show you, but it has a methyl group all
by itself on one side of the chain, and then another more complicated group within it,
a methyl group. To distinguish between the movement of the two of them we had
deuterium, specifically labelling one or other of them so that one of them dropped out
of the spectrum and the other one was there. So those two polymers we did the
experiments on, those were published quite early, and that was information that hadn’t
been available using traditional infrared spectroscopy. It’s not – I would say not
shattering but interesting, and it was the beginnings of looking for specific motion
with neutron scattering.

Before we go any further, just in terms of keeping this accessible to other people as
well–

Yes, sure.

Just can you just briefly define what deuterium –

Oh I’m sorry –

And explain what you put it in heavier hydrogen rather than the regular.

We did in the previous lecture, but we can reiterate here – lecture? Sorry. The
hydrogen atom is a very simple atom, it has a single proton in its nucleus, and a single
electron going round. Higher up the periodic table, heavier atoms have those protons
and neutrons in the nucleus, and in fact the way a nuclear reactor works, just to
reiterate, is because the very heavy atoms in deuterium break into smaller components
and have some spare neutrons coming out of the nucleus. So neutrons sit in nuclei,
and in particular they sit in heavy nuclei. Hydrogen doesn’t have a neutron, but
deuterium, which is chemically exactly the same, because it only has on electron
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circling it, has one neutron and one proton in the nucleus. So it’s called heavy water,
and you will have heard heavy water term in terms of reactors, because its nucleus,
it’s twice as heavy, it’s hydrogen. But its movements are not very different from
hydrogen, because it’s chemically the same. The chemistry is determined by how
many electrons you’ve got. So in the experiments we are doing from a reactor, heavy
nuclei have broken up into smaller molecules, they’ve shot off neutrons, spare
neutrons, because the lighter nuclei don’t need as many neutrons. Those neutrons
have maintained a chain reaction by hitting other nuclei and splitting them up, but also
the reactors, the beam reactors that we’re using, are designed to let some of the
neutrons out. They’re slowed down by a so-called moderator, which is usually water
or heavy water. How are they slowed down? Well they hit the nuclei, lose some
energy, and they keep hitting nuclei until they’re slowed down to a reasonable –
actually what they finish up with is a spectrum of energy which is characteristic of the
temperature of the moderator. So they’re really slowed right down. And then they’re
let out, and we do experiments on them. And actually the reason why hydrogen has
this particularly strong incoherent scattering is its particular structure with just one
proton in the nucleus. Other nuclei have a mixture of coherent and incoherent
scattering. And it arises simply from the way the neutron interacts with the nucleus,
it’s a nuclear experiment if you like. A neutron interacts directly with the nucleus,
and when it’s scattered some of the neutrons maintain memory of where they were
scattering and some of them don’t.

[09:40]

When you say maintain memory as well, that was the other thing I wanted to pick up
on. Can you expand on that a little bit? How do they do that?

Well if you look at where the neutrons go, those are just scattered incoherently
essentially just make a cloud with no direction in them, around the sample that you’ve
put there. The ones that are scattered coherently form interference patterns, so in a
sense they’re not remembering where they were, but they’re preserving what’s called
a phase behaviour. If you imagine they are waves, then the waves are continuous, so
that even if you’re some way away from the sample, the wave still has the same
periodicity that it had when it was scattered. So if you scatter two nuclei from two
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different nuclei – sorry, two neutrons from two different nuclei, they each have
maintained their wave pattern, when you collect them in the detector, you can get an
interference pattern. So essentially the memory is the fact that they – the wave
maintained coherence after it was scattering. The incoherent scattering, the waves are
if you like chopped up, so that when they get to the other end, they can’t form an
interference pattern because there’s no pattern there. So the coherently scattered
nuclei can form diffraction patterns, which tell you about the position of the nuclei
from which they were scattered, but to do that they have to maintain their – the fact
that it’s a continuous wave, a coherent wave. Does that more or less make it clear?

[11:19]

Right, so we were doing incoherent scattering, and then we moved on to – so we were
looking at the side group motions, and that worked out quite nicely. And we
published the papers, the first papers that said this is how the methyl group in
polypropylene oxide moves, and done another one, how the methyl groups in
polymethylmethacrylate move, that was quite nice. But another interesting
phenomenon, when you look at the scattering from any sample, it isn’t – I mean, you
might be interested in one particular motion, but every motion is going to give some
change to the nucleus. So whatever – to the neutron, I’m sorry, I keep saying nucleus,
I beg your pardon, neutron. So whatever the nucleus is doing, and it might be doing a
lot of complicated motion, it will impart some of that to the neutron. And what you
see at the other end, because you’re measuring the energy of the neutron, is a sort of a
set of different energies arriving. So if you made a graph with energy along the
bottom, and number of neutrons arriving along the side, up the vertical axis, then you
would see a sequence of peaks and troughs. And the peaks will correspond to
particular energies that the nucleus that has done the scattering had. And it might be –
it might be doing several things at once, so imagine you’ve got a – let’s say take a
small molecule for the moment, because it’s easier, it’s just simpler to think about it.
Take a small molecule, methanol, methanol has a methyl group and an OH, so it’s a
nice small simple molecule. It will be doing a number of things; the methyl group
will be rotating about its bond to the oxygen, but the whole molecule will be rotating
in space, it will be tumbling in space, and it may well be moving around in space. It
may be diffusing, it’s a liquid. So when you scatter, your neutron has picked up all
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sorts of different amounts of energy, and when you draw out your graph you will see a
peak certainly where the methyl group was rotating, but you’ll see other things
happening which are to do with the fact the molecule’s rotating, and translating
through space. The translational motion, which is very slow really compared to the
neutron’s energy, tends to give you a broadening around the zero. A lot of the
neutrons arrive without having changed energy at all, so you get a peak at zero. If
you’ve got liquid motion, that peak gets broadened, because you get very small
amounts of energy coming from the fact that the liquid was moving around. And
some of the very early experiments done at Harwell, and at Oak Ridge in – not so
much Oak Ridge, at Chalk River in Canada, were looking at the diffusional motion of
water, for example, so they were looking at that broadening, and working out how to
relate that to the diffusion of the water. And in fact it’s a fairly direct relationship, the
width of that broadening around the zero is directly related to the diffusion
coefficient. So if it’s moving very fast, it will be a very broad peak, if it’s not moving
very fast at all, it’ll be a sharp peak. But of course the sharpness depends on the
resolution of the instrument. The instrument won’t have infinitely sharp resolution, it
will have some – it will have some natural breadth to that peak. And if your motion is
so slow that you can’t – it sort of barely changes that breadth, then you won’t actually
see anything. Now I quite quickly, once I started doing these experiments, started
being interested in what was going on in this what’s called the quasi elastic scattering.

[15:17]

So elastic scattering would mean you got exactly the same energy out as in, quasi
elastic means very nearly elastic, just with this small amount of broadening, and quasi
elastic scattering related to the movement of the molecules in a slow way, diffusion.
So I was interested in that, and had observed it for the methanol, and for the other
small molecules we looked at, and I was reading the literature from the other reactor
centres, where people were analysing that to get a diffusion coefficient. What really
fascinated me was though when I started looking at some polymers, I could also see
quasi elastic broadening, however the polymers were like India rubber, or silly putty,
you know, they barely – you know, they certainly didn’t look like a liquid. And yet
they were producing broadening, which was in some cases pretty well as much as you
saw from water. So I became fascinated by this. The one in particular, and on which
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I did a lot of experiments, so we might as well have it described, is something that’s
called polydimethylsiloxane. It’s also the stuff you use as a sealant round your bath,
if you want to seal round the edge of the bath, and it’s also the stuff that you buy
when you go to a toy shop and say, can I have some of this silly putty stuff that
bounces. And it’s an interesting molecule, its main backbone, I don’t know if it
describes it, but I think the backbone of a polymer is fairly obvious, it’s the thing
that’s connected all the way along the long molecule. The backbone of polyethylene
is just CCCCC. The backbone is this polymer has no carbon in it at all, it’s silicon,
SI, and oxygen. So it goes SIO, SIO, SIO. So it’s not a normal carbon polymer, you
don’t have to have carbon to make polymers. But it does have – it’s polydimethyl, so
it has two methyl groups off the silicon. So the silicon has two methyl groups
attached to it, and then the oxygen and then the silicon. So we’d been looking at it to
see the movement of the methyl groups off the side. But when I looked at the quasi
elastic region, the signal was almost as broad as water, and I became very interested
and started reading a bit more about polymers. And the thing about polymer
molecules is they are a liquid, the ones that bounce and stretch, the ones that you can
manoeuvre, so plasticine for example, if you roll it into a ball and bounce it, you think
well that’s a solid. But if you manoeuvre it with your fingers you can actually make it
move very slowly. It’s a liquid, and the reason it doesn’t move very fast is because
these huge molecules are tied up in knots with each other. So it’s a bit like all the
pieces of string you ever put in the bottom draw tangled together, and any individual
one can’t move very fast. But if you look as it were with a microscope, very, very
closely, in between the tangled knots, the molecule can move extremely rapidly, and
that’s what I was seeing. I was seeing the very local wriggling motion, and wriggling
is a word that’s frequently used, so they were wriggling around like worms, only
extraordinarily long worms tangled up with each other. And that was – they were
wriggling as rapidly as water. And that really became very interesting to me.

So why is the material so much more less wriggly than water then, less liquid? Is it
because of the length of the chains?

Because of these entanglements, because–

And those tangles, right.
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It cannot move, the tanglements are like knots. If it wants to move, each individual
molecule has to move relative to the other one. So you imagine finding a piece of
string in the middle of the bundle and trying to pull it out, it just won’t – it probably
forms a lot of knots. If you go very slowly and sort of agitate it gently, eventually you
might extract it. And that’s basically the problem, the molecules can’t move relative
to each other, so it can’t flow, or only flow very, very, very slowly.

But actually at a local level then, each one of these individual knots is moving the
same speed as water then?

Well not in every polymer, and not all the time, and it depends hugely on the
temperature. So, you know, if you’re – a polymer molecule has a transition to a glass,
now if you think of polystyrene, and Perspex, they’re glassy. You think, fine, that’s
glass. If you heat those up to 100 degrees they flow, I don’t know whether you’ve
ever had the misfortunate to put a polystyrene cup on something hot, it sort of melts.
And that – I mean, it’s turning into a liquid. It goes through something called its glass
transition temperature, and above the glass transition temperature then it’s a liquid.
And the higher you have above the glass transition temperature, the more liquid like it
is, but it’s still pretty viscose, it won’t go anywhere very fast. Polydimethylsiloxane
has a very, very low glass transition temperature, way below room temperature, which
largely arises because the silicon oxygen, silicon oxygen bonds, are extremely
flexible. it can wriggle around like crazy. So accidentally we’d found a really
interesting polymer to look at, if you wanted to look at the liquid like motion. And for
the next – when did I do that? Probably about 1970, ‘71, I did the first experiments,
for about the next ten years of my life I was tracking movements in the quasi elastic
scattering, the dynamic scattering of polymers.

[20:56]

Why is it interesting? Because if – people wanted to understand how polymers move.
Now, there was some very early papers, theoretical papers, published by a chap called
Pierre-Gilles de Gennes, who subsequently won an Nobel Prize, not just for that, he
did a lot of very interesting things. He was working in Paris. And I subsequently
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worked in Paris and had some contact with him, but he had published a paper on the
motion of polymers, and what he pointed out was because of this business of being
entangled, if you looked for motion over a very short distance, then it would look very
fast, like water. The longer the distance you looked at, the slower it would get. So if
you tried to look at the polymer molecule over – I mean, if you tried over meters it
doesn’t go anywhere, but even if you tried over distances of micron, ten to the minus
sixth of a metre, it would be infinitely slower than a water molecule over the same
distance because of the entanglements. And he did calculations that showed how this
would be observed in a neutron experiment. So I then was trying to compare those
with my data from Harwell at this stage. We were doing all these experiments, I
should have said, the only place in the country we could do these experiments was
Harwell, so I was going back to Harwell to do the experiments. So, I have to go back
to this quasi elastic scattering, it turns out that the peak broadens I said, but it
broadens differently depending on the angle of scatter you look at. If you look at a
very small angle of scatter, so it’s almost in the direction it was going, it looks very
sharp. If you look at a much larger angle of scatter, say ninety degrees to the initial
direction, it looks much broader, and that’s true for any liquid. The reason is to do
with the maths of the scattering experiment. Essentially the angle of scatter tells you,
gives you information effectively, it’s called a momentum transfer, but it’s something
which carries information about how far you’ve watched the molecule move while
you were interacting with it. It’s quite mathematical, it’s difficult to explain. The
crucial quantity is something called the wave factor, or Q, and turns up in all sorts of
the theory. Q is a combination of the wavelength of the neutron, and the angle it’s
scattered at. So if Q is big then you’ve effectively tried to watch your molecule move
over a longish distance, and in our case it would be – wait a minute, a short distance, I
want to get this right way round, a short distance. So if Q is large, I’m sorry about
that, if Q is large, you try to look at your molecule moving over a short distance. If Q
is very small near the forward direction, you try to look at it over a long distance. So
the scattering gets broader as you go to the large Q values, it’s broader because
you’ve asked to look at it over a very small distance, so it’s faster. Remember I said
the broader was the faster. So you look at the broad scattering, that’s at – that occurs
at the high angles where there’s a big wave act to change, you’ve attempted to look at
the molecule over small distances, and it’s going fast. So there’s a relationship
between the breadth and the angle of scatter, and that tells you something about how
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fast it’s going. If you looked at water, as you change the angle of scatter, the breadth
changes as the square of this momentum transfer. So effectively it’s going as a square
of the angle of scatter, right. So it gets broader for the high scattering angles, and it
gets narrower for the low ones, and it’s got this Q squared determination. That’s
typical of all small liquids. What de Gennes showed was that for a polymer you ought
to get Q to the fourth, the fourth power. So as you – at the wide angles when you
looked for little distances of travel, the thing was going as fast as water, so you might
get a broad peak, as you went down to the smaller angles, it would get smaller, and
smaller, and smaller, and extremely rapidly as the fourth power of the wave factor.

[25:45]

Now so that was then what I was trying to see, could I see that in my scattering? I had
some problems because I was doing experiments on what’s called a medium flux
reactor, the Harwell reactors, with not a very high resolution in the elastic area. So I
was trying to do an experiment that was almost impossible at Harwell. We got some
information, what we could see was the fast motion, and we could see it was as fast as
water. We really couldn’t get down to the small angles, and the high resolution where
we ought to see this much slower motion, where we should see this effect of the
fourth power coming in.

I need a visualisation at this point actually. I was just wondering, what do you
actually get to see at the end? You’ve talked about sort of the way that things are
scattered.

Yeah.

And the graphs as it were, but I’m just sort of wondering could you actually describe
what it looks like when you actually plot the data?
Yes, what I see is a horizontal axis, which has a centre point at zero energy, and then
either side of it plus or minus small amounts of energy. And I see a peak whose shape
is a typical lorentzian or bell curve. You’ve heard of the bell curve that’s used for a
lot of probability, exactly that sort of shape. So I see something peaked at the zero
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going out to the wings either side, and what I’d been interested in is its width at the
centre, half widths it’s called, because you take half the height, and look at the
breadth. Is that okay? Slightly more complicated because you have to take account
of what was the initial resolution. Supposing I scattered off a solid, and then I would
see a peak, which is not infinitely sharp because I can’t select only one energy of
neutrons, and that peak has a certain breadth. And what I have to do is extract the true
width of the peak I’m observing from a mixture of the initial resolution and what
happened at the sample. So the sample all on its own will give me a bell curve, the
resolution of the machine would give me something like a bell curve, it’s called a
Gaussian, slightly different shape. What I see in my experiment is a curve centred on
the zero, which is what is called a convolution of those two, and you have to separate
the two out in order to get the width of the signal from the actual molecules moving.
Okay?

[28:10]

I can visualise that, just about.

Right, yes.

Second question is why do you actually need to know what the rotation of thee
molecules is within the polymers? What do you gain from knowing that?

Well this wasn’t – this is to do with the wriggling motion, which isn’t really a pure
rotation. People were trying to understand the properties of polymeric materials, what
they’re particularly interested in is the so-called rheology, how do they flow? Okay,
viscosity. So they don’t flow in the same way as small liquids, they have a memory
for a start, so that if you take some liquids and pour them from the bottle, and then put
it back, sometimes they go, [slurping sound], back into the bottle. Have you ever seen
that?

No, I haven’t.
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Some cough mixtures will do that, some viscose polymers will do that. So you –
you’ve actually, an ordinary liquid wouldn’t do that, but it sort of it’s flowing slowly,
it’s viscose, and it gets pulled back into the bottle rather than going down. It’s quite
an interesting experiment to try. I believe cough mixture is quite a good way of doing
it [laughs].

I may have to go home and have a go at that.

I think if you – even with honey you might find if you were trying to pour honey and
turned it back quickly, it might go – but I think honey probably not, it’s not quite the
right viscosity. So people wanted to understand, I mean all of this, don’t forget I’ve
told you the molecule’s doing this, but nobody’s seen it, you know, you can’t put a
microscope on it, you don’t know where it is. That was the theoretical view of what
was going on. What people wanted to try and do was have a molecular picture of how
the molecules were moving, we haven’t even got to the question of how did they get
past the knots, that’s stage two in a minute. How they moved, and then be able to
describe theoretically the flow behaviour, because the flow behaviour is extremely
important, it determines how you’re going to be able to process the polymers. Okay,
so you’ve got a vat full of polyethylene, you want to make it into sheets, you want to
make it into pipes, you have to know how to deal with it. If you try and push it
through the pipe too fast it won’t flow. I’ve seen some processing where you push
things through pipes too fast and you get what’s called shark skin, it goes in judders,
and when it comes out the other end you can actually see, it looks like shark skin. If
you go too slowly you waste time, you know, the process is you want to do things
fast. If you go too fast you might leave so-called residual stress, the molecules might
be not quite where they’d like to be, and they have to relax back to where they want to
be. So understanding the rheology means understanding how to make things from
polymers. People had a lot of information about the rheology, but the molecular
scientists were attempting, the physicists were attempting, to start to try and relate the
molecules to what was going on. De Gennes was one of the very important people in
this and the person who had got me to Manchester last week when we spoke, Sam
Edwards, was another absolutely key person in this. So I was very fortunate, I was
going experiments in an area where people were really interested in what was going
on. And I’ll a little bit more later on. So it was the beginning, my fascination which
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how the molecules were moving in space, was the beginnings of relating to the people
looking at the rheology and trying to make models.

[31:30]

I think that’s really put it in context. Brilliant.

Okay, now do you want to stay in Manchester or move to Grenoble, because Grenoble
is where we actually started to get down to have the knots removing.

Let’s stay in Manchester for a moment. Because there were a few other sort of
questions I was going to ask because you sort of mentioned, we talked a lot about
what it was like working, you know, in Oxford. I was wondering, what was it like
working in Manchester in comparison?

Well it was a bit different of course because I was married and I was living quite a
long way away, so I was commuting in. I didn’t particularly have a circle of friends
in the university. I got to know people there, a number of people, whom I’ve
continued to know subsequently. But not a huge – in fact one of them came to visit
last weekend. Geoffrey Allen was building a polymer group there, he was also
working – he had an interaction with ICI, and he had what was called the joint lab,
and he had people working in it from ICI, and his own post-docs working together on
industrial type questions. A lot of what they were doing was making polymers, you
know, and then trying to understand them. So I was part of that set to some extent
and I got to know them. It was very similar to the physical chemistry lab in Oxford,
probably built at much the same time. I had a desk, and well we talked about using
Atlas for the computing last week. I was making samples, I really didn’t have to get
involved in the chemistry there. I mean, I was not up to putting deuterium on a
polymer molecule, deuterating the quinone, which I did in the undergraduate, the post
graduate was just about possible. So I would – it was mainly doing the experiments
and analysing the results. And to the analyse results, I indicated a little bit, looking
for the peaks for the methyl rotation was simple, deconvoluting what was going on in
the elastic region was not easy. The reason is that the mathematical process of
deconvolution is essentially impossible, you can go forwards, you can take two peaks
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and you can do the mathematical convolution of them that says what happens if I start
with a range of wavelengths and I add another range of wavelengths, because picking
them up form the sample, you can do that. But if you try and go backwards, you
haven’t got all the information, because the peak stops somewhere, it gets noisy, so
you’re short of information. So going backwards is very difficult. There were – what
people had done was they had – they had calculated, and it’s quite interesting, it was
astronomers who’d done it, for some reason they were interested in the convolution of
a Gaussian, which is the elastic peak, with a lorentzian, those are the two shapes of the
functions. The resolution was Gaussian, the shape you wanted was lorentzian. For
some reason astronomers were interested in the convolution, so they tabulated vast
tables of what the answer would be if you have a particular Gaussian. So I was using
those tables, but I was also trying to go in the forwards direction to write my own
convolution programme to see – to see what the signal would look like under different
circumstances. So that was the sort of thing I would have been doing in analysis
while I was there. I was also doing – I was doing some tutorial work in
thermodynamics, and talking to the polymer people, talking to the polymer – Sam
Edwards’ group in the physics department, and also materials people in UMIST, there
was a link there as well.

When you say sort of talking to them, can you sort of give me an example of what that
would actually involve?

Well talking to Sam Edwards meant going to his lectures and very little of which I
actually understood. I probably met some of his students and would tell them what I
was doing experimentally. I can’t remember too much detail about that, but I do
remember going to Sam Edwards’ lectures on polymer motion, because I was trying
to understand the rheology end of it. He talked in terms of things called Green’s
functions, and since I didn’t know what a Green’s function was then I was having a
great deal of difficulty, and I remember these lectures were always at two in the
afternoon, and it was time when it was very easy to go to sleep. But I got to know
him, you know, and I can’t remember what – presumably Geoff Allen and I would tell
him a bit about the experiments we were doing, because he certainly knew of me, and
knew me, by the time I came to Imperial, and he was in Cambridge. He moved from
Manchester to Cambridge subsequently, built a big group there.
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What sort of chap was he?

Well he is, he’s still alive [laughs]. He’s in Cambridge. He’s – he looks – he is
Welsh, he looks a sort of, and always looked, a sort of slightly avuncular jolly
Welshman with grey hair. He’s got one of the sharpest minds I know, could be not –
could not suffer fools gladly if the occasion arose, but actually was always incredibly
supportive, a great guy to talk to. And in my observation hugely supportive of young
scientists, he had a lot of people gone through him. If you look at where polymer
theoretical work is in this country, almost everybody can be traced back to working
with Sam Edwards at some point. And he didn’t just – he didn’t just have people
working with him, and if you like cannibalise on their work, he was actually
promoting them all the time, pushing them into jobs, getting them elected to things.
When the time came for me to be promoted to professor here, I asked him if he’d be a
referee, and he was only too glad to do it. But also he said to me, ‘Has anybody
proposed you for the Royal Society, would you like me to do it?’ Now that’s not a
direct colleague here, so that’s an example. He always, even when I knew him in
Manchester, which is what, forty years ago, looked middle aged. And it was very
interesting, because de Gennes and he have been compared always, they have
somewhat different backgrounds, but they worked so much in a similar area. De
Gennes was a, was I have to say because he died about three years ago, from a
wealthy aristocratic French family, tall, dashing, did skiing, did all sorts, so a
complete contrast to Edwards. I remember Edwards looking up when de Gennes
walked into a conference and saying, ‘The wretch, he looks younger every time I see
him’. But they were only about four years apart in age.

[38:05]

What about the materials people, what sort of contact did you have with them, and
who were they?

I’m trying to – well I can’t remember any names. There was a group over there, I
suspect I went across to talk about samples, and pick up samples. I remember going
there, and I think I might have done tutorials for the course they were running, there
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was some sort of joint course, masters course, on polymers, and I think I probably did
some tutorials. I certainly did tutorials on thermodynamics for the chemists in
Manchester. So I’ve always said to people, I learned thermodynamics three times in
my life; and an undergraduate in physics, as a post graduate teaching tutorials in
chemistry, and then when I came to chemical engineering, and thermodynamics is
different in each of the places.

Who else was actually in your research group?

Well there was this guy Peter Brier, who stayed the rest of his career with Geoffrey
Allen. He was already a lecturer, or senior lecturer. The person – the other people, I
can’t remember the names, the person I knew best was a guy called David Walsh, and
David Walsh was doing a PhD with Geoff Allen at the time, I think in this joint lab,
so I got to know him somewhat, and I’ve known him better over the years. He
subsequently went to Strathclyde, and then he came here to Imperial College. He and
I were recruited to Imperial College within a year of each other by Geoffrey Allen,
when Geoffrey Allen moved here from Manchester. But we’re jumping ahead of
ourselves, because that’s post France. But he and his wife I’ve known very well, they
were over visiting a week ago and they came to visit at home. There were other
people in that lab who I didn’t know as well, I hear from him what they’re up to, so
they’re more indirect. So he’s probably the one I remember most. I don’t remember
anybody else doing what you might call the physics type experiments I was doing, but
that’s probably reasonable, because I was recruited to do that.

But bearing in mind, you know, I come from a humanities background, I’m not sure
how a research group actually functions. How much of this work are you actually
doing on your own, how much is it related to the other people in the research group?

In my case I was – I would talk to Geoffrey Allen, particularly when we were talking
about the polymers as he had time, I mean I can’t remember how often but often
enough. And I think he did at least once come down with me to Harwell to see how
the experiments were done, as I recall. I would speak daily to Peter Brier, because
that’s the person I was working most closely with, we wrote the papers together, you
know. We had desks in the same room, you know. That would be absolutely regular.
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Deciding what I was going to do in a morning when I got in, that was me, you know, I
would – that was why when I got back there I remember just thinking I’m free to do
what I want to do, and driving this thing myself, which was so different from teaching
where you’re driving by the timetable and the syllabus and everything else.

How does one actually call for a paper?

Well, it varies hugely.

Let’s take Peter Brier as the example.

Well Peter Brier would get me to write something, and then he would write, he would
go through it, and then he’d give it back to me, and I’d have another go, and then I’d
give it to him, and after a while I realised we were effectively turning my style into
his style. So I did less and less at the beginning, and let him do the writing. The
papers we did on the polymers with Geoffrey Allen, I probably wrote a first draft and
I would – I think the bracketing stuff Geoffrey – about the polymers, Geoffrey Allen
would have written, and I can’t remember the exact detail. But essentially usually the
person who’s done the experiments will tend to write the first draft of what was done,
because they know the experimental part, and to some extent the analysis and
explanation. And then the big cheeses will tend to cut the – you’ll tend to have
discussion about what the other pieces are, and depending on the expertise, the more
senior person might well write the bracketing stuff, like the introduction. It would
normally be we all agree on it, I mean it wouldn’t be out of your hands, it would be a
discussion. But different people would write different bits. When I became much
more senior myself here, my post PhD students and post-docs would write first drafts
of things, I would write chunks, particularly the explanatory chunks, but we would
both read it through, and then decide if it worked we’d discuss it. So essentially, and
without electronic things, of course all this was being done handwritten and you
didn’t type things up till quite late on in the process, and you’d be cutting with
scissors, and cutting and pasting chunks, you know, if you decided the piece wanted
to go elsewhere. It was quite a laborious – it’s difficult now to remember how
laborious it was working on a paper and moving things around. Now it’s so easy with
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word processors, which ought to mean the papers are better, but I don’t think it does
always.

I would have been fascinating by that idea of actually cut pasting by hand, how much
of that do you actually have to do?

We did quite a lot. I mean, you know, you’ve got a first draft of a paper, you say,
well this bit ought to go back there, that bit ought to go there, you either sit down and
laboriously write it out by hand, or you do cut and paste as literal.

Was there much pressure on you to actually publish as a post-doc?

No. I mean, I was as keen as anybody, and I always have been, because to me getting
the thing to publication meant you got it clear in your head what it was, and in a sense
it drew a line round it. So for me publishing something was saying what I wanted to
say, and saying it in a sort of reasonably final version so I could say, that piece is
done, I can put it, you know – not that I’m not going to come back and do some more,
but you know, we’ve reached the point. So I don’t honestly recall at any point in my
life a pressure that was not coming from me to finish a paper and publish it. I think I
had enough personal drive that it was enough for anybody else [laughs]. But, no, we
weren’t. We were certainly doing some publications. There was the International
Atomic Energy Authority was running at that stage international meetings every few
years on neutron scattering, and some of the – a group of the papers I was looking at
on small molecules had come from an earlier meeting in India. Some of the best
scientists in the area were in India at the time. And there was another one coming up,
and so we wanted to have a paper in that. So there might be time pressure if you
wanted to get something into a particular conference, but generally speaking, no, I
don’t remember a huge pressure.

[44:41]

I was wondering as well, what as Manchester like in the 1970s?
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Well it was – the university was spread over a campus in the south side of the town,
and it was an area of Manchester they were regenerating, so actually there were large
chunks around it that had been pulled down. It was very strange because they would
pull everything down except the pub. Turns out that the pub, to keep a licence going,
you can transfer it from one building to another, but if you let it go lapse, so they’d
leave the pub till they built the new one. I just remember these empty streets with a
pub on the corner. And there was quite a lot of that round Manchester. Then if you
went a few miles further out from the university, you came to extremely posh areas of
Manchester, Prestbury I think, and other areas, Stockport was out that way. But just
that rim of Manchester was having a lot of new building done, particularly around
where UMIST was, which was a real old industrial area. In the centre they were
rebuilding things, I remember that they were rebuilding round the cathedral around
one of the churches, and they actually effectively lifted it and put it back down again
somewhat lower down. So there was a lot of rebuilding going on in Manchester. A
lot of it that was in fact not very successful. There was a very unpleasant shopping
centre that came somewhat after this stage, again I was visiting Manchester when I
had left there. So to some extent some of the things I’m remembering about the
centre, they had built something called the Arndale Centre which was lavatorial in its
architecture and really ugly, and pulled down a lot of the interesting bits of
Manchester near the middle. Sort of sadly but actually to the good of Manchester, the
Arndale Centre suffered an IRA bomb subsequently, and is greatly improved by not
being there anymore. And there was some filthy areas down by some of the rivers,
the Irwell and so forth, which were full of industrial waste. So it was – it was still an
industrial town, which had some regeneration going on. The centre was quite a
pleasant centre, I remember the shops, and of course I remember the Hallé Orchestra,
which I thought, was wonderful.

Did you see them often?

Not all that often, one of the things I remember most vividly was a concert that they
gave for in memory of John Barbirolli, who died just about that time. And they did
The Dream of Gerontius, which was a work that he had worked on very hard, and
they had singers who’d worked with him. And they had Janet Baker there, and she
actually broke down, she couldn’t sing one bit. I mean, she very quickly got going
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again, because she knew him so well, he’d supported her career. Years later I got an
honorary degree from York where she was the Chancellor, and I sat next to her at the
dinner, and I said I remember you in Manchester. She said, I’ve always remember
that concert, because it was so embarrassing, she said, you don’t break down when
you’re singing. So it was quite amusing. But – yes, so we did go, but I don’t know
how often. My then husband was doing music, so we would often be going off to
concerts at which he was singing for example, or the Royal Northern School of Music
doing performances and so forth. So there was a lot of music in my life then, some of
it centred around the Hallé, some around the College of Music, and some of it, as I
say, messiahs in distant places where he would be singing.

Whereabouts were you actually living?

A place called Higher Blackley, which was on the north side of Manchester, so I had
to commute across Manchester to the university every day. Sort of not unpleasant
area, it was not far from ICI Blackley, and the reason was because we found a house
near my in-laws, and I told you my father-in-law had worked for ICI. So that’s why
we were living on the north side.

[48:49]

I was wondering could you actually talk me through, you know, what’s a typical day
like?

Well it depended of course whether I was going down to Harwell or not, which I
would do – how often I did that, it was not infrequently, because some of the basic
analysis had to be done there. When I went to Harwell to do those experiments, I
stayed with – in the flat of a friend of mine who was – who’d stayed on in Oxford to
do some sort of post graduate work, so I used to stay with her and catch the bus out.
There was a hall of residence at Harwell, and I stayed one night in it, and I’m never
staying there again. The other thing was if I could stay with Margaret, I also met up
with other friends from John White’s group and so forth, and they did a social
occasion when I was there. But if I was just working, I would catch – or during most
of the time that I was working in Manchester I’d catch a bus, in fact I think it might
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have been two buses, to the university. Probably I’d be doing data analysis, but I
might also be working on a paper with Peter, we might sit down and talk through the
paper. I might be giving some tutorials to these people doing thermodynamics, so sort
of – I don’t think I ever – I don’t think I demonstrated in the labs there, as far as I can
recall. They had a – they did have a coffee room somewhere, so you’d have a coffee
at some point. And I might go off and do some shopping at lunchtime, if I had to get
the shopping home for dinner that night, but I don’t, you know, I don’t remember that.
So probably most days was sitting doing data analysis and talking about papers and
planning the next experiments. Okay, gosh, that went. But wait a minute, that’s only
12.00.

That’s fifty minutes.

Okay.

[50:43]

Data analysis, you talked last time about using the computer, I’m just wondering, can
you talk me through what you actually have to do to analyse data?

Well that’s what I’m trying to remember. Erm …

I’ve got this idea of graphs and numbers and computers, I’m just wondering if you
can sort of…

I think that I had to make the computers at Harwell print for me these peaks, I – one
thing would be simply using these tables that the astronomers had made, measuring
the half widths, and calculating what the half widths ought to be, and then plotting the
graph over the half width against this Q factor, and seeing what it looks like. But
there was more than that. And I can’t remember how much I had to do of preparing
the data from the magnetic files. I just have gone completely blank on that, it’s sort of
so many experiments ago, I can’t remember.
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So how long did you actually stay in Manchester as a post-doc?

Are we now recording or not?

We are actually, would you like to take a short break?

No, no, it’s okay, because you said …

No, no, your arm’s over your mic, so–

Oh, I see, I’m sorry, I thought you were stopping me [laughs]. I bet your pardon.
Sorry, about Manchester you said.

How long were you there for?

Nearly four years I think. Yes, it was complicated by my personal life, my husband
went off to work in Germany, and wasn’t sure whether I was going to go with him,
things weren’t working too well. And then when I did, I then got a message, again
this would have been through Geoffrey Allen talking to somebody else, talking to
somebody else, from a French group in Paris, saying would I like to do some post-doc
work with them. So I left – I essentially left Manchester after four years to go and
live in Germany, not knowing what I was going to do next, in northern Germany, a
northern industrial town where my husband was singing in the local opera. It wasn’t a
terribly happy time, I mean I wouldn’t particularly think we should record things, but
my marriage was breaking up, not in any unpleasant sense, but it clearly wasn’t going
to go – at least I didn’t know that, but it probably wasn’t going to go on indefinitely. I
got this letter asking me if I’d like to do some work in Paris. I knew who these people
were, I knew them by name, and they wanted – they were actually moving into
neutron scattering, they worked at the reactor in Paris, in Saclay, and they wanted
somebody to work with them doing neutron scattering. Now what had been going on
was that de Gennes and another theoretician who worked with him called Jannink had
been talking to the people in the reactor about doing experiments on polymers. They
were not polymer people, but de Gennes and Jannink were interested in polymers.
But while they were talking about the experiments, they were talking about doing,
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were completely different experiments from what I’d been doing. So we’ve got to
now define another sort of experiment with neutrons.

[54:02]

And it’s one with where you do remember the spatial information, so we’re now
going to for a little while forget dynamics, we’re going to simply ask something about
how molecules are arranged in space. Now I talked a little bit about diffraction,
where you can look at a crystal structure. I mentioned that if you did coherent
scattering you could get a crystal structure. There’s also something called small angle
scattering, and essentially if you scatter the neutrons off a random array of objects, so
just randomly arranged in space, and look rather close to the forward direction. So
you’re scattering at a small angle. And you look at the coherent scattering, then the
shape and arrangement of those objects will determine the shape of that – the funnel
of scattering if you like. So if you then put a detector there, you would see a peak
rather like my quasi elastic peak, only now it would simply be to do with the space,
the position of arrival, on the detector. So if you had a detector, you’d imagine a
mountain peak, peak towards the middle, and if you cut across it it would look like a
lorentzian, or some sort of curve. The shape of that curve carries information about
the shape and position of those random objects, off which it scattered, if it’s coherent
scattering, that small angle of scattering. What the question everybody has was, could
they use small angle scattering to tell them something about the shape of polymer
molecules? And I now have to back off and say, well why was that a question. So
you’ve – people didn’t even believe they had made large molecules till well into the
‘30s, there was a guy called Schrödinger in Germany who was the first to seriously
propose that this sort of gooey mess that the chemists were making actually was
extremely long chemically bonded molecules. A lot of the chemistry professions said
that’s impossible, you can’t be doing that. What you’re making is so-called collates,
sort of loose aggregates of small molecules. You’re not making a single long
molecule, it must be impossible. So took a long time, it was only rally coming up to
the second world war that it was accepted that that’s what was being made. That was
– Schrödinger was a big name in it.

[56:39]
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Then there’s a guy in the States called Flory, not the Flory of penicillin, another one,
Paul Flory. Again another Nobel Prize winner, who did a huge amount of work on
what shape are these molecules, how do they organise themselves? Do you coil up
into a little ball, and then sit like a whole lot neatly coiled balls of wool? The anger is
no, I’ve already said to you, it’s like the string drawer. So he did a huge amount of
work on what shape the molecule would be. And one of the basic pieces of physical
chemistry was, well, if you take a very, very long molecule, and the pieces are very
flexible, which essentially in a polymer molecule they are. So imagine something
that’s lots of little pieces joined together, but the term is freely jointed, so they can
wriggle as much as they like. And you say, well if I just throw that out in space, what
shape will it take? And apparently, if it’s completely freely jointed, it will do
something that the physicists have known for ages, it’s called a random walk. Though
you take an object and you put down one piece, or you take one step in space, your
next step is completely unrelated in direction to the previous one. So you put down
the first step, and you say, the first one has no influence on which direction the next
one will go. And then the next one, again no influence. So there is no constraint on
how they – how they join together in space, or how you walk. So you take a step, you
take another step, you take another step, it’s also called the drunkard’s walk for
obvious reasons. Turns out if you have enough steps, say 1,000, then statistics will
tell you precisely the distance between the first step and the last step. It’s the length
of the step times the square root of the number of steps.

And each of these steps is, it’s one polymer chain, it is a step–

No, it wouldn’t be a chain, it would be one piece.

One of these piece, yeah.

So CH2 unit, or something close to it in a polymer chain. So you know the shape it
ought to have in space, it’s got to make this random walk, but you know how big it
ought to be. Incidentally you know how far it is from the beginning to end, you don’t
know which direction it’s in, so I mean you know – so that’s the first thing, it will
form a random walk in space. Then the question was – so that’s when there’s no
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influence of the surroundings. Now let’s put it in a solution, so there are small
molecules around it, what will happen? Well it turns out the small molecules have a
tendency for it to expand in space. Why? Because a true, a theoretical random walk
can cross itself and go right through itself. If it’s a real polymer molecule it can’t, it’s
called excluded volume, it can’t actually get through itself. So in a solution it has to
be a bit bigger than a true random walk. So in fact it doesn’t quite, the size doesn’t
quite increase as the square of the number of steps. It’s a slightly different formula.
So there we are. The question everybody was asking, and you could measure that in
solution, people did light scattering and they had the polymers in solution, and they
could see the shape it was, the size it was from light scattering. The question was,
what would it be with other polymer molecules around it? Will it still have a random
walk shape? There were people in Germany who said, no, no, no, it’s going to try and
pack itself like a sort of haystacks locally. Flory said it will be a random walk and in
fact this excluded volume business will go away, because the molecules come back
and it’s crossing itself, it can’t cross itself, so in the solvent it moves away, but it can’t
do that in a melt, because it moves away from itself, it hits another chain. So his
argument was it will actually be a pure perfect random walk in the melt. The question
was nobody could do an experiment to prove it. And there were vicious arguments
around about what would and wouldn’t happen. Sorry.

[1:00:55]

So it was a big question. And what the neutron people suddenly realised if they had
anything to do with light scattering, the people I was going to work with in France,
some of them had done a lot of light scattering, was, well can we use this deuterium
labelling lark so that we can see one molecule in a melt, separate from all the others?
Okay, because deuteration doesn’t change the chemistry, it’s the same molecule.
Light scattering it’s easy, the solvent doesn’t scatter light the same as the polymer, but
as soon as you’ve got a polymer surrounded by other molecules how do you label it?
They’d done some very unsuccessful experiments trying to use X-ray scattering where
they put heavy atoms on, the trouble is if you put a lot of heavy atoms, it isn’t the
same polymer, if you put deuterium it’s the same polymer. So the experiment they
were all aiming for, when I joined the group, was to use small angle neutron
scattering, which hadn’t existed at Harwell, but did exist at Grenoble, so we have to
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talk about the Grenoble reactor in the minute. And to answer the question, is Flory
right? Are these molecules arranged as a random walk in the melt? Now what you do
is you make, you don’t have one single molecule label, what you do is you make a
mixture of some labelled, and some unlabelled, and what we did was we had about 3
per cent of deuterated molecules distributed. In order to prove this we needed
deuterated molecules very carefully controlled molecular weight, what’s called
narrow molecular weight distribution, because if you had a broad spread you weren’t
going to be able to tell how big they were anyway. And we wanted them with
deuterium on them, we wanted different sizes, because what we wanted to do was to
demonstrate that the size we measured increased as the square of the number of steps,
okay, actually it’s the square root of the number of steps. The square of the number of
steps, sorry, get that right. So they had an apparatus at Saclay that they’d been trying
to do this small angle scattering on, but it really didn’t have the solution. The French
and Germans had built in Grenoble in France a very high flux reactor, so much bigger
and more powerful than the one that we were using in Harwell. And they were
building on it a very, very powerful small angle scattering machine, to the extent that
it remains almost the most powerful in the world now, forty years later. This was
early 1970s. And the French were planning to do experiments on the reactor, they had
been talking to the – Geoffrey Allen, the English, about the equipment, and there were
Germans from Mainz, who were also going to do some experiments, and our plan was
to make these specially deuterated samples and to confirm or otherwise that Flory was
correct. So I had to learn a new technique, small angle scattering. Although I was
based in Saclay for a short time, essentially we were going to Grenoble to do the
experiments and I travelled with them to Grenoble and spent some months living in
Grenoble. In the midst of all that, England joined – the UK joined the common
market, which doesn’t sound relevant, except Ted Heath wanted a European project or
two, he – England, Britain, was about to contemplate building its own high-flux
reactor. He cancelled the lot, I don’t know if him personally, but the science advice
was cancel that, Britain will join the French and the Germans in the reactor in
Grenoble. So during that time when I was, over the six or nine months when I was
working with the French group, and I have – I can tell you a little more about the
French group in a minute, Britain joined the reactor, and they were recruiting
physicists. So the point of the joining was there would be physicists who worked
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there, and I was recruited as one of the first batch to work in Grenoble at the Institut
Laue-Langevin, it is named after Von Laue the German and Langevin the Frenchman.

[1:05:20]

Just to come back to the French group, although I was working with the Saclay people
and based in Paris, the collaboration which was paying me was with the big – a very
big and famous polymer group in Strasbourg, the leader of which was a man called
Henri, Henry, Henri, Benoit, and he was actually my employer. So he’d been – so de
Gennes, Jannink, had introduced the French group to the Strasbourg group, the
Strasbourg group were light scatterers, immediately saw the point of the experiments.
The Strasbourg group had the chemists who could make the deuterated polymers, a
guy called Picot and Duplessix were involved, and we all went to Grenoble together
to do the small angle scattering experiments. Which worked, we got a paper in
Nature, and we demonstrated. The Germans did similar experiments, but I think ours
was the first paper that really demonstrated Flory was right, and there was a random
walk, proper random walk confirmation in the melt.

[1:06:20]

I’m going to have to ask you to briefly define two of the terms that you’ve used. One
of them is in the melt.

Oh, well, above the glass transition. Because – so when it can really relax, in fact we
did our experiments on solid samples below the glass transition, but we’d allowed
them to mix in the melt. The whole point was to have the chains totally happy. You
could make a solid sample, which you’d stretched and frozen, we didn’t want that. So
it was in the bulk, I should have perhaps had said in the bulk state, okay. What I
meant was not in solution.

I was just imaging sort of almost like liquid polymer mix.
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No, in fact we were using polystyrene, so although they were carefully mixed in a
molten state, they were then solid samples, which we took down to do experiments
on. So we didn’t have to do it in a vat.

The other question I was going to ask about, resolution, is it just a case of having
more neutrons, or is there equipment?

It is to a large extent a case of having more neutrons, and counting more of them.
Now let me explain. I said that the detectors at Harwell that we were using were gas
detectors. One of the problems with the – there’s two problems with neutrons, you
haven’t got many to start with, a reactor produces, I don’t know, about ten to the
seventh less than a laser let’s say, you know, so you’re really struggling. And they’re
neutral, they’re difficult to count, you know, they don’t give you a nice electric – so
they’re often – one of the ways was to fill a tube with gas, and the neutron would hit
some nuclei, cause an electrical discharge, and then you would detect it electrically in
the gas filled detector. The ones we had at Harwell where boron trifluoride, BF3. A
lot of subsequent ones were helium filled detectors. But the point is they don’t cover
very much of space, if you think about it, a tube with some gas in, so you’re not
actually detecting a large number of the neutrons. So not only did you not have many
to start with, you’re wasting most of them. The reason these experiments in Grenoble
were supremely successful, and why it’s such an imposing machine – I should point
out it’s eighty metres long, tell you why in a minute – was first of all it was a highflux reactor, so there were a lot more neutrons coming from it, it had been built to do
this sort of experiment, and secondly, rather than have a few piddley little detectors
arranged in space, they had a great big almost metre square area detector, so like a
giant photographic plate. So you detected all of the neutrons that were scattered. This
was very, very clever technology, and one reason why these sort of experiments
weren’t done before, somebody had to develop the detector. The detector was filled
with gas, and in the – essentially in the walls it had two grids, one vertical, one
horizontal. And when a neutron hit something in the gas and caused an event, there’d
be a spark in a vertical line, and then horizontal line, and that immediately gave you
the trig point of where the neutron had arrived. And there were 4,096 effective
crossing points, so the detector had 4,096 covering, as I say, a metre squared in space,
as compared to all the previous apparatus, which covered tiny regions in space. So to
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 124
C1379/55 Track 5

come back to your question, we had many more neutrons from a high-flux reactor, we
detected them all over a large area, and this detector had quite high resolution. So it
was a centimetre square, the position. And we had to get to very small angles, and the
way we got to very small angles we’d move the detector eighty metres off, do you see
what I mean? You’re – if you bring the detector close, you’re scattering into wide
angles, if you take it a very long way away, you’re looking into a sort of very narrow
angle. So you’re centimetre square sort of tended a much smaller angle when it was –
it was forty metres from the sample, so there was a forty metre flight path to the
sample and a forty metre flight path beyond it. We didn’t always use it in that
position, we tended to use it in positions much closer in, because you needed a
particular sort of sample to really benefit from that long distance. But that’s how we
got the high resolution. At the time when I was doing these experiments, Benoit who
subsequently became a very good friend, and my co-author on the book, and all sorts
of things, very great scientist. He actually said in future years there’ll will not be a
text book or a journal issue on polymers that does not contain something on small
angle neutron scattering, he’s quite right. If you pick up any of the big journals,
macromolecules, or anything else, there’ll be some papers each week using – or each
month using neutron scattering. It’s an absolutely crucial tool, the reason being so –
this labelling business, polymer molecules you can – polymer molecules all have
hydrogen in them, you can replace the deuterium with hydrogen, so you immediately
have this labelling technique there under your hand. And to some extent the size, it
could look at these big objects better than X-rays actually.

One of the things, you mentioned this being used as a tool, and I’m just wondering
which did you actually see yourself as doing at this point? Did you see yourself as
developing a tool, a method that other people could use to find out about these things,
or were you interested in the molecule itself?

The latter, which is why I didn’t stay in Grenoble. I had a three-year appointment
there, and towards – just to back off a bit. The guy who was the first director, and set
the whole thing up was a guy called Maier-Leibnitz, much revered in Germany. His
view was he was going to have all young scientists on short-term contracts, because
they will be keen and eager and bring you ideas, and it will move on. However it
became perfectly obvious you need some people to stay longer and maintain the
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memory. And about the time that I was there, they started offering some short-term –
some permanent contracts, long-term contracts. And I was offered one and I refused
it, and I refused it precisely for the reason you say, I did not see myself as somebody
who was going to develop the techniques, I wanted to be the person who had the
problems. Exactly the answer to your question. Why did I refuse it? Because those
of us on short-term contracts had an extra payment, because it was a short-term
contract, and if I’d taken the long-term contract my salary would have dropped.
Okay, that sounds a bit money grabbing, but I knew I wanted to leave, and I was also
wanting to force myself to be in a position to leave, if you can understand that.
Psychologically taking a permanent job I might have found I was just stuck there, and
I wanted to leave. I mean, I loved the place, I had a great time there, working in
France, Grenoble’s a beautiful place, all those things, but I wanted to have the
problems, not the technique.

Take a short pause I think.

End of Track 5
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[Track 6]

I was curious as to why you decided to leave Manchester?

Well my then husband had got a job singing in northern Germany, and I thought I
should go to. I didn’t know what I was going to do next, but I decided I ought to
follow him, so I did. And hadn’t been there a very long time before I had a letter,
probably about six months, but it might have been less, six months, I had a letter from
this French group in Paris that I mentioned to you saying was I interested in a postdoc position. And I think it was clear to me that I had to do something, so I decided
to go. So I got on a train and went to Paris. My French was some O level, and not
since, hadn’t been in France I think since – for about, I’d been once when I was 18. I
remember I had instructions about how to find a – where I was going to be staying,
near the Saclay reactor, they had a hall, a guest house, for visitors working there. And
I arrived on the 1st November, which I hadn’t realised was a public holiday in France.
The person who I was going to work with, Jannink, who was a very nice man, had
said he would meet me, but nobody met me, nobody met me at the station. So I got
myself across Paris on the metro to this hall of residence and then thought, well I
either sit down and despair, or I go out and get something to eat. And the following
morning at breakfast he turned up most apologetic, because this 1st November thing
had just got in the way. So I stayed in this hostel, and was – how did I get there? I
think I could walk from there, or somebody gave me as lift from there up to Saclay,
which was like Harwell, it was a reactor with the usual safety things for getting in.
And did experiments there with them, learned French rapidly. They were a good
crowd, you know, they all become good friends, and I knew a lot of them
subsequently. I remember fairly early on I was struggling with the tu and vous in
French. And there was a lady from the university, Fernande Moussa, who was
working there and I would talk to her about this, and she said, ‘Right, Julia, the next
coffee,’ and they did have coffee morning and afternoon regularly, she said, ‘Right,
everybody, from now on Julia is going to call you all tu.’ And that was so good,
because I could stop struggling with it. Because, you know, it’s a real problem what
you do. And from then on we – you know, there was no way that they would – I
could ask them to speak English, although they all could speak some English. So I
had to learn French, but they were very good. I mean, if I stopped them and said, you
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know, what does that mean? They would – they would explain it, so they were quite
good tutorially. And with one of them, Jean Pierre Cotton, we had a code, that if I
heard something and I wasn’t exactly sure whether, you know whether it was slang or
whatever, I would say to him, can I use that to my grandmother? Because, you know,
there was a hell of a lot of stuff whizzing around that you would hear, you know, in
mainly masculine technical surroundings [laughs], that you might choose not to
repeat, and I could have – I don’t think they were using particularly bad language, but
I thought I ought to be careful.

[03:30]

So I was there in that hostel, and that was another area where I met friends. The
hostel, all the French people staying in the hostel went home at the weekend, and the
hostel closed down. I mean, we were allowed to have our bedrooms and the key, but
it stopped doing any catering at all. And the only people left there were the
foreigners, one of whom was a Swiss guy from ETA Zurich, which whom I’m still
close friends, him and his family, he was there doing, not neutron scattering, but other
things at Saclay. There was a Japanese guy who I still correspond with, I haven’t seen
him for a long time. There was a couple of Romanians, and we had to make our own
society at the weekend, we mostly didn’t go in Saclay, it was very difficult to get in at
the weekend, so we had to make our own society. I used to go into Paris a lot and
walk – look at everything I could in Paris. But we had to go out to restaurants
together, we had to find somewhere to eat. On one occasion we brought a barbecue
and barbecued on the balcony [laughs] because, you know, it was extraordinary, they
locked the kitchen, you know, I mean you would have thought that they would have
given us some sort of access. My French developed because the only common
language, all these different nationalities had, was French, so we had to speak French
to each other. I can tell you, French with a strong Japanese accent is quite amusing.

Was technical French easier?

It was interesting. I learned as lot about small angle scattering while I was with that
French group, to the extent that I learned the words in French first. And I had the
bizarre experience subsequently of having to work out, or ask somebody, what the
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English was, you know, I would tend to say the French word, even if I was speaking
English. No, that’s not what I want. So – the French maths was difficult because, you
know, almost every day they were developing the theory of the scattering, what we
were seeing in the scattering, how we were going to analyse it. And Jannink would
come in, the theoretician, and start dashing away on the blackboard, and things like X
squared, is X or cap A, they don’t use the decimal point in the same way, they tend to
use commas. You know, so there were a whole lot of things, if I heard the maths, you
know, you’d hear X squared, and know what it was. I had to be watching the whole
time because I didn’t recognise it.

[06:00]

What sort of place was Saclay?

Well it was out like Harwell, outside Paris, with a fairly – it was very like Harwell in
the sense it had different buildings, had quite a lot of different science going on. It
had a gate system, you had to have a pass to get in. You needed a bus to get there, it
was a long way from anywhere sensible. Probably closer to the nearest village than
Harwell was, but not much. Well again I was working with this French group quite
closely, and we were doing new experiments, and we travelled off to Harwell together
– not Harwell, Grenoble together, to see about the experiences. When we were doing
the experiments I spent about six weeks living in Grenoble in a hotel, and they would
come down and we would talk about it. So it was an interesting time.

[06:56]

Apart from the language differences, what was it like working in France compared to
your experience in Britain? Were there any differences?

Well I was – yes, I think – by the was it was because it was – well there were a
number of obvious differences. One was there were more women in the science there,
so I met – there was quite a few women that I met through the French group, I
mentioned this lady Fernande Moussa,, there were others that I met then and
subsequently. There were more women in physics than there had been in the UK, so
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that was one obvious thing. Erm … it was a new area of science, it was new to me
anyway. They had their certain habits of the way they were working, so there was
always coffee at a certain time in the morning, they all went off to lunch together at a
certain time, lunch, meals, were important. When we went down to Grenoble, we
stopped – we would always – it was a thoroughly pleasant time because we would go
off for nice meals in the middle of the day, even if you were doing experiments at an
awkward time, we had good meals. And when I was taking my own research group
down, it was fun because there were nice places to for meals, and you would – I
would always plan out a schedule that allowed us to go and eat something. The
students were quite amused, because they expected the schedule to be all about work,
and my view was if we didn’t eat they wouldn’t do any work, you know. They would
completely forget about a meal and sleeping, and everything else, and I’d have this
schedule that told them that they had to go and eat. Because when you got time on
that small angle scattering apparatus, it was called D11 and many, many people in the
world who know D11, all the instruments in the Institut Laue-Langevin were given
numbers. So if it was D, it was a diffraction machine, and then they had numbers. So
they were rather dull names whereas Harwell had given them, some of them would
had had names. Anisis [ph], the pulse neutron source that we’ll eventually get to later
in my life, has much more – much nice names like – I’m trying to remember what
they – Irish, and Isis, and Crisp. They actually give them acronyms you can speak,
but the ILL ones were all D this and I that. The reactor had started, probably started
as a reactor about five years before, but the instruments were still in the construction
stage. So they had – they had the reactor in the middle, and then they had beam lines
going out, and they’d actually used so-called guide tubes, which are like light pipes to
take the neutrons further away, outside the reactor wall, and into a so-called guide
hall. So they’d managed to allow as lot more experiments to be looking at this highflux reactor. Sorry, I suddenly switched back to ILL, I can’t – why we got there, we
were still in Paris for a while, weren’t we?

[09:55]

You mentioned a few little bits there in passing, having students, colleagues. I was
just wondering if you could situate yourself within the group in Paris for me? How do
you fit in, and who else is there?
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 130
C1379/55 Track 6

Well there were – there were two main scientists there who would be called scientists
in the reactor here, one was called Bernard Farnoux, and the other was Jean Pierre
Cotton. There were two at – and then there was Jannink the theoretician who’d be
coming in. So we were people working on the small angle scattering, there were other
people using that reactor to do different experiments, and they’d be in and out. There
were technicians around, and I can’t actually remember the name of the technicians,
because I wasn’t – they would be keeping the apparatus going, and I wasn’t directly
involved so much. I never did experiments on the Saclay apparatus, I don’t think. I
was really there to use the Grenoble apparatus, and my experiments were largely
there. We would go off to – periodically we’d go off to Strasbourg, we’d fly to
Strasbourg, and Benoit would pick up at the airport and drive us to the lab, and we’d
spend a day working and having lunch out, and then he’d always get us to the airport
going home to Paris late. It was always hectic [laughs]. He was a wild driver was
Benoit. So we’d be talking about the experiments, planning what we were gong to do,
or talking about the results. So that was, you know, that was – my employment there
was from November 1st till July 1st, so it wasn’t a hugely long length of time. But of
course I went on working with these people, once I was employed at Grenoble, I was
still working with the French group as much as I was working with any other group,
just with a slightly different position.

I’m interested as well, how did you actually get the job in Paris in the first place?

I got a – I assume that well I know that people like Benoit and others had been –
would know Geoffrey Allen, they would be talking to each other. And I think that
they must have said do you know anybody who might be interested in a post-doc, and
he’d given them my name, you know. It’s the usual – it happens actually quite a lot
of course in the scientific world. So I got a letter out of the blue saying would you like
to come and do – come and work in Paris. And because of what was going on
domestically, it seemed like probably a good idea, and I did. But, you know, ask me
what I’d have done if that hadn’t happened, I don’t know, you know, you can’t go
back. I expect I’d have found something, in fact I’m sure I would, but I don’t know.
I mean I knew perfectly well I couldn’t go on just – first of all we couldn’t afford it,
and I couldn’t go on just living in–
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[12:47]

Where were you living?

A place called Gelsenkirchen, which is on the Ruhr and is a real heavy industrial
town. So I’d gone from Sheffield, if you recall, Rotherham where I was teaching, to
Manchester which industry, and then to Gelsenkirchen. Not very far from Essen and
Dortmund, and places like that. It was a real industrial place. But it did have a brand
new opera house, and it was – that’s what my ex-husband was recruited to do, was to
work, sign, at the opera house, sing in the chorus in the opera house. It also had a
very famous, still has a very famous football team, called Gelsenkirchen 04, zero four,
I always remember that. And it was heavily industrial in place, I mean there was the
Ruhr, not very beautiful at all.

What did you actually do when you were in Germany?

Well not much. I mean, sort of domestic things with sort of – to get the flat going,
and sort of cook and eat, and my then husband spent the summer at Bayreuth singing
in the festival chorus at Bayreuth. So we spent the summer in Bayreuth which was
quite fun. But as I say, I think this whole period was probably only about six months,
it was quite short. And during that time I was undoubtedly thinking about what on
earth I could do, you know, I knew I couldn’t sit at home, but I can’t recall that I
come up with any solution to that question. Whether it was going to involve me
going back to the UK, or whether it was going to involve – whether I could find
something in Germany. My German was much – was not as good as my French, even
when I arrived, but on the other hand I could get around in German, but I most
certainly couldn’t have carried on conversations in German, whereas in French
certainly by the end I could lecture in French. I still can, but with a bit of practice
first, you know, it’s rusty.

What did your husband think about you going to Paris?
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Well because things were breaking up, I think he thought it was quite a good idea
[laughs], you know. We weren’t quarrelling, but you know, things just weren’t
working. So I think he thought it was a good idea, was something for me to do, and
probably was a relief in a way.

When do you actually break up?

Pretty well while I was in Paris, you know, there was no question that I was going to
go back. I mean when the job came up it was quite clear I was going to take it, that
was the obvious thing to do.

[15:05]

How do you actually get from being in Paris to being at Grenoble?

Ah, well, the teams in Paris and Strasbourg, because that was what I was, I was part of
that team, was doing experiments in Grenoble. So actually all the time I was in Paris I
was spending a lot of the time in Grenoble anyway. Grenoble – Heath joined in the –
made it a triumvirate, it had been Germany and France who owned it, he bought
Britain into it, bought, I mean you know paid. Immediately they wanted to recruit
young scientists to work there. So it was a call went out for people who had been
doing neutron scatterings, and seven of us were recruited that summer, of which I was
one. I was doing experiments with the French there and was given an extremely I
would say not heavy interview by the then director and told I’d got a job. But of
course there’s a lot going on in the background, Geoffrey Allen was very much a part
of these people interested in England joining – the UK joining the team. I would have
had references from the French lot, from Geoffrey Allen, probably from Edwards, you
know, I didn’t need to do – I don’t even recall filling in an application form. I
probably did. And then the seven of us, who already knew each other from having
done experiments at Harwell, we all joined at about the same time, and knew each
other very well. So there’s quite a good ex-pat community there.

[16:34]
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Can you actually describe what Grenoble was like to me?

Well it was a very exciting place to be because – you mean the city? The city was
beautiful, the city is in the French Alps, it’s at the junction of two rivers, the Drac and
the Isère, and the reactor was built there because already there was a French reactor
there, so it was a nuclear site. And they used the river for cooling, for cooling water
for the reactor, so it was built. But unlike the reactors that I’d seen elsewhere in the
world, it was within a walking distance, about a mile, of the centre of the city. The
city had an old centre, it was a very old centre, on the, focused on the bridge, but had
been one of the cities very much involved in the technological development in France.
So had a huge amount of white industry developed there, a number of national
laboratories, a big university. So it was a highly scientific technical place with the
reactor there. I got a flat in a building that had been constructed at the time of the
winter Olympics had been in Grenoble about four or five years before. And these
blocks of flats were constructed for the press, so they were brand new blocks of flats,
so I had a flat on the 27th floor looking straight at the French Alps. And a lot of
people wondered why I ever came back [laughs].

I have to ask, is that that picture on the wall actually Grenoble?

Yes, and those three blocks you can see are – I was in the middle one looking straight
at that view over there which is the Alps. And this is the Isère river in front, which
goes through the centre of the town.

[18:21]

Can you actually describe what the research centre was like?

Well, as I said, it was a very exciting place, because it was brand new, it was full of
new young scientists, people like me developing new techniques, visitors coming in.
It was the best place in the world to do neutron scattering, so people would come from
all over the world. Gave me a network of contacts that I was working with that was
second to none. It was also developing new uses of the neutron. Once you admitted
that you could use new detector techniques, and area detectors, once you knew you’d
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got a very high flux at the centre, people started thinking of all sorts of different ways
of using the neutron. The immediate one was the small angle scattering, which had
been talked about at other places, but really hadn’t been successful. I should just
interject that I have lost something that I really would have liked to show you, which
was the minutes of a meeting held in – probably in Manchester, probably in ICI, late
‘60s probably, early ‘70s, at which it was concluded small angle scattering was very
unlikely to be useful for polymer science. Isn’t that lovely? And then a little bit later
you had Benoit saying nothing will be written, and now it’s just completely there.
And they hadn’t quite grasped how the signal intensities would work, that was the
problem. And if you looked at it in terms of doing experiments like I’d been doing
with the incoherent labelling, you though well – you’re just not going to get a big
signal. They’d forgotten that the small angle scattering signal is absolutely
concentrated in the forward direction. It’s not split over four, all the angles of scatter,
so the intensity is much, much more than they were imaging. And it took me a bit of
time to grasp that, because I was used to scattering, incoherent scattering goes
everywhere, and of course when you distribute it over the whole surface of a sphere
you don’t get an awful lot. If you concentrate it all into a little cone in the forward
direction, you get much more signal. But anyway I lost those minutes at some point,
and I wish I’d still got them. So there were these new techniques, a lot of the space
was not yet filled, you know, the apparatus was being built. I was fortunate because
one of the other apparatus that was being built was a grown up version of the one I’d
used at Harwell when I’d become interested in the dynamics, the quasi elastic
scattering. And so I was able at the time, at the same time, once I was on the staff
there doing small angle scattering, which was my main job, I was also working on the
machine with quasi elastic scattering, and able to pursue my interest of how – what
would happen with the scattering from my polymers, particularly if I could go to even
smaller wave factors. You remember I said I was just limited, I could not see this Q
to the fourth, well with this new apparatus I had much better – a hundred times better
resolution and I could go to smaller angles. So I was able to pursue that over the next
few years. And then over the next – sequentially, over the next few years new
techniques were being developed. There was a very, very clever one for doing quasi
elastic scattering, and if we’ve got time I’ll just quickly explain, it’s called back
scattering. The problem with the – what I had been doing was I wanted to know the
energy change when the neutron hit the sample, which – and if you wanted to measure
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a very small energy change, you had to measure with extremely high precision the
incoming energy, and with extremely high precision the outgoing energy. The
technique that was developed was one where you only ever measured the change,
which was rather clever, because then you didn’t have to measure with high precision
the ingoing and outgoing. The way it was done was to scatter a – to send a beam of
neutrons on a crystal that was mounted on a drive, so it could move backwards and
forwards. And the crystal in so-called back scattering gives you almost infinitely
sharp wavelengths, it’s very, very sharp. So the beam hit the crystal and gave you a
very sharp beam. And then it was sent off and scattered by the sample. And then it
was reflected off a second crystal set only to detect that same wavelength that had
come off the first crystal. So at the moment there’s nothing happening. Only if the
neutron that started at the first crystal leaves the sample with the same wavelength as
it came in with will it get detected after the second crystal. You’ve got two crystals,
and the sample in between. Then what you do is you drive the first crystal backwards
and forwards, so the neutrons are being given slightly different energies than would
be detected by the crystal. And you leave the other crystal, the second crystal, the
same. Now then only if a neutron when it got to the sample picks up or loses the
same amount of energy it had lost or picked up the inverse of what it was doing on the
crystal, does it ever get through the second crystal. So you measure much, much
slower energies, which are simply given by batting the neutrons a little bit. A very,
very clever technique and it took us down another order of magnitude in resolution, so
we could measure much smaller energies. That was the first. And then go onto some
even more clever higher resolution techniques so it was – I was extraordinary lucky
through my career at the time when all these new techniques came long and I could be
the one who was applying them to polymers. So the small angle scattering I was there
right at the beginning of doing polymers, high resolution quasi elastic, the back
scattering, I was one of the first to look at polymers. Subsequently much later on
there was something called nucleus – neutron spin resonance, but I’ll tell you about
that some other time. And then even later than that there was neutron reflectivity, and
each time I was one of the people who was able to use it right at the beginning on
polymers. So I had great fun.

[24:39]
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Why the relevance of the low energies?

Well because what we wanted to do was get in this regime where we were beginning
to detect movements of longer segments of the polymer molecule where it didn’t any
more look like a free liquid, it was being constrained by the entanglements. We
would never get to the point of seeing a whole polymer molecule, but we were trying,
we were pushing all the time to try and see the point where the entanglements were
really having an effect, so it not longer looked like water. And that meant we had to
go to very high resolution, and small angles, because the small angles looked at the
bigger distances.

What was your actual position in Grenoble?

I was called a physicist, that was the name of the scientists who were employed there.
So they had – and they just called us physicists, but it was a scientific position for
people with doctorates. They also had some experimental officers, and a lot of
technicians. The experimental officers some of them were French, and some of them
were English and German. The technicians were all French, so again I had to keep
my French going. I found the most useful word in the French language in Saclay, but
particularly in Grenoble, was truc, t-r-u-c. And truc means thingamajig, so I would go
to the workshop, and say, in my best French, have you got a truc? And then I would
mime what I wanted it to do, so if it was a screwdriver, I’d mime a screwdriver. If it
was a hammer, I’d – because I didn’t know the words for these things, but it was
extremely useful word.

Were you actually sort of supposed to be working on anything in particular, or was it
up to you?

Well the main job was to act as the contact and support for all the outside scientist
coming to do experiments. So you were meant to help them do the experiments and
use the machine to the best advantage. Of course a lot of the – a lot of the
experiments were ones I would be interested in, to a large extent you got involved in
the ones that you would be interested in, and you got involved in the publication. So I
was involved in all the experiments coming from Geoffrey Allen’s group, and
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involved in the publications. All the ones coming from the French group, and so
forth. But sometimes I had to – I would help people whose papers I might not get
involved with, there were Americans came across. But that was great, and then made
contacts. But at the same time the quasi elastic work was largely my own work, and I
was, you know, we were encouraged to do some of our own research. So it had to get
more formalised later on, they had to somehow define how much time people would
have. But at the beginning it was fairly relaxed because we were all helping to
develop new things all the time.

[27:30]

But if you say what was the job, the job was to make sure that people coming in could
do good experiments and get good data from it.

Since we’re going to have to wrap up in a minute. I’ve got – there was one thing you
raised in passing a few minutes ago, which I’d like to pick up on, which is contacts
with industry. So you mentioned ICI in Manchester, did you have much to do with
them?

Only indirectly through the joint lab. They were interested, they subsequently did
become quite interested in small angle scattering, but they were – they had their own
scientists working with them who actually formed a collaboration with the German
group, and did a lot of the work with the German group. But I knew them quite well.
I sort of – I’m trying to think. Over the years I did get involved with different bits of
industry. Subsequently when I was back in the UK working at Imperial, I did have
collaborations with ICI doing small angle scattering, and I had collaboration with, a
long collaboration with Exxon in the United States doing small angle scattering on
some of the systems. Did some work with Du Pont in the States. I don’t think I ever
did work with Courtaulds [ph] over here. Unilever I had a longish collaboration with.
Once you had this technique, you were a valuable collaborator. So they were all
through using neutrons essentially. People were interested in working with me
because I had access to the neutrons, and knew how to get good data from them. So
that was – it was – as I said ages ago, choosing neutron scattering was absolutely the
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right thing to have done. I couldn’t possibly have foretold all this future at the time
though.

What about the sort of people you were facilitating neutron scattering for at
Grenoble, were they mainly the academics, or industrial, or–?

They were nearly all academics. There was a lovely pair who came from the States,
Bob Ullman, and he actually was employed by Ford Motor Company but I mean this
was nothing to do with Ford Motor Company. He was a very good scientist, he was
working with scientists in Missouri. I can’t think of the other guy’s name. But
anyway, they came – they had been interested in doing small angle scattering, and
they came across to do experiments. They became very good friends. Almost all the
people that one had to work with, you got to know quite well. It’s a wonderful
international network this whole neutron scattering business, to the extent that years
later when I got money from the research council, and money to support a post-doc to
do quasi elastic scattering, and at that point the ILL went off air for a year and a half,
you know, so I got the person, but I hadn’t got the technique. I just called in all my
good will around the world, whenever there was neutron scattering and my post-doc,
went off there and did it. So the networks worked very well, you know.

Are there any colleagues you remember particularly well from that period of
collaboration at Grenoble?

Well so many of them actually. It’s – it’s actually quite difficult to distinguish,
because I had such a broad circle of friends from – you know, I started – the French
groups I’ve mentioned already, Picot and Duplessix, and Benoit, and Cotton, we did
things together. Then there were these two Americans, John King was – and Bob
Ullman. There was – later on there were much younger people. There was – I’m
trying to think there was somebody from – I’m sure somebody came from Japan, but
at exactly what point I can’t remember. I do recall acting as a local contact for some
people I didn’t know very well, and they might well have been Japanese. And you
know in Japan it’s very rude to say no, you agree with people. And I was having
great difficulty working out whether this pair had understood the instructions of how
to use the apparatus. I was going to leave them running it over night. And, you
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know, I would say, did you understand? And in the end I was reduced to doing what
you do to a child, I said to them, tell me what you’re going to do? It was very
embarrassing but it was the only way I could see that I could get to find out whether
they understood [laughs].

[31:45]

I mean, it’s interesting remembering back. It was in construction and in order – at
that point to put a sample in you had to clamber onto the top of the apparatus, which
was a metre high, a metre high evacuated tube, you had to clamber up onto the top of
it with ladders. You had to essentially drop your sample on a thing down to the
bottom, then clamber down again, and then open all the beams, then start the
experiment. And you were doing this every twenty minutes all night, you know. The
fact that nobody broke their neck is absolutely incredible [laughs]. They gradually
over the years they developed sample changers so you could load ten samples at once
rather than dropping one in. When we – when we wanted to change the angle,
supposing we got a sample that we’d been looking at with the detector close, and we
decided we wanted to look at features that were right near the middle, which meant
better to move the detector back. The detector, all hundreds of thousands of pounds
of it, was lifted on a crane and swung in the air and then dropped down into position.
It was absolutely amazing, it was sort of heavy-ish engineering, and we were doing
this all with no sleep, well we tried to fix it so that some of us got some sleep, you
know. It was an amusing time. I remember one time I was working with a colleague
who was at that point, is still a good friend, but at that point was a post-doc with
Geoffrey Allen, and he’d taken as it were the first shift, and I’d gone and got a bit of
kip in the library. I think I found somewhere to lie down for a few hours. Came back,
and he was playing a computer game. And it’s a computer game, I don’t know
whether you’ve ever seen it, it was called the moon landing game, and you actually
had control of the amount of fuel, and the velocity, and various things. And the idea
was you landed a rocket on the moon sort of playing, you know, changing these
parameters, and if you didn’t the moon got, you know, it just stayed there as a wreck.
And I came – I woke up and Randal [Randal Richards] had been sitting there filling in
the gaps between changing samples, playing the moon landing game, and he said,
here you have a go, I can’t land it. I sort of like this [demonstrates], it’s the only time
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in my life I’ve ever landed the rocket on the moon, he was so annoyed. Because it
was littered with all the wrecks.

What were you playing it on?

On the computer.

What sort of computer?

Well it was – actually I think they were IBM computers at that point. They were the
computers that were running the machinery, but when they weren’t doing anything,
you could do other things, you know, so you could play games on there. I remember
coming in one time and the security guards at the entrance were playing on there, the
one’s guarding the reactor. Yes, it was – the computer system was by no means all
that reliable either. There were times when it sort of just sort of stopped and you
couldn’t get support, you know, there you were. Until somebody showed me that if
you were really stuck the thing that you did was go round the back, pull out the mains
plug, and put it back in again, and then everything restarted, and sometimes that
worked.

How big are we talking about computer system?

Well these – what they had insisted on doing at that point was connecting several
pieces of apparatus to one computer. So the one computer was probably, you know,
this room size. But what we had locally was just the electronics for the counting, and
computer and keyboard. And then all the data was being collected on this central
computer, and put on magnetic tape. And in fact we had no means of knowing how
our experiments were going. We could see what was on the screen while the
experiment was running, the counting was accumulating, so you could see it. The
moment you finished that experiment it was written to the magnetic tape and then you
had no access until they gave it back to you on cards the next day, if you were lucky.
And then you could do some analysis. See you’re doing the experiments almost
blind. I mean, it’s completely different now, it can do online analysis all sorts of
things, but it was a different world.
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End of Track 6
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[Track 7]

Julia, I was wondering if we could start today with perhaps an overview of the
neutron scattering, why it’s important? And I thought let’s take this right back to
the beginning, and for the benefit of those people who don’t know, partly for me
as well to be honest, but what’s a polymer?

The name is Greek, poly is Greek for many, and mer is Greek for a unit, a piece. So a
polymer is something that’s made of many pieces exactly the same joined together.
So if you can image taking Lego, taking one particular style of Lego, and just joining
one after the other until you’ve got a 1,000 or 10,000 of them joined together in a long
line, generally speaking in a long line. Just in parentheses, I will say sometimes the
line branches and you get branched systems. But essentially it’s a long line of pieces
that are exactly the same. And the simplest possible polymer, not simplest in its
behaviour, but the simplest in the chemistry, is polythene, which we all know about.
We see polythene actually in lots of different forms, coming from that complexity I
mentioned. I can give you a polythene bag and sometimes the polythene bag is soft
and flexible, and sometimes it crackles, and that’s all to do with how the polythene
has formed itself, but the molecule is the same. And the molecule is a carbon with
two hydrogens on it, and thousands of them joined together. So the carbons hold
hands, forming what is called the backbone, and each carbon has two hydrogens
sitting on the same carbon. So if you look at it as a diagram, it’s CH2, CH2, CH2, as
long as I could bear to say it. And that’s the simplest possible structure for as
polymer. It wasn’t one of the earliest ones made, historically it was made round about
the time of the Second World War, and it was made, as with many of these things, by
accident. ICI made it, and they discovered in some reactors they were doing
experiments in, is a white powder and when it was analysed it was eventually found to
by polyethylene. It has to be made at high pressure and high temperature, and it
wasn’t the sort of thing that people had been making before. If you go to the science
museum in their materials labs, they actually have the original reactor in which
polythene was made by ICI, which is quite interesting. So there’s polythene, this
CH2, CH2, CH2. Now what can you do to make that more complicated? I said the
carbons hold hands, that’s the backbone, it’s referred to as the backbone as the
polymer, the hydrogens are referred to as the side groups, okay. Now the first thing
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you could do is you could put a different side group on. So, for example, instead of a
hydrogen on each carbon, you could occasionally put a methyl group, which is a CH3.
So the carbon would be joining hands with two carbons either side of it, and it would
have a carbon with three hydrogens attached to it, also attached to it. So looking at
your picture, and instead of just having hydrogens as the sort of fur on the backbone,
you would have CH3 groups as a rather chunkier fur on the backbone, and you could
make something even more complicated, and bigger, and fancier. And they’re all
called side chains, each time you do that you get a different material. If you put some
CH3 groups on, you get something called polypropylene. And polypropylene has
different properties to polyethylene, and actually we do see polypropylene in
everyday life, polypropylene is used in quite a number of containers just as
polyethylene is. Milk bottle containers tend to be polyethylene, if I get it right, and I
think if you want a crate that you’re going to put bottles in, glass bottles, you’d
probably use polypropylene, because they have slightly different properties. They’re
both flexible, but they have different properties. So that’s one thing you can do, and
all the polymers, the carbon-based polymers, will have backbone CCCCC, and
different groups off the side. But the next thing you can do is you can make the
backbone more complicated, you could say well I won’t have just carbons, I’ll throw
some oxygens in there. So I’ll have a carbon and a oxygen, and a carbon, and an
oxygen, you can do that perfectly well, then you get again different properties. Or
you could go even more different, if you like, and you can say, well I won’t use
carbon at all, I’ll make a backbone of something else. And the one that’s most
commonly talked about, and one that we’ve referred to before, is siloxane, where the
backbone is silicon oxygen, silicon oxygen, silicon oxygen. The silicon has some side
groups on it, which might be methyl groups, CH3, and it makes thinks like potty
putty, or silly putty, but more practically it makes the stuff you use to seal the edge of
the bath, bath sealants are siloxanes. And that’s – in fact it’s an extremely widely
used polymer. It’s one of the few which is regularly used and doesn’t have a carbon
backbone, almost all the ones I might refer to will have carbon backbones with
varying degrees of complexity in the backbone, it might just be carbons holding
hands, they might have oxygens in there, could have a nitrogen in there.

[05:36]
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The natural polymers, just as a digression, the ones that are found in nature, in the
body, in plants, and everything else, often have nitrogens in there as well, but we
won’t go into that. The one other thing it’s worth saying is I mentioned that the
backbone might just not be a straight line, it might occasionally have branch points,
and so it might look more like a tree almost, with side pieces going off. That’s
important because it will affect the way the molecules compact together. If they’re all
straight lines, then it’s very easy for them to make crystals. And polyethylene very
easily makes crystals locally. If it makes crystals, it gives it, the material, different
property, because the crystals are like little hard lumps, they’re holding the molecules
together, they can’t move in the same way that they would otherwise. If you put a lot
of branches in, you can’t make the crystals, you – if you think about it, it’s easier to
do with a pencil and paper, you can’t actually pack the molecules together to make a
regular structure. So highly branched polyethylene has different properties than
highly linear polyethylene, some of them are exploited in practical applications. I
mentioned the fact that if you get polythene bags, some of them are very soft and
flexible, those tend to be ones that are made with branch polyethylene because it can’t
make crystals, it can’t give you hard pieces. Some polythene bags you get, some of
the classy ones, if you think about it, actually make crackling noises when you move
them around, they’re quite stiff. Those are ones in which there are quite a lot of
crystalline material, so it gives a different set of properties. So we’ve talked about
branching. The one other thing I should mention is what is called copolymers, so two
types of polymer together. Now, some of them are what they call regulars
copolymers, they’re a block of polymers. So supposing I grow polyethylene halfway,
and then I switched my source of chemicals, and I said, right, the other half of the
chain is going to be polypropylene. So I’ve got polyethylene [de-de-de], up until
some hundreds of thousands, and then the other half of the chain is all polypropylene.
The polypropylene and the polyethylene will not mix with each other, they don’t like
each other at all. So when it forms a material, it has to form a material with chunks of
polyethylene and chunks of polypropylene, and that gives very different material
properties than if it was all polyethylene or if it was all polypropylene, or if it was an
attempted mixture of the two. Because of course I control the spatial structure of
these lumps by how long I make the blocks. And just to continue that, I could make
triblocks, four blocks, five blocks, I could make really complicated structures.
Equally you could make a copolymer by just saying, well I’ll have a polyethylene,
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then a polypropylene, then a polyethylene – sorry, an ethylene, then a propylene, then
an ethylene, then a propylene. If they were really regularly arranged like that, that
would be an alternating copolymer. You can imagine, because it goes ethylene,
propylene, ethylene, propylene. I could however have them sort of picking each other
up randomly, so I could have a random copolymer, so I’d have two or three ethylenes,
and then a polypropylene, then a propylene, and then so forth. Every time you do
this, although the chemical building block is still some of the simple ones we talked
about, produce different material properties. I think that might be enough to say what
I’ve talked about. I think the key terminology is backbone, side group, and then
structure of the molecule which determines the material properties.

[09:28]

Something else I was wondering, when you said crystals, could you expand on that a
little bit, in what sense crystal?

Well a crystal, if you took the simplest crystal of, I don’t know, as in jewellery, or in
rings, or in, sorry, or in ice or anything else. A crystal is a structure where the pieces,
the molecules, are arranged on an absolutely regular pattern, so they make layers, and
the layers are stacked regularly with each other. So a crystal, if you looked at it would
like a brick wall or something, where all the pieces are arranged regularly. Its
properties are very different from something which is – has no pattern, which is called
amorphous, like a powder. But a crystal then, what will it do? Well it will – it will
scatter radiation in a very special way, so it will make diffraction patterns. If I put my
ring with diamonds in it in a strong light source, you will see little spots of light all
around the room, they are being diffracted, they’re being scattered in special ways by
the crystal structure of the, in this case, diamond in the ring. So a crystal has a regular
arrangement, and if you shine radiation onto it, it will give you a regular pattern of the
scattering. So if we take the polyethylene, now the polyethylene molecules to make
crystals, you will not find a single polyethylene molecule a 1,000, 10,000 units long
lined up to the next one, the next one, and the next one, that’s impossible – almost
impossible to imagine. People have imagined it and tried to do it, because it will
produce a very interesting and strong material, but it’s very difficult to do. What
actually happens is, you’ve got a jumble of molecules, and the pieces that can near
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each other get themselves lined up parallel. So I’ve got a lot of different polyethylene
molecules and locally pieces that can line up and form a regular structure. So if I
looked at it, that little piece would look just like a crystal of a diamond or anything
else. But it would have trains of bits of polyethylene, if it’s polyethylene that I’m
crystallising, coming off it that aren’t in a crystal, because they couldn’t find a
neighbour to pack with properly, and those will trail off somewhere and they’ll find –
you’ll find another region where they’re stacked together. So what you actually find
is a mass of molecules with unorganised pieces, so-called amorphous pieces, and then
embedded in it organised pieces, crystalline pieces. Now those crystalline pieces act,
if you like, like a knot or a piece of glue or something, they’re holding the molecules
in position, they can’t move anywhere. If I melt above the crystal point, melting
point, so that everything is amorphous, then the molecule can move, I can squeeze it, I
can stretch it into a film, I can make it into things. Below the melting point of those
crystals, the polymer can’t go anywhere because it’s tied down by those crystalline
points. So that’s why crystallinity in the molecules is so important, it determines the
material property. Just one other piece about polymers which I ought to mention is if
you go low enough in temperature, even if the molecule can’t crystallise, it wouldn’t
be able to crystalline if, as I pointed out, you had a lot of branch points, wouldn’t be
able to crystallise if it was a random copolymer, because the pieces wouldn’t line up
properly. But eventually it will go solid, it will become a glass, and the temperature at
which it becomes a glass is called the glass transition temperature, and for
polyethylene that is very low. So the amorphous material between the crystals at
room temperature is always flexible, it’s not glassy, but if you go down low enough
you would make it glassy. A well known polymer that – or two well known
polymers, if you think of Perspex, or if you think of polystyrene, which we’ve just
been using in cups and for our cup of tea. Polystyrene is a glass at 100 degrees
centigrade, so below that at room temperature it’s glassy. If it’s slightly flexible, it’s
because people have added things to it to make it flexible, but essentially it’s a glass.
And if you take it above 100, it softens. If you’ve ever had the misfortune to put a
polystyrene container on a hot plate, you will know that it melts and flows
everywhere. Perspex, which is used as – often used as plexi-glass, is used as a glass
replacement, it’s fine, but you can’t use it at high temperatures. So if you left
something in the sunshine, people can’t – you can’t use it in, for example, in
automobiles in parts of the States, because the temperature goes too high, and it
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softens. So you have to use other polymers which have higher glass transition
temperatures so they stay glassy at the temperature you want them. Sorry, I forgot
that when we were talking about the definitions a moment ago.

[14:45]

There is a question that occurs to me, just wondering if you can situate your own
work a little bit, neutron scattering in polymers. And I was wondering which way it
works round; do you create a polymer and then you want to analyse it on that sort of
molecular level, and then, you know, what does it do, how does it behave, and then
find a use for it? Or are you actually – do you want to understand the polymer so you
can design a polymer for a certain use? Which way round does it go?

It’s much more the second. I don’t think anybody’s – that’s not entirely true. Largely
speaking most of the use for polymers were found by the chemists playing around, the
chemists finding routes to make things, and then saying, and what are the properties?
And then as physical scientists coming along and saying, well let’s see if we can
understand those properties, because then you might tweak the way you make them.
For example, this understanding of how branching and copolymers change the
properties, people knew it empirically because they had done various things to the
synthesis, but until we, the physical scientists, had looked closely at the structure and
said, the reason it’s doing this is because it’s like that, then they don’t know a
systematic way necessarily of improving the properties. So that’s really the way – I
would say I have never been responsible for somebody designing a new polymer, but
I have been responsible for them understanding what they’ve made, and therefore
being able to improve it next go round.

I was wondering if we could move on a little bit to the historical background to
neutron scattering as well, and possibly with just starting off with the finding, what is
a neutron?

[16:28]
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[Laughs] Well, you have to talk about atoms, most of us I think know that atoms are
the building blocks of nature, and there are about 250 of them. I never know exactly
where the – I can’t remember the periodic table, but there are a limited number of
basic building blocks starting with the smallest, which is hydrogen, and finishing up
with the great big ones like uranium and plutonium. Each one of them has a core,
which is called the nucleus, and a shell, which is lots of electrons. In some pictures
they’re buzzing around the nucleus in this simplest way of visualising it, although
modern quantum mechanics has a very different picture, but we’re not doing quantum
mechanics at the moment. So if you think of a core, which is very small, and a halo
of electrons going round it. Now the core, the number of electrons is determined by
the number of protons in the core. So the periodic table simply lists the atoms in
increasing value of the number of protons, which are positive charges in the core, in
the nucleus, and therefore the number of electrons, which are negative charges,
buzzing around the outside. And as I say, the simplest possible one is hydrogen, and
hydrogen has one proton, one positive charge, and one electron, and that’s it. The
next one is helium, which has two protons and two electrons, and so we go on all the
way up the periodic table. But as you go up the periodic table, what you find is as
well as protons in the centre, there are neutrons, and neutrons, the word comes from
neutral, the same word, they do not have charge. So they don’t change the number of
electrons going around, because the electrons are only related to the amount of
positive charge, but they do change the weight of the nucleus, and hence of the atom.
And the first one you can meet, which has a neutron in it, is deuterium, which is
called heavy hydrogen, so it’s the same as hydrogen, it has a proton, it has an electron,
but it also has a neutron in the core, in the nucleus. Just in passing, there is a third one
called tritium, which has two neutrons and so forth, but let’s just stick with deuterium.
So when we come to talk about how we use neutron scattering on polymers, that
deuterium is going to be hugely important. So carry forward the fact that deuterium is
the same as hydrogen with a neutron in the middle. Okay, so when you go up to the
high end of the periodic table, the very heavy nucleus, eventually you get to the
radioactive nuclei, and what they’re doing is simply their core has got so big, they
break up. But the interesting thing is that they’ve got a lot of extra neutrons, so not
just as many as there were protons, but even more. So at the bottom end of the
periodic table, an atom will have a core with some neutrons and protons, and
generally speaking a sort of similar number of neutrons to protons in the core. By the
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time you get to uranium, there are a lot of spare neutrons. So if you break up a
uranium nucleus, as happens in radioactivity, to make smaller nuclei, lighter atoms,
what you’ve got is some spare neutrons. They don’t fit into the atoms you’re making,
and therefore that’s the basis of the chain reaction that you get uncontrolled in a
bomb, or controlled in a nuclear reactor, those neutrons are spare, so they go off and
hit another uranium nucleus, cause it to break up, and so forth. And if you control it
carefully you’ve got a reactor.

[20:25]

So that’s where the neutrons come from. And they – well Chadwick discovered the
neutrons in about the 1930s as I recall, I think they’d been predicted theoretically but
he actually discovered them. Not so easy because if it’s a neutral particle, how do you
know it’s there? You’ve got to find a way of detecting the fact that it’s there, and we
won’t go into that, because I can’t remember how he did it. Then during – of course
there was the Manhattan Project, the whole idea of using chain reactions to make
bombs. But simultaneously of course the physicists realised that if you controlled it,
you could have a source of power, because when these nuclei break up, not only do
they release neutrons that can sustain the chain reaction, they release a lot of energy.
So if you take – you know that in a bomb, I mean they release a huge amount of
energy, if you can control the energy, you’ve got a power source. And so people
started thinking about building reactors as a source of nuclear power during I think the
war, and certainly very soon after it. And the key of course to having a good power
source is to make sure you keep every spare neutron, and all the energy, and you use
all the energy that’s coming out of these radioactive events. Simultaneously with this,
physicists realised this was an interesting particle, it would be very interesting to do
experiments with it, because it’s a radiation, all particles act like waves, they’re all
radiation, but it’s a very heavy particle relative to a photon, which is what light, Xrays, etc. And therefore it will have a different way of interacting with material. It’s
also neutral, so it goes right through and bounces – if you shine it onto material, it
goes right into the material and bounces off the nucleus. Whereas if you shine X-rays
onto material, they immediately are scattered by the electrons. So you can’t get very
deep into a material with X-rays, or dense material, a metal for example, you can with
neutrons. So people began to realise that the neutron looks as though it was an
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interesting source of experimental techniques investigating material. Problem was
how do you get enough of them? Just to back off, if you think of Dorothy Hodgkin
doing her X-ray experiments on proteins and things in the ‘30s, ‘40s, she had a bench
top source of X-rays, okay. And you could design that, what you did was you
bombarded certain metals with electrons, and the electrons nudged other electrons
inside the metal, and when those electrons moved, they gave off X-rays. So you can
have a tabletop source of X-rays. The trouble was neutrons from any contained chain
reaction, there weren’t very many of them, and there was certainly no way of
designing something you could have in the lab, you were going to have to build a
nuclear reactor in order to have your neutrons, have enough of them. And I would
just say in passing that even with the reactors that were built then, and even with the
best reactors now, we’re talking orders of magnitude, tens and tens and tens of times
less neutrons than you can get out of a fairly conventional X-ray source. So you’re
always struggling to get enough signal, to have enough of them to do the experiments.
Now that’s coloured the whole development of neutron scattering as a technique, it
depended on building a rich enough source of the neutrons and building apparatus that
could detect them in enough numbers. So it was quite complicated electronics to
build the detectors to do it.

[24:27]

So it was sequence I suppose of leapfrogging ideas, okay, we could do this, now if we
could improve the detector we’ll be able to do this, and so forth. And some of the
techniques that are used nowadays logically you would have liked to use them fifty
years ago looking at the basic structure of the polymers, but the techniques were
impossible. So I mentioned the first experiments I did with quasi elastic scattering,
which was looking at how polymer molecules move, actually that’s not where you
would have started logically at all, but the apparatus was some of the first that was
able to be built. So that’s what a neutron is, and we’ve now touched on the fact that
you need a reactor to get them from. I think it’s perhaps worth mentioning now that
these days not all neutron sources are reactors, that you can imagine has great
advantages because you remove all the security problems of running a nuclear reactor,
they are what are called pulsed neutron sources or spallation neutron sources, and I
will explain that word spallation in a moment. They’re much more like the sort of
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apparatus you see at CERN in Switzerland where people accelerate particles to very
high speeds and throw them at each other. And then doing it at the moment with the
large hadron collider, and trying to detect the Higgs boson, among other things. But
what you do is you accelerate protons, generally speaking protons are the best thing to
do, in a ring to enormous speeds, close to the speed of light, and when they’re fast
enough you hurl them into a target which is a heavy metal, and probably uranium, but
doesn’t have to be uranium. As I said they’re neutral, so they go through all the
electrons, they hit the nuclei, and when they hit the nuclei, they don’t break it up into
complete pieces so it’s not a radioactive reaction, what it does is it chips off a few
spare neutrons. The term spallation is a term in rock mechanics, and quarrying and so
forth, and it means chipping its of stone off. So the protons, when they get – I’m
sorry, I said they were neutral, of course they’re not, but they’re going so fast they go
straight through and hit the nucleus. Once they hit the nucleus, they chip off spare
neutrons. So you don’t have a – you don’t have a chain reaction going on there, you
simply have lots of energetic particles bashing the nuclei and chipping off spare
neutrons. Of course the great advantage of this is somebody pulls the plug, it stops,
you don’t have a radioactive core, you don’t have a melt down, you don’t have fires,
you don’t have all those things. The converse it’s very, very high powered nuclear
engineering, you’ve got to build these rings, you’ve got to accelerate the protons,
you’ve got to control them, and all the other things. It’s beautiful engineering, and
it’s very similar to the engineering you’d see if you went to CERN and looked at the
large hadron collider, except the large hadron collider is kilometres across, and the
typical spallation neutron source is probably 500 metres across. But it’s quite big,
they’re not trivial size things.

[27:42]

You’ve walked a bit about, you know, the source of the neutrons, and what the
neutron is itself? So you’ve got your neutron, you’re shooting them off from your
reactor or spallation source, what are you doing with them then?

Well the idea is to bounce them off the nuclei in materials, to use them to do material
science. Why? I have already mentioned, they fill a different niche in the relationship
between their mass and their energy compared to X-rays and other light, well even
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electrons, but other pieces of light, so X-rays or infrared or visible light. And that
means that when you – what you explore when you do the experiment is a different
niche in the relationship between the spatial area you’re exploring, how – what’s the
molecule doing, how’s it organised in space, or how is it moving in space? And its
energy, how fast is it doing it. So if I – it’s a bit like can I do slow motion
photography, for example, and see something that’s moving incredibly fast? If I
actually have something that’s streaking across a region of space, I want something
that’s able to see how far it’s gone, and measure the energy it’s got while it’s doing it.
If I’ve got something that’s moving rather more slowly, and they want to explore a
different region of space, then I want to measure a different energy that it’s got. And
the neutron allows this exploration of rather slower more bumbling things, if I can say
it, which is specifically in my case polymer molecules. They’re not streaking around
the place, they tend to be moving quite slowly, but they are distributed in space. So
that’s not to say that you could not use neutrons to look at things that are happening
quite fast, but that happens not to be what I’m looking at. But it was this relationship
between the area of the space you might want to look at, because of the things, how
it’s organised in space, or – and how far it’s moving, and how fast it’s doing it, if you
want to measure the energy. That’s why the scientists originally began to see that
they would like to do experiments with neutrons.

[30:01]

Now the first thing they had to take account of is what was coming out of the nuclear
reactor wasn’t all the neutrons with a lovely well defined energy, it was a cloud of
neutrons, they could be directionally organised. Because you probably put your beam
ports going in certain directions, so you knew which direction they were coming, but
you did not know what energy they were going to have. The energy was determined
simply by the temperature of what’s called the moderator. Inside the reactor there is
something that slows the neutrons down after each nuclear event, because actually
you want them going slow enough, you don’t want them shooting straight out of the
wall of the reactor, you want them going slow enough so that they hit another nucleus
and so forth. And the moderator slows them down, the temperature of the moderator
determines the range of energy that’s going to come out. Just as, for example, if you
took a lump of metal, if it’s white hot, you get white light, it then goes red hot, and
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then if you go – it stops being visible, but it’s still radiating, you can feel the heat
coming from it. So the temperature of the moderator simply determined how fast the
neutrons were going when they came out. But there was still a range of them, they
did not have a single energy. And the first – the very first instruments that were built
chose to use crystals, you recall that I said to you that if I shine light onto my ring,
you see spots of light around the room. And where the spots are is determined by the
structure of the diamond in the ring, and also by the wavelength of the light. So
exactly where the spot will turn up will determine – will depend on the wavelength of
the light. And actually quite often you can see a rainbow effect if you look closely, so
the different wavelengths of light are being split up. So they took crystals, they took –
they shone the neutrons coming out of the reactor onto a crystal and depending in
where they looked relative to the crystal structure, they would have neutrons on a
particular wavelength. And I haven’t yet pointed out that the wavelength of a neutron
is directly determined by its speed, and therefore by its energy. There is a very, very
famous relationship in particle physics called de Broglie relationship, and that says the
wavelength of any small particle that’s going to act as a wave, so an electron or a
proton or anything that’s going to act as a wave, the wavelength is equal to planks
constant, H, very famous constant, divided by the mass times the velocity, MV. So H
over MV tells you the wavelength. So the heavier the mass, okay, the shorter the
wavelength, and the faster the velocity, the shorter the wavelength. So by choosing –
so the wavelength scattered by the crystal, diffracted by the crystal, because it’s a
crystal, determine the energy that we’re looking at. So they could pick a particular
energy of neutrons, and the very first experiments that were done were done this way,
and they were done with crystals to pick an energy, then a sample, which scattered the
radiation. Then they wanted to know what the energy was coming off that sample,
they had another crystal to analyse it. And all these crystals had to rotate in order to
pick the energy, and to analyse the energy. The instrument was called a triple access
machine, and it looked like that, you could see it was pieces that rotated. It’s a bit like
a planetary system with the first crystal rotating around the reactor, the second crystal,
the second axis was the sample, which had to rotate to pick a particular wavelength,
and the third axis as the really complicated thing. And they were difficult to build,
they were difficult engineering, and the scientist who used them, the physicists, and
they thought they were wondering machines, and they used them to – specifically to
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look at the motion inside crystals. They were looking at vibrations in crystals, and the
relationship to the crystals structure. Those were the sort of elite machines.

[34:20]

The second way, and the sort of more rough and ready way you can use to pick an
energy is to select for the speed. So if you imagine the neutrons are shooting off, if
you open a gate, so you open and shut a gate close to the reactor, every time it opens
there’s a burst of neutrons go through. If a metre or so down the line you have a
second gate, depending on when you open it relative to the first gate, you can pick a
particular speed off. And that’s – so what they call – what they call, the machine was
called a twin chopper machine, can you imagine. So you have to chop the beam into a
pulse, the neutrons spread out as it travelled to the second one, the second chopper
just picks out a particular speed. And you could determine the resolution by how fast
you span them and how far apart they were.

Sort of like a funnelling process really then?

Well except your – it’s more – if you wanted – I’m trying to think. You’re picking
out a particular speed as it goes past, almost by doing sequential photography. So it’s
not funnelling in space, it’s funnelling in time, it’s picking out in time. So open gate
one, a lot – you let a whole burst of runners through, by the time they get to gate two,
you can say, you could open the gate for the fastest runner, but you could actually say
I want to pick out the runner with the average speed. So you could open the gate and
pick out the middle runner, and find out how long he had taken to go between the two
gates. So that’s choosing a velocity. And the simplest way is twin choppers, but you
can actually elaborate on that. Supposing now instead of just two choppers, you could
– you built a cylinder with a helical slot running right through it, and then you rotate
the cylinder. Imagine – so you’ve got a line you want to shine through the cylinder,
or you want to shoot through the cylinder, you want to shoot a bullet through the
cylinder. If you rotated that cylinder at just the right speed, your bullet would find
that helix in the right point all the way through the cylinder. So that’s called a
velocity selector and that’s frequently used for a rough and ready choice of the
energy, and hence the wavelength of the neutrons.
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Sounds wonderfully mechanically complex, who were the people building these
things?

Well they are nuclear engineers, they tend to be – if you go to the reactors, or you
could go to the sources, of you went to CERN for that matter, you find extremely high
powered engineers building these sorts of kit. They’re not trivial to build, and they’re
mechanically difficult, they’ve got to run properly. If you’re using two choppers,
they’ve got to be phased correctly to just get exactly what you want, they’ve got to
run smoothly, etc. It’s engineering. Not us physical chemists building it [both laugh].

[37:24]

So the neutrons are flying out at a certain speed.

Yeah. Which means a certain wavelength may I say. So if you were thinking of – I
think it’s important to put that in, because that’s the thing that gives you this spatial
idea is the wavelength, and the energy is what determines the energy. So that speed
both determines the wavelength and the energy, yeah.

And they’ve hit your sample of the polymer?

Yes.

What do you find out from that?

Depends what experiment you set up. We set up, we mentioned in a previous
interview, doing what was called inelastic scattering, so we’re bouncing the neutrons
off the polymers in a chunk, and some of the neutrons would pick up some energy
from things that were going on in the polymer. And what we were particularly
interested in was the fact that these were polymers with side groups, methyl side
groups, and we wanted to know how those side groups were rattling around, because
they don’t just sit there still, they’re moving. And so we did experiments, rather
simple experiments just looking for a change in energy of the neutron as it came out,
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compared to when it went in. And then that told us how much energy it could have
picked up from the sample, and there were particular motions in the sample, so they
would give you spikes in energy. How did we measure the change? Well we chose a
wavelength, a speed going in, and because we were pulsing the machine, the neutrons
hit the polymer at a certain time. So be a sequence of start gates if you like, but after
each start gate the neutron would hit the sample, and we had a detector a metre or two
away and we timed the time the neutron got – took to get to the detector. So it was
called a time of flight machine. So we selected the velocity by how fast we were
rotating the choppers, the phase – when we opened the gates, we measured the final
energy by how long it took the neutron to cover the measured flight path through the
detector, and that’s how we did those experiments. And those are actually relatively
simple experiments to do.

[39:42]

What we subsequently, what people had been wanting to do for some time was to use
a technique called small angle scattering, which people conceptually knew what it
would do, it’s not difficult, but it wasn’t possible because people didn’t have detectors
good enough to do the experiments. And I now have to explain. Small angle
scattering is the simplest possible experiment you can do, you shine a given
wavelength onto the sample, and you just look at the pattern of the scattered radiation
in space. You don’t care about whether it’s changed its speed, all you want to know is
what’s its pattern in space. And that pattern in space, if it were a crystal we’ve
already mentioned the fact there will be special spots and that will tell us about this
crystal structure. But if it’s not a crystal, there’s still a pattern which comes from the
size of the objects doing the scattering. And I think the analogy is sometimes if you
look at a source of light, and I think it works with the moon sometimes, you see a halo
around it. That halo is coming from the light reaching your eyes, which has been
scattered by particles in the air, and drops of moisture perhaps. I think it’s often on
the sort of night where you get fine drops of moisture in the atmosphere. The size of
the ring, how far it is from the – outwards from the centre point of the light, so if you
looked at the moon and said how far out is the ring, depends on the size of the
particles doing the scattering. If they’re big particles, the ring collapses in towards the
moon, if they’re little particles, it moves out from the moon. And you can see the
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same thing sometimes on a windscreen or something, you can sometimes see a halo
around light sources. It’s all to do with scattering by the particles, as I say, it’s
extremely simple, the size of the particles tells you the size of the ring. It’s an inverse
relationship, big ring, small particles, depending on the wavelength. So if you did the
experiment with a different wavelength, the ring would be in a slightly – would also
shift. But if you took just one wavelength. So people wanted to know, they wanted to
do such an experiment with neutrons on polymeric materials for very good reasons,
which I’ll come to in a minute. But how would you set it up? Well you’d put a
selector, a velocity selector, and get a single wavelength. You’d put a sample in the
beam, and then you detect the scattered radiation. Sounds terribly simple.

[42:26]

But first of we haven’t said anything about how you detect a neutron, which ain’t
trivial, because they’re neutral. Now the way they were done originally was in a gas
filled detector, so what you did was the neutron going through the gas would
essentially cause some nuclei to break up, some charge particles would come off, and
you’d have a wire down the middle, and the wire would detect the charge particles,
boron trifluoride was one of the detectors, or recently they’re largely helium detectors,
but they’re a gas in a tube with a wire down the middle. So all right, you take one of
those, and you detect where the neutrons are going to. Now I said to you there was a
ring, but actually you can only put one of these detectors in one place, so let’s say you
wanted to detect the size of that ring, it’s not a very weak – it’s not a very strong
scattering pattern, it takes you a very, very, very long time. What you actually want is
a photographic plate, or the equivalent of a photographic plate, so you can see the
whole ring. But there was no equivalent for the neutrons. And the big technically
breakthrough which occurred about the time that I was working in Grenoble, so the
early ‘70s, was to build what are called area detectors. So the equivalent of your
photograph plate that you would use to do your X-ray diffraction or whatever. And
what they did, they built things approximately a metre square, so they’re big, you
want to cover as much space as possible, and in that they had to build a thin walled
flat glass gas filled plate. So can you imagine, a sandwich with glass walls, and gas
between the two, now that’s not trivial, if you think of the pressures. In fact what they
had to do was a build a sort of double walled thing, and when they filled the gas in the
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middle, they also filled gas on the outside to balance the pressure on the inside. So it
was a sort of triple-decker sandwich. And then what they did was they made two
grids of wires, one going vertically, and one going horizontally. When the neutron hit
something, and a burst of shallow of particles came off, you will get a signal in one
vertical wire, and one horizontal wire, and you’ve immediately got a – a geometry of
precisely where that neutron landed on the area of the detector. So the building of the
detector was by no means trivial, the electronics to count all these was by no means
trivial, but once you had these you could increase by orders of magnitude how fast
you could do a small angle experiment, because you could have the whole ring at the
same time, rather than one point in it. So that was the crucial breakthrough was to
build those area detectors.

Who actually built them?

They were a couple of films – of firms. There was a firm in the States, but whether
they were doing it at the beginning. The Oak Ridge National Laboratory certainly
built some detectors. There was a firm in France called LETI, and LETI is obviously
an acronym, but I can’t tell you what it was. But it was a very specialised activity as
you can imagine. And – but it’s what made small angle scattering with neutrons
possible, without that it would have been so slow you couldn’t have done the
experiments. Once you had that –

[46:04]

The other thing perhaps I should mention is you wanted to be able to look at different
angles, and you wanted to be able to look at this ring in different conditions. The way
it was done was the neutrons came out of the reactor, and they actually went through a
guide tube, I think we mentioned those guide tubes earlier. They’re like light pipes,
they reflect the neutrons inside, so essentially they carried the neutrons a distance,
without letting them disperse in space. So that brought it out through the reactor, then
the next thing would be a velocity selector, you want a particular wavelength, you
want to choose a wavelength through your experiments. And then you have some
distance and the sample, and then you have some distance and the detector. Now just
think about it, the moment the neutrons are let loose to hit the sample, they’re
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diverging in space, you’ve got a point source and they’re diverging. If the ring that I
wanted to see was rather small compared to that divergence that they naturally had, I
wouldn’t detect it against the background. So I have to make sure that the amount of
divergence before you hit the sample is really quite small, i.e., I have to make my
light spot very small. And the way they did that was simply to move the sample a
long way away from the detectors so that they made it look smaller and smaller. And
then the detector, in order to see rings quite close in, was put further and further away,
yes, so that you were looking more and more near the centre, instead of looking at the
– to the actual apparatus was eighty metres long from the velocity selector. And I
give you an idea, this is what we were engineering in space, so it was big. It wasn’t
complicated but it was big.

[48:01]

Now what we haven’t said is why people were so keen to do this. So we come back
to polymer molecules, and I said to you they form a tangled mass, they might
crystallise but the big question was, let’s just take the melt state, and say, what do they
do in that melt state? Well you can calculate, you can model what is a single polymer
molecule would do using statistical mechanics, statistical thermodynamics. What you
say – and a guy called Flory did this to start with, the polymer molecule is lots of
pieces joined together, identical pieces. Let’s suppose that each piece joins onto the
next piece with an absolute free rotation, so there’s nothing, it’s not hinges,
completely like a ball and socket joint. And then say, all right, so I’ll take one piece
and put it down on the table, and say, well where’s the next piece going? Well it
could go anywhere, right, there’s absolutely no control over where it goes, so
completely random. And then you take the next piece, and that could go completely
randomly. If you go on long enough, statistics will tell you the likelihood of where
you’ll finish up with all those steps. It’s a well known problem in physics, it’s called
the random walk, or the drunkard’s walk, you can see why it’s drunk, because there’s
no control over where you go next. And if you do that for a very long polymer
molecule, what it tells you is statistically the distance between where you start and
where you finish, is determined by the square root of the number of steps you’ve
taken. Simply multiply them by the length of the step. So there’s a precise
mathematical – as long as the molecule is long enough, and as long as you’ve got no
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restrictions on where it goes. So that was well known and that was actually pretty
well demonstrated looking at polymer molecules, you can’t look at a gaseous polymer
molecule, it won’t form a gas, but you can look at it floating around in a liquid, and
people did light scattering experiments, and you could see that that was partly true.
The question was, what will happen if you put a lot together, won’t they get in the
way of each other? Won’t they want to stretch out? Won’t they want to line up?
There were all sorts of arguments around about what they would do. Flory said they
will still be random walks, and the fact that they’re trying to get away from each other
will be wiped out by the fact that as fast as they try to get away from this polymer,
they’re hitting that polymer, so it will simply average out. So he said it will be a
random walk. Violent arguments in the literature, because nobody could do an
experiment to determine. The experiment you needed to do was to have a set of
molecules of different molecular weight, so different N, measure the size beginning to
end, and plot the size against the square root of the number of pieces, and if it came
out as a straight line, that was the random walk demonstrated, and if it didn’t, it
didn’t. But you couldn’t measure the size. Neutron scattering started to offer people
the potential for doing that. And the tip, the important thing is how do you distinguish
one molecule from another in these awful mess that I’ve given you, sort of tangled
spaghetti. And this if I can take you back to earlier in this discussion, deuterium is the
key. Deuterium is chemically exactly the same as hydrogen, it has one electron and
one proton, but it has this extra neutron sitting in the nucleus. Now as far as X-ray
experiments are concerned, you wouldn’t know you’d got deuterium there instead of
hydrogen because the X-rays see the electrons. However, if you throw a neutron in,
and a neutron sure as hell knows you’ve got something different, because it’s got a
heavy nucleus there. So as far as a neutron is concerned, you might as well have
painted the deuterium atom red, so if somebody makes – or it just looks completely
different from the hydrogen atom. So if you can make your polymer where all the
hydrogens have been replaced with deuteriums, it’s just as though you’ve painted that
molecule a different colour from all the other molecules. So what we had to do, and
this is what I did with the French group, the French group had the chemists. They had
to make the polymer with deuterium where the hydrogen was, had to make them
carefully so that we had different sized ones, and then we mixed those deuterated ones
with ordinary hydrogenous ones, essentially to make a dilute solution. It turns out,
just in parentheses, we needn’t have bothered about the dilute solution, there’s a very
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clever trick in there. But never mind, we made a dilute solution and in Grenoble
using this first small angle scattering machine, I’ve mentioned it’s rather boring name
before, D11, eighty metres long. We actually measured the size of the molecules as a
function of their molecular weight, therefore as a function of this N, the number of
steps, and a perfect square relationship was there between the size of the molecule,
and the molecule weight. Demonstrate that Flory was correct. So that was published
in Nature in about 1973, or so.

[53:28]

We were not – there were others doing experiments, we did the experiments on
polystyrene. Now why polystyrene? Because it’s an easy molecule to control the
size, and it’s a relatively easy molecule to put the deuterium in. Others were doing
similar experiments on polyethylene, and on polymethylmethacrylate, two German
groups, and essentially the results all coincided. They gave the same answer. There
are small complications to that, but basically that was an absolutely key experiment.
Because what you might say is well then you’ve done that, why would you want to do
it again? And why would small angle scattering go on being important? But there
were all sorts of questions about the organisation of the molecules, what happens if
you put branches in, what happens if you use block copolymers, what happens if you
mix one polymer with another polymer. You can think of all complications.
Essentially it’s a way of seeing the size of the molecule mixed up with other
molecules, the same as it.

[54:30]

I was wondering if you could just give me an idea, you mentioned this publication in
Nature as confirmation of Flory’s idea, how important is that overall in the world of
material science, polymer science?

Well it’s – it’s difficult to say now because the arguments would have gone on until
somebody found some experiment in order to get that correct. What it did was it drew
a line under a piece of work, and said, right the theory was correct, now we can go on
from that using that theory to continue to explain other things. You know, if there
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was a big question mark about the shape of the molecule, then a lot of things built on
the shape of a molecule, for example, things to do with how it might move in space,
the rheology, those have an uncertain foundation. So it was a single final drawing the
line, it wasn’t a surprise to a lot of people, they thought Flory was likely to be right,
but nonetheless it stopped a lot of argument and meant that you then went on building
on that foundation. So it was an important step, clear important step, and then
everybody moves on and does other things. I suppose it’s a bit like if they find the
Higgs boson, you know, it will be important because it will say these theories are
correct. If they say the Higgs boson is not there, then they’re talking about the large
hadron collider, then you know, they’ll find another theory. And in twenty years time
people will say, well yes that was a key point, because they discovered that, but
they’ll have moved on and they’ll be doing other things.

Talking about this as a key point, at the time was there any sort of sense of personal
satisfaction, eureka moment, anything of that kind?

For me not so much, the interesting thing – it’s more with hindsight because I had not
grown up a polymer scientist. I had grown up as a physicist and I came to polymers
sort of indirectly. I’d done scattering from small molecules, I then did the quasi
elastic scattering, and I was very interested in the way the polymer molecules were
moving. But I hadn’t been brought up on this basic question of what shape and size is
this molecule. So it sort of seemed obvious to me, so yes, it was a great time to be
there, they were lovely group to work with, the French group I was working with. But
in a sense, I don’t think I got quite the Eureka experience. As I did later on when I
did some experiments I always wanted to do on the way the polymer molecules move.
When I really did, this was absolutely, the data show exactly what we think they
should, and that’s a different experiment later on. But this time I think because of my
education, I hadn’t realised what an important question it was till we’d answered it.

Was anything said to you at the time?

Oh, yes, I mean it was fairly clear. I remember Henri Benoit, who was the leader of
the group in Strasbourg who were driving the chemistry of this. And just to say there
were two groups, there was a group in Saclay, the French reactor, who’d been
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attempted to do these experiments on their reactor, but they didn’t have an area
detector, so didn’t have a cat in hells chance of getting enough signal. As soon as
Grenoble came along, they knew that was the way to do the experiments. And they’d
been working with the Strasbourg group, so the two groups. So you’ve got the
chemists, physical chemists in Strasbourg, who could make the molecules, who knew
the chemistry, who knew the polymer question. You’ve got the people at Saclay who
were neutron scatterers who knew how to do the experiment. And I came in the
middle as the sort of – I was a bit like the quark going between the two, I was a
neutron scatterer who knew a bit of both sides, and that’s how I got involved in this.
Sorry, I’ve forgotten the question you asked that I digressed into all of that.

I was wondering in fact the moment at which it all came together.

Sorry, Benoit remarked, very early on in this, he said there will not be a book
published about polymers or a journal coming out which doesn’t mention small angle
neutron scattering. So he was – it was a hugely important point, and it’s true, if you
look in text books now, always those experiments are the key experiments. Now of
course there were all sorts of subtleties, say you’ve answered the experiment and then
you say well exactly this, and exactly that, but there’s quite a lot of development
afterwards.

[58:57]

I was wondering if we could put this in a sort of timeline. We’ve mentioned other
forms of scattering along the way and the things that, you know, they allowed you to
do at the time, incoherent scattering, quasi elastic scattering. If you could just sort of
move from one to the other explaining what you get at each stage, just very briefly
how one is an advance on each. I'm sounding like a horrible Whig here, but you
know, it’s [laughs] ….

It’s tricky because if you were doing things logically, given the whole panoply of
equipment you’ve got now, you’d start by doing a diffraction experiment, or a small
angle experiment, and say things about size and shape. You might then go on and do
an inelastic experiment, looking at vibrations of the side groups. You probably
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wouldn’t use neutrons except in very special circumstances. You do most of those
experiments with infrared spectroscopy, which is perfectly satisfactory until you want
to look at the movement of certain bits of the molecule, which you can’t pick out with
infrared. So you would use it rather specifically. Then you would – then you would
progress to doing what I called quasi elastic scattering, looking for very small motion
which is essentially coming from the wriggling of the molecules. And that – for that
you would use high resolution quasi elastic scattering, so you’d use experiment where
you measure changes in energy with very high precision.

[1:00:25]

Or you would use something, which we haven’t even talked about yet, called the spin
echo technique. Now let me see if I can get over spin echo, because it was a very,
very clever way of measuring very small energies. I think I mentioned to you before
the difficulty of measuring small energy changes, which – or what you get if you’ve
got very slow moving molecules, is that you’ve got to precisely define first energy, so
you lose most of your neutrons in defining it. Then you’ve got to precisely measure
the final energy, so you lose a lot more neutrons in being very high. So by the time
you’ve finished, you haven’t got many left. The first trick was the back scattering
machine where actually they didn’t ever measure the first and last energy, they only
measured a change in the energy. What they did was they set up a crystal to produce a
particular wavelength, then had a sample, and then had a second crystal arranged in
exactly the same as the first one which would only give – which would only scatter
the radiation if it had exactly the right wavelength. And then they drove the first
crystal backwards and forwards, so thereby batting the neutrons out with slightly
different energy, so you was scanning the energy that way. And then by looking at
the other end only when the neutron had lost or gained the sample, what it had been
given at the original crystal, would it land up in the right place for the second crystal.
So you never measured the first and final energy, all you did was you changed the
energy of the neutrons, and you arranged it so that you could only collect the ones
where that particular change of energy had been absorbed in the sample, either
gaining or losing. So that was a clever trick, it was called back scattering. It still
wasn’t enough to get round to the really slow motion of the polymer molecules. The
spin echo was another clever trick of not having to measure the energy very precisely.
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And what it does is use the fact – we haven’t even mentioned now, the neutron has a
magnetic moment and it has a spin, okay. And I – spin is a quantum mechanical
effect, let’s literally think of it spinning. So you can actually make a neutron rotate in
a magnetic field, because of this magnetic moment that it has, and what – if you rotate
it in the magnetic field, it has a natural speed of rotation, which is just determined by
the strength of the magnetic field, so the stronger magnetic field, the faster it will
rotate. So what they did was they made a long magnetic field, a long coil, sent the
neutrons through it spinning, then they scattered them from a sample, and they flipped
the spin the other way round, so that they were rotating the other way. So you can
image them going, [swirling noise], right, in the sample they were going the other way
around. Now they start off all at the same start point, but the going, the travelling,
with different – there’s a spread of speeds, so they – as they go through this coil, the
ones that go very fast through the coil will not have done so many rotations, because
the rotation is just a clock, it says I will do so many per second. If you go through
fast, you get to the other end, not having done as many rotations as it if you go
through slowly. So what was all the spins pointing the same way, is now opened out
into a fan. Then you flip the whole thing, and you do the same thing backwards. If
they take the same time going through the second one, then they’ll all come back
together. So that’s what’s called spin echo. You will get as perfect echo of your first
signal. If they change energy in the sample, so they’ve picked up a little bit of energy,
or lost a bit of energy, you won’t recover. And what you do at the far end, you
measure how well you’ve recovered that magnetic moment. And that tells you very,
very precisely small changes. So it’s another trick of never measuring the energy
precisely, measuring the changes in it. Extremely clever technique, it’s only done in
about two places in the world.

[1:04:50]

But that, you see, you would love to have done very early on in this to ask
fundamental questions about how the molecule is moving. You couldn’t, because the
technique wasn’t even there, it hadn’t even been invented until – the very first
experiments in spin echo were sort of early ‘80s. The paper we published which was
for me a real Eureka moment, when we really showed that some of the things had
been predicted about the motion were true, was about 1984, 1985. What we were able
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– what people had said was if you – how do these molecules move? And the two key
people were a guy called de Gennes in France, Nobel Prize winner, Edwards in
England, very distinguished Cambridge physicist, and they’re working in different
ways on this. But the picture they had was that the molecules are obviously packed
together, but if you looked at an individual molecule, what really constrains it is when
it happens to knot round another molecule. So it’s not its nearest neighbours that
matter, it’s when it gets knotted. So it can wriggly locally reasonable well, but at
some point the knots, the tangles, will stop it moving. And there were predictions
about what sort of size these ought to be, and how they would relate to completely
different experiments, rheological experiments, okay. You know, making the thing
flow through a pipe. And our experiments were able to show that the knots came into
play at exactly the distance that the rheological experiments also showed the knots
came into play. And that was – I mean that was really for us, that was a paper I was
really pleased with.

I think we’ll probably get back to that bit on the history front. Two little questions I’d
like to just sort of tie this section up that I think we’ve got everything we hope for,
haven’t we.

[1:06:50]

The first was you’ve talked about, you know, the new techniques, and I was just
wondering, you know, once small angle scattering comes along, people still use things
like quasi scattering, or they’re obsolete?

Oh, yes, not so much on polymers. I mean there’s a certain amount done on
polymers, with polymers it was the back scattering that I mentioned, and now the spin
echo. Because with the polymers it wasn’t really the very local motion of the side
groups that was worrying people, most of that they could do with ordinary
spectroscopy. It was this characteristic polymer type motion, which is very slow and
wriggly, that’s what they wanted to get at. And constantly pushing to get the higher
and higher resolution to see that. And we still – there isn’t really a perfect technique
for doing that, so that’s what people were pushing in that direction. But small angle
scattering, and variations on it, I said the main variation, it just turns out there are so
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many experiments you can do. As soon as you’ve got a picture about how is this
molecule organised in space, where is it, how is it compared to its neighbours? Small
angle scattering is the answer. What people subsequently invented towards the late
‘80s, and the first experiments were done on one of these spallation sources, the one
that’s in England at the Rutherford Lab in fact, it’s called neutron reflection. And is
literally what it says it is, what you do is you shine a beam of neutrons onto the
surface of a film, or a set of films, stacked, and you reflect it off and you look at the
scattering. It’s actually a form of small angle scattering if you think about it. But it
turns out the theory is such that if you want to you can tell a lot about the surface or
the interfaces between the layers close to the surface, you can determine the structure
of a stack perpendicular to the surface. So if I make a stack or two or three, and say,
well, how are these – what’s the structure like, what’s the organisation like vertically?
Then the reflected beam carries that information. Simplest analogy, if you poured a
film of oil on water, and you look at it in bright light, or sunlight, you see colours.
Those colours are coming from the interference between the light reflected from the
top of the oil and the bottom of the oil. Our layers are just like that, we get an
interference pattern, the reflection of the neutrons from different parts of the layers.
Then using deuterium in some of the layers, you can actually – the information that
people wanted was how do they – if you put two layers of polymer together, how
quickly do they inter-diffuse? So they will, but how quickly will they do it, and in
what way will they do it? What’s the structure of that? And this reflection technique
allowed people to answer that question. But it’s derived from small angle scattering,
it’s a special form of small angle scattering.

[1:09:49]

Right. We started this off with talking about plastic bags, how you know, polymers,
plastic bags, I was just wondering if we could sort of take the similar sort of step from
talking about small angle scattering in the lab as it were, and sort of tying it up with
you know, what difference has it made in the real world.

Oh–
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Don’t like to put you on the spot, I appreciate you are more concerned with the
technique than what happens afterwards is someone else’s game. But it’s–

I have these arguments with some of my friends at times who say, hah, polymers are
solved all the problems – sorry, neutrons have solved all the problems of polymers.
That wouldn’t be true, I mean what they need – what they – polymers have done, is
coming back to the beginning – neutrons have done, not polymers, have illuminated
what’s going on so that people can therefore improve what they’re already doing. But
one area where it has been really very interesting is in the flow of polymers, okay.
Not something I have specifically myself been – I have been involved a little, but not
so much. But other groups have. So I talked about the wriggling motion locally that
we looked at with quasi elastic scattering, but that was all part of a bigger picture that
Edwards and de Gennes had which related what polymer molecules are, and how they
move, to how they flow. How they flow is hugely important in how you make them
into things, because you’ve got to get them through pipes, you’ve got to spread them
out into films, you’ve got to stretch them, or whatever. So that was a very practical
question, until those two came along, the molecular scientists almost had no language
they could talk to the rheologists, so that was a very big step. And the point was once
Edwards, de Gennes, type models were in place, you could calculate – if you knew
how the molecules were moving, you could calculate what the – how the rheology
should behave. What should happen if you tried to increase the speed of flow, how
the flow would respond. A group in Durham and Leeds they were mainly, set out to
demonstrate some of this, so they made polymer molecules, labelled molecules, and
unlabelled molecules. One of the big questions was how does branching change this
behaviour, so they made controlled branching polymers. They built a rig where they
could essentially flow the material passed the neutron beam in tubes, and they had to
be recycling because you had to have deuterated material in there, and you couldn’t
have tones of deuterated material to do this experiment. They had to be very precisely
controlled molecules. And then they used small angle scattering if you like in a
sequence of flash through photographs, if you like, so they could look at different
points. So the material would come into the flow, and they would look at it at
different points after it had come in, and they look at the shape of the molecule. The
theory had told them how the molecules should be deformed by the flow, and how
they should relax in the flow. And using the small angle scattering on this material,
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they were able to demonstrate that the molecules were doing what the theory said.
Once you know that the molecules do do what the theory says, then you can use the
theory to calculate what the rheology ought to be looking like. You don’t actually
have to measure the rheology at every point, you can say, if I put in highly branched
polymers then I will get this behaviour. And so we’re getting to the stage of
predictive processing, which is what the industry likes the idea of. So that was hugely
– that is hugely important. It’s not so much the end properties, as getting there but it
was a very important step, and those are very important experiments, which we
dreamed of. I was one of the many groups dreaming of, and I know this group that
finally did it, years ago we just didn’t have the materials to do it, we didn’t have the
technology to build the recycling flow machines and things. It just took some time to
get there. But those really key experiments were done in the early ‘90s I would say,
well during the ‘90s.

End of Track 7
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[Track 8]

I’d like to start today by asking you one or two questions to tie up your experience in
France, I was wondering if you could briefly summarise to me what you think you
learnt from your time there?

Well of course I learnt French [both laugh] which was – which was not trivial. I’d
done O level French and I’d taken it in about, when did I take the exam, about 1956,
probably ‘7. And then I had not obviously done French again at all, nor did I
particularly have holidays in France. So I arrived in Paris in fact, ‘cause I spent six
months in Paris before I went to Grenoble, I arrived in Paris on the 1st of November
with ordinary level French struggling to understand how to get to the hostel where I
was staying. I remember listening to the – the pattern of train stations that the train
was going to stop at again and again and again and trying to pick out the station that I
was supposed to go to. And the person who was supposed to meet me hadn’t met me,
what I hadn’t realised, but I ingrained on my thinking subsequently, is the 1st of
November is a public holiday in France [laughs] and he hadn’t, you know, the
conversation hadn’t got that far. But so during the time I was in Paris I was working
in a French lab and so although people could speak English it would have been
unreasonable to ask them to speak English all the time, so that’s when I learnt most of
my French. When I went to Grenoble that was a French, German, British joint
venture and the common language was English. In fact the Germans and the French
had got together first and were using English as the common language as a
compromise, so when the English came in we just did well out of it, it was probably a
good thing ‘cause I doubt that our foreign languages would have been as well. So I –
I probably learnt not much more French once I was in Grenoble, although I practised
it, but certainly the time in Paris I went from very poor O level French to being able to
have a conversation. I know, I remember distinctly thinking that I was arriving in
French when I was able to get angry on the telephone in French [both laugh].

Why did you get angry on the telephone?

I think I was trying to organise buying a car and [laughs] the pick up of the car and the
registration, I got a, you know, an overseas registration car for the time I was there, I
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think that was it, it was just something where somebody was being obtuse at the other
end [laughs].

What do you think you learnt technically?

Oh well of course I learnt a lot about neutron scattering, I – before I got to Grenoble I
had used the technique which is called an elastic and quasi elastic scattering at
Harwell. In Paris and then in Grenoble what we were mainly doing was small angle
scattering, so I learned everything about small angle scattering while I was there from
the French group, their theoreticians and their experimentalists. And I learnt the
language, the technical language, to the extent that I can recall speaking English to
somebody and really having to search for the English word for, it was radius of
gyration which is the size of the polymer molecule, simply because I’d learnt it
always in French. And it was quite an interesting experience, sort of finding that you
learnt the words first in a foreign language.

Do you think there are any other changes to you as a result of being immersed in that
slightly different –

Well my sister said I became considerably more fashionable in my dress and I know I
changed the way I produced meals, I mean it just the way – I remember being taken
home by a French lady in Paris, she was working there, she took me to her home, we
picked up her school kids, she did a little bit of shopping on the way home and she
produced an elegant meal but observing it it wasn’t a huge amount of work, it was just
the thinking about it. So she’d picked up some pate at the charcuterie, she’d got
some, I don’t know, lamb chops or meat steaks and some green beans and so she
produced a main course with some vegetables, then she made a salad, then she put
cheese and then she’d bought a nice tart at the bakers, so none of those things were
difficult to do but it was an elegant meal with courses to it and so forth and I’m quite
– and I know that from then on, not just that particular meal but overall the way I
produced a meal just changed to a more formal way and several courses and so forth
and it was definitely the French influence.

What had it been like before?
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Well it was good English cooking so I would probably – I mean it probably wasn’t
wildly different but I guess I just hadn’t sort of – I hadn’t really thought so much
about the simplicity with which you could produce a sequential meal, simply by using
what you could buy in the shops, you know. It – it wasn’t that I didn’t cook, it was
just it was a slightly more stylish way of presenting a meal I think which has stayed
with me ever since.

[05:00]

How was your social life when you were in France?

Well we were a – it was a very good social life, we were an ex-pat community, I mean
there were the French who were there but they were within their own community but
we did know them, but the Germans were there as an ex-pat community and the
English were an ex-pat community. They – they were just starting in Grenoble the
English influx because England, UK had joined the – the tripartite arrangement for
running the reactor at Grenoble and they recruited six I think of us, all of about the
same age, all of who already knew each other from having used neutron facilities at
Harwell at the same time so we were immediately a community of people who knew
each other and there were dinners and parties and we would go off skiing together or
to restaurants or whatever. So there was a sort of ready made social community. We
– we didn’t know the French as well, the people who got to know the French better
were those who came with small children, because the children would be playing, the
children would go to the local schools and so they got to know the – their French
neighbours more than most of us who were not – or either married or certainly didn’t
have children. We tended to meet more with our fellow scientists.

[06:20]

I was going to ask as well, you know, you’ve got these three different communities of
scientists, mainly British, French and German, how much they do actually mix and
get on outside their –
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Oh a lot, I mean there were – it really was an international community, it was great.
There were different styles in doing things and sort of – well there were different
styles in doing science, to the extent that, you know, I exaggerate but if you were
within the French scheme, if the great French theoreticians had predicted something
then you did an experiment to find it. From the British side it was a much more open
thing, it was at least it felt like that to me, it was, ‘Well it’ll be interesting to look at
this sample and see how it behaves,’ without a preconception about the theoretical
function that one expected to fit whatever one was going to observe. Now that is
certainly an exaggeration but there was a difference in style. And the Germans also
tended to have a slightly different way of designing experiments in the way that which
they thought about which order you did things, it’s quite subtle but undoubtedly there
was – it came out of the education system I’m sure.

... Were there any other differences in actual scientific styles that you noticed?

Not hugely, erm, to a certain extent the Germans were coming from some big
laboratories and they probably had more money to spend on the samples, which did
have some effect on which sort of materials you chose because if you – if it was more
expensive to buy the chemistry you might choose a different sample, it was a
relatively small effect. I think it was much more to do with a slightly different way of
designing experimental work and relating experiment to theory that I sort of noticed.
And, I mean, the national characteristics would just come through, you know, and the
French had their French ways and the Germans had their German ways and the British
had their British ways, and I can’t put my finger on it, I wouldn’t say that we were
caricatures but it was a slight formality about the Germans. I do recall the Germans
talking to us and the question was whether you could – if you said anything to them in
German whether you could call them du or sie, the French were more relaxed but you
still had to think about tu and vous nd of course we didn’t have to worry about it at all.
The French for example would tend to come in in the mornings and shake hands with
everybody in the office or in the lab, it was a sort of formal greeting where I don’t
think most British people do that and I suspect the Germans were probably more
similar to that. But the French certainly there was a sort of going around shaking
hands with everybody.
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So I’m thinking about the politics behind this, you know, Ted Heath leading a great
European project, I was wondering if, you know, if that ever actually impacted on
what you were actually doing, were there any signs of it at your working level?

No, I guess to some extent there were ripples which were to do with the fact that we
were the jonny-come-latelies, we hadn’t been there from the very beginning. I don’t
think there was a huge amount of resentment about that among the scientists at least
but, you know, it didn’t have effects on the way the place was run, whether we had
English – British, English speaking technicians there and so forth. I mean the biggest
effect was not at all visible to me, but I was subsequently told the British science
community has got very close to agreeing the funding to build a British hi-flux reactor
and suddenly the plug was pulled on that and we were into Grenoble. And so that if
you like locally in Britain had an affect but I didn’t actually even know about that at
the time, it was beyond my ken [ph].

[10:25]

How was the laboratory actually run, where do you fit into the hierarchy as it was?

Well the – there were – there was a reactor team, people who ran the reactor and that
was a completely separate group. Quite highly politicised, I mean the French are
unionised and these were technical engineers and they could be called out on strike,
and the French called, and still do call, political strikes. So they would cause a strike
which was effectively to do with something political in France, and the only one or
two reactor people had to come out on strike and that closed the reactor down and
stopped all our experiments. Are you having trouble?

Just checking it.

Ah, so that was that group. Then there was a group of highly skilled technical people
who could build instruments, so you got the reactor which produces the neutrons and
then you got people who have to build instruments using the neutrons in order to do
an experiment. And that was a big group and they were pretty well all French, as I
can recall, and they were mostly, because technical people aren’t quite as mobile as
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the scientists are. But each of the instruments then has a team of scientists that
belonged to it and was involved in the building and those were eith – largely either
French or German because they’d been there first and the British came and joined in
and then subsequent instruments would have had British people in charge of them.
And we scientists were all called physicists, that was the title and all but about five of
us were on short term contracts. The director, the first German director, Maier
Leibnitz had been very keen that he wanted young people who were sort of hungry for
success and then would move on and do something else, so we were all on five year
contracts. Except they’d appointed I think it was four senior scientists who were on
permanent contracts. And then there were a lot of technicians helping with the
instruments, again they were largely French, people running the computing section,
and people running a library and a canteen and all those sorts of things, so it was quite
a big community.

Hmm. How much do you actually have to do with all those support staff and -

Oh a lot, I mean the computing people you were forever talking to them ‘cause the
computer wasn’t [laughs] – I mean all the instruments were collecting data on
magnetic tapes. And the vision they’d had at the beginning unfortunately was you
would run two or three computers, and each of those two or three computers would be
servicing about five different experiments. That’s splendid when it works but when it
doesn’t you switch five experiments off rather than one experiment so that was rather
a pity. And it was quite old fashioned technology. When we were doing our first
experiments we had a screen, a computer screen, a bit like a television screen on
which we could see what had been stored so far, so you’d see sort of green dots
picking out a pattern on the screen. And what was at the end of the experiment, that
was recorded onto I think big magnetic tapes, on the central computer, and once we’d
done that we had no access to that data so what we used to tend to do was take
Polaroid pictures of what was on the screen, or something, just so we had some record
of what we were doing. So we might do – we might be measuring in a sample every
half an hour so we might do in twenty-four hours fifty odd samples and we had
absolutely nothing that said what they looked like, we had no means of comparing one
with the others, no. Now quite quickly afterwards they changed the whole system so
that you could manipulate the data in front of you, you could recall the data that was
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the previous experiment, you could look at them, you could play with them, but we
couldn’t do that, so we were working blind. The other thing was the instrument I was
working on which was the small angle scattering machine largely, was a very big long
instrument so it was – it had forty metres of collimators, things that make the neutrons
go in a narrow beam, and then a sample inside a vacuum of some sort or at least in an
envelope dipping into a vacuum. And then an enormous flight tube, a metre across, a
tube a metre across with a big window at the front and set at different points in it a
detector, which was an area detector, and I think we have discussed the area detectors.
Now if we wanted to change the configuration of the experiment, we first of all had to
get hold of the crane, there was an overhead crane, and we had to lift this detector and
put it in another position. Now this is very tonnes of very very valuable detector that
had to be lifted and put and then the vacuum had to be pumped down. Whenever we
changed the sample, it had been sort of set up by some very large Germans this
experiment, you had to clamber up two metres high up onto the top, put your sample
on a stick down the middle and then clamber down again, and we were doing this
every half an hour right through the night, the fact that nobody was killed or broke
their neck was quite extraordinary [both laugh].

In terms of your equipment as well I was wondering what difference did actually not
having easy access to that computer data actually mean for the work you were doing?

[15:45]

Oh it was – I mean it was – I’d never had it so it wasn’t like switching it off, it had
been just like that at Harwell, I’d only been able to see what was happening. It meant
you had to plan an experiment and just carry through the plan, you know, because you
couldn’t – there was no changing it as you went along. Most of the subsequent
science and as over the years I did a lot of science on that, it was – it would have been
completely impossible because one was – you needed to react to what you were
seeing in order to think which was the best sample. You – even to the extent of
knowing whether the signal that you had counted as long enough to be intense enough
so it was a huge difference. So essentially you could do much more complicated
things much better as we got to be able to interrogate the data as we went along, a bit
difference.
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What did you do with the Polaroid pictures of the screen?

Well I think we threw them away once we’d got real data back, but I was looking
around the lab, I cleared my – not lab, I cleared my office recently but I’ve kept some
– a few things and I found a notebook from the time when I previously had been
working at Harwell, and stuck into it were the Polaroid photographs that were taken of
the experiments at that time. They’re not terribly informative but, well, I mean
showed that something had been detected, but they’re there sitting in the notebook
from – well those are from fifty some – fifty years ago, no not quite fifty, forty-five
years ago.

Maybe we should talk about archives at some point but [both laugh]. I mentioned
that the original dia – one of the questions I had as well was who is your actual, your
immediate boss or manager or –

Well it’s quite interesting, it’s not entirely clear [laughs]. I mean effectively the
director, there were two directors, three directors, there was a main director who at
that time was … it wasn’t Maier Leibnitz anymore, I think it must have been a
Frenchman, I’m trying to think, Dreyfuss I think and a – an English, British associate
director and a German associate director so there were the three together. And I think
effectively they were the only people in charge of us, it was a very flat grouping.
Now having said that I was assigned to the small angle scattering experiment, and … I
was given certain – so visitors were coming in and using it and different ones of us
would act as the hand holder of the different groups coming in. Who precisely
decided that is interesting, subsequent – or quite soon it was something you decided
with the proposer of the experiment quite early on, so somebody like Bob Ullman
who was coming from the States wants to do an experiment at Grenoble, they would
talk to one of the scientists in charge of that experiment beforehand. They would then
write a proposal, probably with the hand holder involved and write – the term was
usually local contact, write local contact, Julia Higgins on it. So in that sense it was
decided between you and the people you wanted to work with. There must, and I
really can’t remember exactly how it worked, we must have had some team way of
deciding who was going to do what when, and there was a scheduling process which
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experiment will come after which experiment. But to all intents and purposes we
were free people, we did – we were not pushed, you know, we weren’t told to do this
and do that, we were expected to have our own experimental programme, we were
expected to write papers and we were expected to interact with the outside people and
that’s what we did. It was good fun.

[19:30]

What did you like about it most?

Oh, well first of all I was doing science and it was new, you know, everything we did
was new, it was on new instruments. You can ask me what I liked least in a minute
but [both laugh]. I really enjoyed the international contacts on the whole, I mean it
was great working with not just people from Britain but other Germans or French, or
we worked with Japanese, we worked with Americans, and so you had a – you were
looking at their scientific problems as well as ones that you’d thought of yourself.
Equally on the experiments that were my own which were largely not on the small
angle scattering, the ones I was trying to do I was doing in – still looking at dynamic
experiments, quasi elastic scattering I mentioned, you had access to the best machines
in the world, I mean who wouldn’t like that? On the other hand ask me if at three in
the morning when the instrument wasn’t working properly and I wanted to go to
sleep, I was entirely happy to be clambering up and down the small angle scattering
machine and I will say, ‘No, that was hard,’ [both laugh].

Were there any other bits you didn’t like about it?

Well the whole IT part was very frustrating because if the computer went off, I mean I
wasn’t – I’m not a computer expert. I do remember once, one of the many times that
the computer running the thing had gone off, or the local electronics had and
somebody said to me, ‘Look, one of the best tricks with this, just switch the whole lot
off and on again,’ and I’ve used that many times subsequently [laughs], it’s not a bad
way of getting something to work that isn’t working. But overall it was – it was a
good time. The only thing is I didn’t want to be – I could quite see that I didn’t want
to do this permanently, it was something that I enjoyed while I was there. And the
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reason, the main reason was I didn’t want to be a technique person, I wanted to be a
problem person and so I mean I could see that really you had to be based in a
university if what you were doing was running your own research programme, it was
very bitty what I could do under my own auspices there.

[21:35]

I was wondering if you would mind painting a picture of yourself as you approach the
end of your time at Grenoble?

Well I weighed considerably less [laughs] than I do now, I was quite skinny.
Shoulder length hair, I used to wear quite short skirts, I mean not when I was
clambering around apparatus, I used to go skiing, we talked about social life earlier,
during the winter people would go skiing at the weekends, I was appallingly bad at it,
I have no head for heights. I loved going up the mountain with everybody but I kept
starting in the beginner class in the season and finishing in the beginner class,
everybody else had moved up [laughs]. But also I used to fall a lot and my legs were
bruised and in fact during most of the winter I didn’t wear short skirts I had to wear
trousers ‘cause I had such bruises on my legs [laughs]. So the French, one of the
French once told me that I spoke French with the classical English accent and I sort of
thought, mm, you know, that’s not very nice. He said, ‘Oh, it’s charming,’ he said,
‘think of somebody like say Maurice Chevalier speaking English with a French
accent, people like it,’ he said, ‘it’s okay, you can speak French with an English
accent,’ but I’ve heard that several times so my French was quite good but it was a
classical English accent. And I had a flat and friends and friends would come and say
so it was – and of course quite a lot of money, the salary was considerably more than
I’d been earning before, and a car. I can still remember when I was first in France I
was working Paris, I told you but with the French group, we came to do experiments
at Grenoble and it was while – during one of those experiments that I got the letter of
appointment as a scientist, and in it he had – it had what the salary would be and one
of the great things was there was also something called a prime de depaysment which
was basically an extra amount of money because you were going to have to move
country. And it was a lot of – I mean it was 5,000 francs I think, but it was – it felt a
lot of money, and I showed this with a sort of considerably surprise to my French
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colleagues and they just looked and said, ‘You could buy a new car,’ which is in fact
what I did with it.

What did you buy?

A Renault Cinq, a little Renault Five which was a very new – I mean it was the latest
small French car, I ran that for three years, I was very fond of it.

I wonder –

I actually had to pick it up, because I was buying it tax free I had to pick it up in Paris
from the central Renault garages in Paris, and then drive it to Grenoble. So the first
thing I can remember doing is picking it up and having to drive around the Boulevard
Peripherique in a brand new car that I’d only just picked up [laughs]. And then I had
to drive 500 kilometres to Grenoble at forty miles an hour because in those days you
had to run cars in, you couldn’t – you weren’t – I mean all the seals and the petrol,
you’re too young to remember but cars had to be run in when you bought them brand
new which meant you weren’t allowed to drive faster than a certain speed, and that
was – so I can remember it was so – I was so, getting so sleepy, you know, forty miles
an hour plodding along the roads [both laugh].

Did you use it much for trips when you were actually in Grenoble?

Oh yes huge – I mean I – first of all I had to – I used it to get to and from the lab. The
lab was reasonably close to town but given that we were there at all all hours of the
day and night you just had to have a car. Then we’d use it to drive up into the
mountains in the summer to go to restaurants. I didn’t drive so much up to the ski
resorts ‘cause I didn’t particularly want to drive on snow, I usually went with other
people who’d got winter tyr – well winter tyres or chains, I remember using chains.
Yeah, it was – it was a completely different social experience from, you know, I
suppose it was like being back as being a student at the university only we were all
that much older, more sophisticated and we had a lot more money.

[Laughs] And who were your closest friends?
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Mainly the other British scientists, but I … I did get to know the Americans and the
Japanese and some of the Germans to the extent that, you know, we are still friends
with some of them but the actual closest group would have been the other British
scientists.

Who from that group in particular?

Well Bill and Jenny Stirling, Bill was around the university system, at the latest he
was director of the European Cyclotron Source in Grenoble, so I don’t see them very
often because they stayed living in France whereas – they lived for a while in
Manchester and Liverpool and then moved back to France. So those were the ones –
that couple were the couple I probably knew as best.

[26:30]

You mentioned that Maier Leibnitz the director of the establishment had this idea that
people would come for a few years and then they would go elsewhere, is that how you
saw yourself?

Yes, quite interestingly. They – after a while they twigged that this wouldn’t work,
you can’t actually have your entire expert workforce moving off somewhere else after
five years. So they decided – it was decided, this was after he’d moved on anyway,
that there should be some permanent science positions and we were invited to apply
for them. So I applied for one and I was offered one and I refused it, and I refused it
for some complicate – partly because I wanted to make myself move, but you would
say, ‘Well why not take it?’ well because my salary would have dropped a great,
because I then would have a permanent position, I mean our salaries were artificially
elevated because we were on temporary contracts. So I would have dropped some
salary, I mean I could afford to do but why do that when I was determined that I was
going to leave the place [laughs]. I completely shocked everybody by doing it, you
can imagine, I mean there was the coveted permanent position [laughs] and I just said,
‘You can keep it,’ [both laugh].
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Why did you want to go?

Why?

Hmm.

Well largely because I just didn’t see my long term future at – I told you, I wanted to
be in a British university if possible. I also wanted to be back in the UK, if you like,
because one of my close friends, my current partner was – had been temporary in
Grenoble and was now working back in the UK, so on the whole would prefer to be
back in the UK. So I suppose those were the main reasons, I was a professional
reason, a genuine professional reason, I didn’t see that style of working as my long
term. And also a social reason that – and my family were in England and so forth and
so there were reasons that it would be nice to live in England, but on the other hand I
was giving up a very glamorous life in France, so it was mainly the professional
reason.

Had you had much thought on exactly what shape you wanted that to take?

Well what I would have liked, and I got, was a university lectureship. I was pretty
clear that what I wanted was a career in a research based university so that I could do
research of a freestanding nature. I did talk to a few people in industry but nothing
really was on offer, and I didn’t know a lot about industrial research but I didn’t
particularly see myself in that role, but that was partly ‘cause I didn’t know a great
deal about it. And the other thing would have been another national lab but I’d have
been jumping from one to the other, I mean I’d have been doing the similar sort of job
if I was in a national lab, I’d have been working with other scientists. So university
posts was what I was after, I was extraordinary lucky to get one ‘cause it wasn’t a
period when there were many university positions.

[29:35]

Who was the friend who became your partner?
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George Stirling.

How did you meet?

How did we meet?

Hmm.

Neutron scattering [laughs]. He was – he came to Harwell when I was doing my –
when I was coming down from Manchester to do experiments at Harwell which I
think we talked about in the previous thing, he came over as a post-doc from Australia
working for the person who had been my PhD supervisor in Oxford, John White, so I
met him briefly there. When I really met him he was seconded by the Rutherford
Lab, for which he was by then working, to Grenoble when Britain joined the grouping
to act as a facilitator locally for all the people coming in from the UK. So he spent a
year in Grenoble, my first year, and that’s when I got to know him.

Did you start going out while you were in Grenoble then or?

Yeah, in a sort of gentle sense, I mean we spent a long – a period of time getting to
know each other better over a longish period and people [laughs] – I mean it took
until four years ago before we shared a house together because we were working in
two different places so it was a long gestating [laughs] relationship.

Are there any advantages to having a partner who works in the same sort of field?

Er … well I suppose we understand each other and we had a lot of common friends.
Oh – I don’t know, because my first husband was a musician as you know and I found
that had advantage, you had something different to talk about so I think there are
swings and roundabouts, I wouldn’t say there was a particular advantage.

How did your time at Grenoble actually come to an end?
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Well the Professor Geoff Allen for whom I had worked as a post-doc in Manchester,
took a professorship at Imperial College in chemical engineering, he was a chemistry
professor but the department of chemical engineering at Imperial College was
chemical engineering and chemical technology and half the people were physical
chemists. So he took the chair of chemical engineering at Imperial College and he
was looking to build a group to work on polymers, and he recruited a friend of mine
who was then working in Glasgow I think, but had done a PhD with him, he was a
chemist, and he wanted to recruit me to do neutron scattering and so forth. And
essentially talked the university and the department into the process [laughs]. I – I
mean, you know, when people talk about interviews and things like that, he – I was
invited down and he took me round to talk to people, the then head of department and
a few other people, and that was it [laughs], it wasn’t really an interview process
[laughs]. And there I was, suddenly offered a lectureship in a department of chemical
engineering, which was – at three years after I had first gone to Grenoble so – and I
then had to learn to teach, you know, and set up a research group and all the things
you do in a university.

[32:50]

I’m going to need a sheet of paper aren’t I [both laugh]? What was your first
impression of being back in England after several years away?

Well of course I hadn’t – I mean I’d been back regularly, and England was just
coming out of the – what was it the three day week and share your bath water and
blackouts and things in the mid ‘70s, so it wasn’t particularly well off in – it was
1976. The first thing I had to do was to look for somewhere to live and I found a flat
in Wimbledon, I – while I was still working in Grenoble I came and stayed with my
parents who were living in New Malden and simply just scoured around to see what
was there. My mother was very good, she would drive me to wherever the estate
agent had given us but I mean inevitably I looked at the – essentially the band that lay
between New Malden and South Kensington, so I was almost inevitable I’d finish up
somewhere like Wimbledon or wherever, but I bought a brand new flat, a small flat
which was very nice. I sold my car in France, and bought a new one in England as I
recall, I’m trying – I’m trying to remember … ‘cause I don’t think I had a – I can’t
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actually recall which side I drove that car, I mean, i.e., which side the steering wheel
was but I’m pretty sure I sold it in France and bought another Renault back in
England. But I mean the main thing was just getting used to a complete – being in a
different subject in chemical engineering is very different. I didn’t have a huge
teaching load at the beginning, I shared an office with somebody who was an – a … a
good friend but who was there as an experimental officer until they found me an
office on my own, and I then had to slowly build up a research group. And it took
quite some time and I could – I could still do research, I could do my experiments at
Grenoble, I could go out to Grenoble, I was writing papers, but I got my first PhD
student about a year and a half after I got there, and I got my first grant two years
afterwards for a post-doc, who was in the physics department, I recruited her from the
physics department who became a very close friend, she was a very good friend of
mine, and sadly died about five years ago very young. So it was a slow build up to
doing research. I – if I say it was lonely what I mean is I didn’t – I knew Anne who I
was sharing an office with very well so it wasn’t – you know, it wasn’t that I didn’t
have anybody to talk with, but I didn’t feel incorporated into the life of the department
very rapidly. And that wasn’t anybody being nasty, apart from anythingelse of course
a place like Imperial people go home, you know, and home is quite a long way away
so they’re not hanging around in the evenings. But I did notice for example, if they
were going off for a pub at lunchtime they didn’t automatically think of tapping on the
door and saying, ‘Do you want to come?’ And I think it was just they weren’t used to
having women around, you know, they – there weren’t very many women on the staff
and so it just didn’t cross their mind that the person next door might like to join them.
I mean it would now I think but I didn’t then. I do remember some of the first
tutorials I gave which were a bit of a culture shock, because if you teach a subject in
chemistry or physics department which is what I’d done up till then, I’d given
tutorials in both chemistry in Manchester and even in – for physics in Oxford. It –
you – the subject is the subject, you know, you’re learning bits of the subject. The
chemical engineers would look at me and say, ‘Why do I have to know that?’ so it
was a much more utilitarian approach to what they were learning ‘cause they were
learning it in order to do engineering with it. You see it’s perfectly legitimate
question once you got over your shock at being asked it [both laugh].
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Were there any other sort of let’s say differences in intellectual culture between what
you were used to and coming from that research background to suddenly being in a
more engineering focused department?

No, because half the people there were chemists and physicists like me so I mean it
was just as research oriented, it was just that some of the research was much more
engineering oriented. One of the subjects that was very hot in that department was
something called process systems engineering which basically means making a model
of a chemical plant, a mathematical model and then doing as it were experiments in
the maths and it’s quite hard maths, and that was sort of the – that was where the best
undergraduates went. But we taught – we had classes of about sixty undergraduates
doing a three year course and there were about forty staff members. Within ten years
we were teaching a four year course to 100 students with rather less staff members so
the teaching load was very light when I first got there and it steadily increased.

[38:10]

I think there are several different strands we could follow here, as we’ve sort of
picked up a little bit on teaching let’s talk about that for a little bit I think, what did
you actually have to teach?

Well when I was first there I didn’t – I don’t think I did any lectures at all for the first
year. I was invited – I had to give tutorials [laughs] to the first year students who
were doing something called numerical analysis taught by the head of department and
he was one of these highly mathematical modellers that I’ve just mentioned, to the
extent that his numerical analysis involved the X Ys and Zs having subscripts which
could be As, Bs and Cs. So it would be X subscript A, and then the subscripts had
subscripts, and I just looked at it, I was completely – the only way I could make any
sense of it was to turn the As and Bs and Cs into ones, twos and threes and then I
could sort of say – I could do something in three dimensions, X1 X2 and X3 was
possible, I was – I sort of – I was struggling as much as the students were. I can’t
remember the other – I had to demonstrate in the labs, I really did not have a very
heaving teaching, I think I was probably doing tutorials in thermo dynamics which
was quite a shock to system, I’m not all that hot in thermo dynamics [laughs]. But
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one of the things that happened was that Geoffrey Allen, who’d recruited me there,
within two years of me arriving went off to be chief executive of the Science Research
Council, so abandoning me there. Actually it was quite a good thing because it gave
me my independence but it changed the whole environment very much because the
sort of investment that was going into polymers was a bit different. It also changed
the environment for me because I inherited some of the experiment work he started
and at least one of the PhD students, and in fact even a lecture overseas [laughs] that
he was going to give. He’d been very interested in something that I had nothing on to
that point which is mixtures of polymers, so the nearest thing you could think of
perhaps to alloys if you talk metals. Now it’s not a very good analogy but if you
imagine you alloy two metals to get new properties, you mix two polymers to get new
properties. And they’re actually – they’re difficult to mix not just because physically
it’s difficult to stir up the sticky polymers, but because the science says they don’t like
each other, and he was interested in the miscibility, and whether they would – whether
they would stay mixed at all temperatures or whether a temperature would affect
whether they were mixed or not and he’d set up a research programme doing work on
this and he had a research student making observations on what’s called the face
boundary, whether they separated, essentially the material would be transparent when
it was a single phase, and then when it separated into two phases it would go cloudy,
just as if water precipitates in air, it goes cloudy. And I inherited the apparatus and
the student, and he had been going to give a lecture in France and America in what’s
called a Gordon Research Conference. These are research conferences they have on
the east coast of America, very nice conferences in the sense they have a limited
number of speakers, free afternoons to go hiking in the mountains and about 100
people and a lot of discussion, that was the way they were organised. But he’d
contracted to give a lecture at one of these on polymer beds and mixtures, and
couldn’t go because he was running SRC, and so he suggested I go instead. And I
[laughs] – with hindsight, you know, talk about walking into the – into the wolf’s den,
you know, I mean I really was right at the beginning of understanding this subject and
I gave an hour lecture at one of these conferences [both laugh] which went alright, it
was okay but [both laugh].

You’re looking a little bit surprised at that [laughs].
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Well because I really – I now know how little I knew if you understand me, I mean I
learning fast but it’s a complicated subject and I’ve been essentially working in the
field ever since, thirty odd years [both laugh] and I really know how on the edge of
everything that I knew. It was quite interesting, there was a woman, there is a woman
called Sonja Kraus who was well known in the field, she’s older than me and she was
at the meeting and she published books, you know, she was well known. And when
I’d finished speaking she asked a question really quite gently, I mean it was a nice
question and I could answer it and sort of – but basically I’d made a mistake and she
was leading me in to be able to correct it. And that was very nice of her ‘cause she
had a reputation of having quite a sharp tongue but she was good with me, so years
and years later, about four or five years ago she was at another Gordon conference, we
were both there and I had breakfast with her and I said, ‘Sonja, do you remember all
those years ago when I gave that lecture?’ she says, ‘Yes, I do, you didn’t know a lot
did you?’ [laughs] but, you know, what was really good was she did not drop me in it,
she helped me, you know, she helped me out and I appreciated that. I mean I knew at
the time she was being helpful, with hindsight I realise she was being very helpful
[both laugh].

[43:30]

I was going to ask, talking about your lecturing side of it as well, are you given any
sort of training in how to teach or just dropped in?

Well that’s interesting, hitherto people had not done much training, I mean it was the
sort of thing you – well you could do it or you couldn’t do it. But the college was –
and we were probably not alone in this was beginning to think that actually it
wouldn’t hurt to give people some backup and they brought in somebody from the
Institute of Education who – people who worked in teaching in higher education and
they put together a course, on which I went the first time around and on which I
became a tutor the next – when they ran it the next year and the next year, and
eventually I took some time out, Monday afternoons for two years to do a diploma in
teaching and learning and higher education. So it was the beginning of a whole
activity of giving people some help in doing this. And what most young lecturers
want is help in how the hell do you give a lecture [laughs], you know, and so you
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 189
C1379/55 Track 8

have to concentrate at that to start with but actually what you really need is to think
about how do you structure the material, how do you run a tutorial, how do you make
students work in groups, there’s a lot of – and a certain amount of theory, like how do
students learn. I mean I still remember some of the work I probably was doing a few
years later when I was doing the diploma, there’s a lot of research on the way that
students learn and a very simple thing, when a student comes from school they’re
used to having a right answer, you know, I mean you’re given a problem, there is an
answer and the teacher knows it. Now as you go to university first of all there may be
a right answer but the teacher may not know it, and secondly there may even – and
particularly in engineering there may not be a right answer, there may only be a better
and worse answer and that is quite a – it’s quite an intellectual step for the students.
One of the things I got involved with a little bit later – I don’t remember exactly when
but anyway was what was called the first year design course which had been put
together by – with the help of these Institute of Education people and one of my – a
couple of my other colleagues who were involved in this teaching, and it was a course
designed to get our first year students to begin to grasp this difference between a
problem in a book which has an answer and an open ended problem. So we would –
we would try and treat them as they might be treated in engineering, so we’d come in
and say, ‘I think there’s a problem with the amount of water we’re using in this plant,
will you have a look at it,’ yeah, you can imagine what first year students [both
laugh], and we would – we would actually act difficult, you know, to say, ‘Well what
do you mean by that?’ and we, you know, we began to teach them some methods so
that they could pull a problem apart. But what they had to first learn is that most of
the time the problem is not presented as there is X gallons of water coming in here
and Y gallons of water going out there and there’s a heater in the middle and would
you like to calculate the power, you know, you’re needing? Somebody will say
there’s too much water being used in the plants and you have to formulate it as a – as
a problem, which they had – could only do by questioning us. So that was – I really
enjoyed, that was fun, it was incredibly hard work, for four weeks in the year we dealt
with the whole year in small groups and really worked hard with them but I loved
doing it.
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And I was going to ask as well, I mean how much – trying to think what the right word
would be, how much sort of administrative stuff would you have to do with teaching at
this time?

Well it depends what you mean, you’ve got to mark scripts, you’ve got to prepare
notes. Preparing a lecture, roughly speaking, and I think most people would agree,
the first time you give a lecture course the time – the preparation time to giving time
is about ten to one, so if you’re going to give a ten lecture course you’ve got 100
hours of preparation, that – you’ve got to set exams, you’ve got to mark exams so
that’s it’s sort of administration but it’s associated with it. Erm … [sighs] then
somebody and it was me after about five years there becomes the exam secretary and
you’ve got to make sure the exams take place and the marks are collected and the
papers are in, that was real admin. Somebody else will be the course organiser and
have to make sure that the lectures are timetabled and put in the right place and, you
know, the students are broken up into groups and that’s another one. Somebody else
will be the admissions tutor and will run that, so there’s a lot of admin to do with
being an academic which some of which can be done by a good, or helped by good
secretaries but it does involve the academics. And then of course the head of
department is dealing with accounts and appointments and promotions, so there is
quite a lot of admin. And increasingly so as academics have had to become more and
more accountable for everything.

[48:37]

How did you find the students treated you?

Oh quite well considering that I was probably very ignorant compared [laughs] – no
they were okay, I didn’t have – I didn’t actually have problems and I didn’t have
problems in keeping order. I mean it never crossed my mind that university students
were going to be difficult, I mean if they were talking I’d just stop and, you know,
glare at them and they would – and I then I remember one of my colleagues who I
used to think as a fairly sensible young man saying, ‘They’re forever making a noise
and throwing paper aeroplanes around in my lecture,’ [laughs] and I looked at him
like that and I thought, well why do you stand for it, you know. I mean of course
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once you don’t stand for it it’s very difficult to stop so I never ever had problems in
effectively controlling a class, but then I didn’t expect to with good students at a good
university.

Did you actually enjoy teaching?

Yes I did, but I was quite glad in the end to stop because it’s a huge amount of
adrenalin, so yes I do enjoy teaching, I did enjoy teaching, bits of it I wasn’t so keen
on, marking exam papers is – well it’s depressing because you taught them this stuff
and they haven’t learnt it if you see what I mean [both laugh]. But yes I do enjoy –
did enjoy teaching, do enjoy teaching and particularly when I was able to teach
courses that were more closely related to my research, so at masters level courses on
polymers and things so yes. Some subjects when I had to give tutorials in I wasn’t so
keen on and some bits of the lab work I wasn’t so keen on but overall yes. I mean I
have often said, if you’re going – in my view if you’re going to do research you have
to pay for it somehow, so [both laugh] if you want to do it in a lab like Grenoble then
you pay for it by working on other people’s experiments with them when they come
in. If you go and do it in industry then you pay for it by doing research in areas you
might not be interested in and on topics and being suddenly switched to another area
and if you do it in a university you pay for it by teaching and I thought that the paying
for it by teaching was by far the best way of doing it.

[50:40]

[Laughs] The other aspect of this you talked about was having to form yourself a
research group.

Yes.

And what is a research group, assume I don’t know.

Well in constitution most people would say their research group is two post-docs, four
PhD students and if they’re very lucky a technician, I mean the numbers will change
but that’s the sort of thing we’re talking about, so you would recruit a number of
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research students, each research student would have their own project for their thesis,
but obviously they would be related through the sorts of – the field that one was
working on, and so they would be able to talk to each other so once you had a number
of them then it would be quite common to sit down round a table and have one of
them tell the others about their research either in a lecture or informally, go out to the
pub together and those sorts of things. Once you had post-docs they have a more
independent role so they will have a bigger – a research project, probably more
mature, and which they can run more on their own and they can also help supervise
the PhD students. So which – a well structured research group will tend to have some
post-doctoral fellows, researchers, and some PhD students and hopefully PhD
students at different stages so they’re not all writing their thesis and they’re not all at
the starting stage. So I recruited my first – my own as it were PhD student as post the
one I’d inherited from Geoff Allen in about ‘78 I think. And she was extremely
clever, she was physics, she’s actually the only PhD student I have who finished her
PhD early [both laugh].

Who was she?

The name – she was called Karen [coughs], I think her name was Bollins when she
joined me, she’d come from the physics department in Imperial. She subsequently
married a Chinese student who had been doing chemical engineering called Uli Ma
and so she’s Karen Ma and I’ve known her ever since. And we don’t meet all that
often now but, you know, for a while we used to meet regularly and play squash and
we had dinner together so I’ve known her a very long time [laughs]. And she was
probably one of the best I’ve ever had. And then my post-doc who joined pretty soon
after that was also absolutely brilliant and out of the physics department, so I was
incredibly lucky, the beginnings of my research group were very very good people
and that makes a difference.

Who was the post-doc?

A lady called Karen, Kay Nicholson who again had done a physics degree. She’d just
come back from doing a post-doc in Germany when somebody introduced her. I
knew some of the physicists in Imperial College, they were aware of what I was
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doing, I’d met some of them through doing experiments at Harwell together even, so
when she was looking for a post-doc people knew about her and sent her to talk to me.
And we were close enough in age to become very good friends, we went on a – about
two – a year or so after that, I mean the timescale, I was invited to another of these
Gordon conferences in a slightly different area, and by now I was rather more
confident [laughs], I mean I wasn’t – this wasn’t on polymer blends, it was on some
polymers, I’d been doing work with Americans who were visiting Imperial, and we
went together to the USA for three weeks. So I went to the conference and she stayed
with some old friends and then the rest of the time we went to Washington to the
Neutron Centre near Washington where we spent a week working with the scientists
there and we went up to – up into the Berkshires, anyway to a place called
Schenectady where GE, the GE the company is and their research group again, people
had been doing some research with me. So we actually travelled around for just over
three weeks and we had a ball, we had a – we really got on well, we had a great time.
We both enjoyed a gin and tonic at the end of the day’s work. I remember many
different parts of this – one – one of the places they put us up when we were working
in Washington, they found us a bed and break – well more than a bed and breakfast, a
sort of studio place so that we could – we could do a little bit of cooking in the room.
And so we walked to the local supermarket and after a while we realised people just
didn’t do that, you know, all these cars were going past and looking at us [laughs] as
though we were absolutely crazy. Then we took the car into Downtown Washington
at the weekends and on one occasion we made a mistake on the route, and I’ve
described this to people who know Washington and they know exactly where I mean,
and we got swept down a track into a dark area down by the river, and it was the night
time and as we went down and there was sort of the odd parked car and it didn’t look
at all salubrious, so I said something about – to Kay, Kay was doing the driving, I
said, ‘You know, we need to get out of here,’ she said, ‘My wheels are caught in the
tram tracks, I can only go straight ahead,’ and I managed not to shout at her [laughs]
and she got the car out of the tram tracks and we turned around and we got out and we
just sat there like that [both laugh]. Yeah, she was used to driving an automatic and I
wasn’t so I said she could do the driving and I would do the map reading but, you
know, it was – and then she – just to finish her story, she – post-doc with me for about
three years and we published some really good papers, really good having her.
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[56:15]

Then she went off and worked for Hirst GEC in industry for a while, and got married,
then she had a son and was off work for a little while looking after him. And then to
get back in she got – she got one of the Daphne Jackson fellowships which are
fellowships for returning – people who’ve had maternity breaks, of a longish period,
want to get back into science through doing a research project. And she got that with
another woman who had been my post-doc, we’re now jumping ahead about ten
years, who is now working in Brunel called Barbara Gabrys. So Kay and Barbara
worked together for two years, then Kay went and she decided not to go back into the
research, she got a job in one of the big London schools teaching physics and became
head of physics there. And then extremely sadly about five years ago she – she got …
myeloma I think it is, and at – she got a – an infection, flu or something and it gave
her pneumonia and she died. Just as suddenly as that and she wasn’t even sixty, you
know, like fifty-five I think, very sad. But, you know, so once you have students and
post-docs the other thing is your lives tend to entwine a bit, you know, you go on
seeing some of them. There was a period a bit later on when Imperial had an
agreement with the big university in Bangkok called Chulalongkorn, they wanted to
train more academics, so the – they actually sent their young people to do PhDs at
Imperial College, sort of as it were bought them – they were to go back to become
academics, and if you go to the chemical engineering department in Chulalongkorn
[laughs] there’s a board at the front that says where people got their PhDs and half of
them are [laughs] Imperial College, chemical engineering. And I had several of those
working with me, several of whom I’m still in touch with, I visited them once out
there, I see them at conferences so you – you tend to know where your people are and
you do keep in touch and you do see them.

How does one nurture a PhD student, if that’s the right word to use?

It is, it’s very interesting. You’ve got to start them off in thinking research, so you’ve
got to ask them questions, get them to come back with answers and – and quite
quickly set up some – help them set up some experiments. I mean in my case we
would apply for some experiments at Grenoble, they would do some neutron
scattering. The thing about Karen was that she’d come and shown me something
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she’d done and I’d make a suggestion and she said, ‘Do you mean something like
this?’ and she’s already done it [laughs], it was – I mean she wasn’t – she was like
butter wouldn’t melt in her mouth, she was absolutely sweet but she was very very
clever [both laugh]. Just as an aside I must tell you a funny story about her, all our
PhD students at the end of their first year had to give a talk in the department and
write a short report, and in fact until that point they had not been registered for a PhD,
they’d been registered for an MPhil and if they were good enough at the end of the
year they changed the registration, so it was quite a big, you know, hurdle, a life point.
And so – and of course a lot of our colleagues were not all that familiar with neutron
scattering [laughs] so Karen gave her talk and the person who was in charge of the
postgraduates and therefore orchestrating the talk and the presentation and the
feedback to the student, is a person who’s subsequently become quite a good friend
but he was certainly known for his sharp tongue. Anyway, he said to her, Anthony
Pearson was his name, he said, ‘Can you tell me what use any of this is?’ and she just
looked at him with big eyes and she said, ‘I’m going to get a PhD out of it,’ [laughs]
and she wasn’t being rude, she wasn’t – I mean just collapse – I mean, you know, it
was absolute truth but it was – it was so funny, I’ve never forgotten it. Anyway that
was – so nurturing, so to some extent it’s getting them to show you what they’ve
done, asking some questions and hoping that they can develop from that. And there is
a point, at some point a PhD, and you hope it’s nearer to the beginning end than the
end end where they – you realise they’re flying solo. And that’s the best way I can
describe it, they become driving it themselves, they know what they want to do.
Some of them absolutely never do [laughs], I mean that’s quite worrying, some it’s
rather dangerously close to the PhD oral but the best ones it’s sometimes probably at
the end of the first year into the second year when you realise they’ve got it, they can
drive it. They still need help of course but you’re helping them forwards.

[1:01:05]

Post-docs are different, I mean a post-doc you really have to give quite a lot of help
to, you want to – in my view you’re much more of an equal, you’re discussing how
you’re going to develop the project, you give much more autonomy to them, if they’re
any good. You know, you’ve got to be lucky and I was extremely lucky in my first
ones
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Were you ever unlucky?

Oh yes [laughs].

[Closed between 1:01:32 – 1:02:54 for thirty years until April 2042]

The other one was somebody who came to me from – again I’ll keep it pretty general,
a South American country as a mature PhD student who could not take the loss of
status of being a PhD student from having been a staff member in her university. And
who behind my back was very nasty to my students, I mean I never saw it but they
would come to me, some of them really distressed and say, you know, and I got to the
stage where when any of my students came to see me during those couple of years,
my heart – you know, my stomach cramped, I was – I knew something awful had
happened. It was really hard, and there wasn’t – I couldn’t find a way out of it, I
mean in the end she did just about get a PhD. An awful lot of pushing for me but that
was a nasty experience, that was the worst I think because it was upsetting the whole
research group. The – the [muted] guy it – it did have an upsetting affect, of course it
did, they were terribly worried about him, but they prepared to take that because they
liked him so much but – I’ve had one or two who were pretty close to not getting their
PhD, you know, because they had just – couldn’t quite write the thesis but I’ve never
had one that didn’t.

[1:04:10]

I was wondering as well, I mean what is your key sort of element of research at this
point, your key focus?

At that – sorry, what – while we’re talking about building up the research group?

The – yeah, at the beginning at Imperial?

Well I was doing – I was still doing this quasi elastic scattering, tracking – that’s what
I was doing with this terrific post-doc Kay, and we were using the new techniques,
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spin echo which we did talk about, and we were getting exciting results out of that.
So that was very much a key thing. I was building up my knowledge of polymer
mixtures, slightly reluctantly, I’d been sort of landed with the baby by Geoff Allen
going away. As this slowly developed it has become a really important part of what
I’ve done so I don’t regret it but it took a long time to get to the point where we had
theory that we could do more than just phenomenologically observe things. And
when it got really interesting to me was when we started using neutron scattering on
the blends and when I started to watch the process of this going cloudy, live as it
were. Because we could see it with light scattering but that’s looking at things that
are big, you know, the droplets if you like are the size of wavelengths of light, doing it
with neutrons we were seeing very much smaller objects so we were seeing earlier
stages in the process. And that happened towards the end of the ‘80s, that’s when I
really got to grips with both of those techniques. At the same time as this though I
had – it feels like rough, people coming from industry, people coming from other
universities, people coming from the States, who were interested in using small angle
neutron scattering in systems that they were interested in. And I became – I mean it
wasn’t that I didn’t become interested in them as well, there was a whole range of
things that we did on what are called ionomers, they are polymer molecules on which
occasional salt groups are attached. So you could take polystyrene and on one in 100
of the phenyl groups in the polystyrene you could replace one of the hydrogen’s with
a salt. So the half of the salt group that isn’t hydrogen or whatever it is, and it would
sit there. So it’s a chemical process. But the salt, the polymer would be soluble in
ordinary organic solvents, the salt is not – so the salt groups were trying to get away
from the – the solvent, and the polymer was quite happy in it and the process was that
the salt groups clustered together so you could get a cluster together of ones on the
same polymer molecule, or ones on different polymer – so you can imagine what
you’re doing is pulling together a whole lot of molecules with a knot in the middle
that’s the salt group. And it completely changes the viscosity of the polymer in the
oily material, and it was being used by people like Exxon to do things with their
lubricants, so I got involved with Exxon, they put money into my group, I worked
with a terrific scientist there Dennis Peiffer for years on the details of how these –
how these ionomers clustered and how they behaved and we were using neutron
scattering so that was a thread. Ionomers also make solid materials and there was a
group in the University of Massachusetts who were very interested in the solid
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 198
C1379/55 Track 8

behaviour of ionomers, one of them spent a sabbatical at Imperial just after Geoffrey
Allen went away, so he occupied Geoffrey Allen’s office, he was a senior scientist,
Bill McKnight and we had a great time with him. And he came again with questions
about how the solid ionomers behaving and again we were – I would design
experiments with neutron scattering to work on those. And – and so there whole lots
of those sorts of interactions came my way. There’s a guy from Cranfield University
called John Dawkins who was interested in stabilising little particles by adhering
polymer to the surface and again he wanted to know how the polymer’s behaving.
There’s a guy at York University who could make polymers into rings and he wanted
to know how differently the rings behaved to the non ring polymers, I could go on.
So all this was going on so lots of experiments, all of which were interesting questions
for me although I would not be seen as driving, the main driver in some of those, so
the questions that were if you like driving me, the polymer mixtures where I was
slowly getting to grips and realising what I could do and the quasi elastic scattering
we really did get some nice data out.

Could we pick up on just one of those examples of, you know, an outside group you
worked with, I was thinking maybe Exxon as it might be interesting to do an industry
one and talk through it in a little bit more detail, how does something like that
actually start?

[1:09:05]

[Laughs].

How did it start in this case, was it –

Well yeah, no that I can – I can actually remember, sometimes you can’t – I mean
sometimes – well let’s say for solid ionomers Bill McKnight had been invited by
Geoffrey Allen and was sitting in the office so we obviously started talking about it.
Both the Cranfield and the York ones they got in touch with me and said, ‘Can I come
and talk to you?’ the Exxon one was different. I was at a – there was a big
international polymer meeting in the University of Massachusetts in about 1984, and I
was an inv – I was a speaker there, I’d gone there to the conference and knew a lot of
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the polymer people in the States by then. And this guy Dennis Peiffer from Exxon
had been a student of one of the people I was working – had worked with in the
University of Massachusetts, he was at the conference, there was a drinks party one
night and A introduced me to B. B was interested in neutrons, this is Dennis Peiffer
and so we started talking about what we might do and he sent – I guess he sent me
some samples, I think he might have come across himself to do the experiments at
Grenoble. We quite quickly agreed that we’d try and get a research student – he
couldn’t give me a – he could wangle money up to a few hundreds or something – a
few thousand dollars but not, you know, huge amounts. There was a scheme that the
research councils ran which was called case studentships, it’s Cooperative something,
anything it was supposed to be with industry, so the research council would give you
the grant so long as you had an industrial partner who would put some money into the
process. And we thought with Dennis it would be nice to get a case studentship,
except Exxon was in the United States but he said, ‘Well we’ve got labs at Abingdon
in fact, as an Esso lab,’ you know, I mean Exxon is Esso. So we put in a proposal for
a case studentship, effectively basing him at Esso and we got it. So then I wanted a
student to do the work and I thought a chemist would be good at doing this so I
actually advertising this studentship in the chemistry department. And I’ve always
remembered this [laughs] because I then got an extremely snooty note from the – I
don’t know whether it was the head of department or the head of postgraduates who
was saying, ‘We do not allow people to recruit our own PhD students, our students,
we expect to recruit them ourselves,’ and I was incensed, I said, ‘Apart from this
anything else, this is totally against the interests of your students,’ but anyway this
young woman, Ann Pedley was her name, she subsequently married and is now Ann
Young, she applied, got it and she was again another very very bright student, she got
a first in chemistry and she worked on this project with the Exxon people. So she did
a bit more of the travelling than I did but we both did. They would make samples and
ship them out to Grenoble and every blessed time they’d get stuck in the customs, you
know, ‘cause there were boxes from Exxon with probably a large amount of
deuterated solvent, which of course is worth something but we had been told to put
nothing on. So it was always this will we get the samples in time, you know, going
off with forms for the local customs to get them, you know, they were terrific
collaborators because they would produce what was necessary for the experiments
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perfectly. They were very good scientists, I mean so they understood what we were
doing so we had a really interesting process of discussion with them and it was great.

What was the end result of that process?

A lot more understanding of how these things behaved, what they had was a huge
amount of viscosity, they knew that as you changed temperature, as you changed
concentration, as you changed the number of ionic groups how the rheology would
change and they knew it was time dependent. They didn’t actually know what the
individual molecules were doing, and that was the point of small angle scattering so
we were able to get a lot more information. And of course the other thing was Ann
Young got her PhD [laughs] you asked for, and some lifelong friends with the people
in Exxon.

[1:13:15]

It was interesting you mentioned that the start of your time at Imperial, you know,
there weren’t that many other women, how many were there?

Well the department had two or three, but in the undergraduates I can’t actually recall
the proportion, I mean it wasn’t zero but it was probably ten out of sixty or something
like that. Very usually the department had a female professor, I mean she was I think
the only female professor in Imperial College at that time and she’d been appointed to
the Kodak chair of interface science, Anita Bailey is her name. So that when I
became a professor in 1989 I doubled the number of female professors in Imperial
College [laughs]. There had been the odd one before, we had no medical school at
that point you see so it was all science and engineering, but yeah, not very many.

Is that the same in the student group as well or to what extent -

It depended on the subject, in biology there would be about fifty per cent, in chemistry
it’s changed over the years, now closely to fifty per cent of the chemistry students
would be women. In engineering it varies from about ten per cent in mechanical
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engineering to maybe thirty per cent in chemical engineering, in physics it’s about
twenty per cent so the numbers are still not very big.

Did the imbalance ever strike you as odd at the time?

No, I mean I’ve been used to it haven’t I, I went to Oxford and I was one of – we were
[laughs] total ten women of 200 doing physics, so I – I was just used to it, I mean to
the extent that it almost, on the odd occasion when there were other women around it
was strange. What I did find was when I went to conferences in the States like these
Gordon conferences there were probably rather more, not hundreds of women of my
age and we would get together and that was fun. I mean you have a different social
arrangement – relationship so, you know, just gossiping, just it was nice to chat to a
few women and we weren’t talking about women’s things, it was just nice to sit and
chat, you know, it was a different feeling. So that was very pleasant to meet those.

What was the interaction like with male scientists in comparison?

Well it’s perfectly alright, I mean it’s nothing wrong with it, it’s just women talk to
each other in a slightly different way and if you’ve got a group of women talking their
conversation is different than a group of men. And it’s not saying I prefer one to the
other, it’s just something that you didn’t often get in science and it was really rather
nice occasionally, and you might gossip about your new shoes or something, I mean
you know, just stupid things, but it was a different feeling and I didn’t have that group
in Imperial. Although Ann Maconnachie the lady who was the experimental officer,
she was there till about 1984 when she left to have babies, and – well she didn’t leave
but she stopped doing research, she became an administrator so she moved sideways.

Sorry, experimental officer, what’s that?

Well it was – she was employed to do research but not to teach and it wasn’t a formal
– I mean there was a scale called experimental officer but a department wouldn’t
automatically appoint anybody like that but Geoff Allen had said, ‘I want her in that
position.’ And she did a lot of – I mean she was doing – helping with the teaching
and everything and then when she had babies she just – but she had been doing
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neutron scattering as well, she just moved across to only doing – so she became the
department administrator and she’d run most of the things in the department until she
retired about two years ago.

Is there any reason why you recruited physicists as your first PhD student and postdoc?

Well because I was doing neutron scattering, and it was quite hard to persuade – well
first of all I wasn’t teaching the final year chem-eng students, so actually I wasn’t in
contact with them. It was quite a lot – I very rarely recruited our own undergraduates
into doing a PhD with me, it wasn’t – trying to think if I ever did, it just wasn’t
something that struck them. First of all not a lot of them did PhDs, the PhDs we got, a
lot of them came from overseas, the UK ones had usually got their mind fixed on
industrial careers and off they went and worked for the oil industry or something so
not many of them did it. The more academically inclined ones had probably been
caught up in this modelling thing, that’s what they thought was the elite end so most
of them would tend to go that way. So I probably did have the odd one but I can’t –
so I’ve had chemical engineers but they’ve usually been people who’ve come from
elsewhere to work with me, I had a lot of overseas students work with me.

[1:18:05]

I was wondering if you could talk me through what a typical day is like, at your early
time at Imperial in the ‘70s?

Well ‘80s let’s say ‘cause I only – I got there in ’76, so ‘80s. Erm … well I might
let’s say have to get in to give a lecture at 9:30, my – so that might be one or two days
a week. And probably a tutorial or two in the mornings, I mean the tutorials were
during the mornings so I might give three or four tutorials in a week, so the mornings
were probably to some extent structured around teaching, but not continuously, but
with the preparation for that so that would be there. And if I was doing any lab
supervision that would be in the afternoons but I’m not talking about every day so this
is in term time when I was doing some of these courses. Then I would – I would be
wandering into the lab talking to my – you know, just seeing what the students were
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doing, I’d – as I got busier later on and got a bigger group I would have a structured
interaction with the students so that I knew when each one of them was coming to me
and once a week we’d have a group meeting where we talked about what we were
doing in the lab, one person would talk about their work. And I’d probably at some
point have to sit down and mark some scripts or something, some lab work. Right
some grant proposals or sit down with the students and be structuring a research
paper. So it was very varied sort of day, during – I used to reckon, probably through
the ‘80s, that from October to June – no … probably not as far as June, October to
April, about half my time or more was involved in teaching, and for the other half
much less of the time. Now the amount of teaching and admin grew, particularly the
amount of admin, it got to the point where when – when did I have time only to do
research, if I was lucky August. I mean seriously there was so much – well for a start
I got involved in committees and we haven’t talked about all the external things so
there were internal things in Imperial but by the end of ‘80s I was doing – I began to
get into both administrative jobs outside the department in Imperial and big
committees in the country which therefore took me out from research. And of course
if we were doing an experiment in Grenoble we had to drop everything and go off for
three or four days to Grenoble. So as I became busier then it became important to use
the post-docs to help structure the group, it was – there was a period in the ‘80s where
I got no research grants, therefore had no post-docs and I had eight PhD students, and
that was very hard because there wasn’t a – a sort of lieutenant to help run the group.

[1:21:00]

I was interesting earlier when you said that the number of actual staff you had
compared to students, the ratio changed in the favour of far more students to not that
many staff, why did that happen and when?

Funding largely, I mean first of all I guess we could, i.e., the students were applying
so, you know, there was the possibility of doing that. There was a big change from a
three year course to a four year course and that was to do with the top engineering
courses, it was thought that to get people to do engineering and to do a certain amount
of transferable skills during that time so that they could be engineers then four years
was necessary and there was funding for four year courses so our department just ran
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a four year course, so that immediately puts thirty per cent more students there. The
numbers were creeping up because they were applying and so we sort of accepted
them. The staff to some extent it was could we afford to recruit them so people would
retire and we didn’t quite keep up with recruiting new ones. So it didn’t go down
hugely but it certainly dropped a bit. So all those things just came together and the
‘80s, the funding for universities was very tight, as I say I didn’t – I didn’t get a grant
for quite a long time. And generally speaking, even in a top research based university
you can’t make the books balance unless you teach a reasonably large number of
students, I mean it just doesn’t work. The algorithm that HEFCE’s using. What will
happen now with the fees I don’t know [laughs] and fortunately it’s not directly my
problem. But then, if you did the – if you did the maths you needed a reasonable
number of undergraduates in order to – and quite a reasonable number of PhD
students in order to balance the books so that you could keep that many staff and run
the department and the facilities.

Were there any sort of – as the sort of funding situation tightened in the 1980s was
there any sort of dramatic moment or was it a gradual process from your point of
view?

I can’t remember a – a dramatic – I mean I can just – my sort of personal experience
of university life is the only time when funding was relatively, relatively easy was
during the ‘90s when – when the Blair government come – I mean they – between –
when the Blair government came in, they actually for the next ten years, particularly
they did put a lot of money into research and universities, and the infrastructure, so it
was a period of increasing funding. The rest of the time it’s never been particularly
easy to get but during the ‘80s it just was quite hard. So I’d have my first research
grant, got another one with post docs on it, which probably took us up to about ‘86
and then there was this period of time where I just didn’t get any post docs for a
while.

What do you actually have to do to get a research grant at this time?

Well you had to write a research proposal, you had to write a research proposal which
it was eas – in some sense easier in this country than the US, I occasionally refereed
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US ones and they seemed to be young novels, whereas we were limited in page length
and everything else. But you had to think out a research project, you had to think out
how you would deal with it, you had to make it exciting enough that they wanted to
fund it, and you had to cost it. So it was – it was not a trivial thing producing
something that could convince a panel. Then those – those were put to panels by the
research councils and the panels would grade them, alpha, beta, gamma [laughs] off,
and there’d be alpha plus and alpha minus, and I kept getting for that three or four
years, kept getting them back saying, ‘Alpha minus just missed the funding cut off,’
you know [laughs], it was very frustrating, but. So then what you might do is you
might get it back with some criticisms from the referees and then you could answer
the criticisms, you might get it back saying, ‘Yes we’re going to fund it,’ [laughs] or
you might not. And when the funds were relatively flush, so they were – I chaired
some of these panels later on, used to reckon if you were going to fund upwards over
thirty per cent of the grants that you saw, probably it was a workable – because thirty
per cent of them would go away and they would rethink them and they’d come back
better, thirty per cent you probably didn’t want to fund anyway and thirty per cent you
– once the numbers got below thirty per cent it became a lottery, it was just too
difficult. There were too many things that you could fund and so it would depend on
the – if I say whim, I don’t mean that pejoratively, just the, you know, the feeling of
the particular panel that had been assembled. At the moment I’m afraid for young
researchers that’s the way it is.

Another things of academic life publishing as well, I was wondering about was there
much pressure on you to publish or was it -

When I was first there not a huge amount, I mean to some extent academics have to
be self driven, I mean you know you – nobody in their right mind would write a grant
proposal that’s going to be rejected and then write a paper that’s going to be [laughs]
– you know, you’ve got to be self driven. I always wanted to publish the papers
because it was a way of completing the piece of work, puling it together, getting the
answer there, getting it out there, so publishing was an important part of the whole
process? The pressure to publish would have increased but I don’t think I was ever at
the level of publishing that I would have particularly felt pressure, I mean I was
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publishing faster than that would have been a problem and most people in a place like
Imperial would be, it wasn’t a huge deal.

[1:27:00]

What sort of place is Imperial to work at, you mentioned at the start you felt a little bit
like you were on your own and isolated?

It’s quite a tough place, I think I had my own support networks, I did know people
there, and, you know, happy family around, all the right things. And it was – it
became steadily a friendlier department, I mean you know it was a good department,
had been a good department to be in anyway, from the point of view of working
collectively, supportively and all the other things. But it is a tough university, when
Ron Oxburgh became rector which was about ‘90, ’91, he said, ‘This is a shirt sleeves
university,’ and what he meant is people roll their shirts up and get on with it, you
know, it’s not a fancy dressy place, he’d come from Oxford so, you know, [laughs] he
somehow had a different view from that. No, he wasn’t criticising us for that. When
I was first there it was a collection of individual departments which were almost like
moated castles, I mean they protected themselves and they didn’t do a lot of speaking
to each other, sometimes two halves of the same department didn’t speak to each
other, chemistry department was divided by war, you know. And it had a relatively
small central administration so it had the rector, it had the college secretary, I guess it
had the registrar and, you know, this is a small amount, I’m told that we didn’t
actually even know what buildings we owned, I mean, you know, i.e., where all the
property that the college owned. The actual central part of the college we didn’t own
the land, we don’t own the land, it was owned by the commissioners of the great
exhibition along with the Albert Hall and everything else, so when people said, ‘Why
don’t you move out of London?’ we can’t, you know, which is quite useful, you don’t
have to argue. So there were these individual departments, you didn’t – I mean I was
quite unusual in having the friends in physics and I hardly knew anybody in chemistry
and some in the other engineering departments where the polymer people were but it
was very as I say blocky. Somebody said to me, ‘Imperial’s good but it’s not as good
as it thinks it is,’ and I think that was probably a fair statement. I would say for some
time it’s probably been better than it really understands of itself, you know, it’s
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become very good, so that was all the way through up till the ‘90s, that was the way
the college was. And I – but inevitably there was more pressure on communication
between departments. There was a certain amount of communication because we had
– we didn’t have faculties but we had three deans, and they were – their patch was the
nearest thing you’d get to a faculty so there was a group of the engineering
departments and that was called City and Guilds College. And the reason it was
called City and Guilds was because it grew out of the central – I think it was called
the Central Institute which had been funded by City and Guilds of London, Institute to
Produce Elite Engineers, so when Imperial was formed that was one chunk of it.
Another chunk was the Royal School of Mines which came into it and contained –
well there was then some mining but things like materials and geology and so forth,
and then the third part was the Royal College of Science which had grown – which
was the science department. And those three, the – so they each, there was a dean that
looked after those and I in about 1991 became dean of City and Guilds, so dean of
engineering. The deans didn’t have administrative, we didn’t have budgets, partly
because some previous rector had argued with one of the deans and so they stripped
any budgetary powers from them [laughs], but what we did do was quality assurance.
So we dealt with appointments, we sat on appointments panels and we did the whole
of promotions process for academic staff which was a big job, because we had to look
at all the submissions for promotion and interview all the staff and so forth. So that –
so that – so that was the nearest thing we had to an interdepartmental structure was
that. But I can remember there was an education committee and if we want – if
anything – if it was thought it might be interesting to do something in terms of, I don’t
know, have exams or something to do with education, any department that didn’t like
it just used to send – come along in mass and vote it down, there was no mechanism
for making – you know, so there were – the people – some people who are cynical
would say there’s been a proliferation of middle management ‘cause we’ve got prorectors for this and pro-rectors for that, but basically they’re all there to have an
overview of the whole system, and to try and produce cooperation and collaboration
across different bits. But it wasn’t until 2001 or ‘02 when Richard Sykes became
rector that we formed faculties and no – as I say that was the – and then there was a
real administrative budgetary division and he just came in and said, ‘I’m not having
twenty-five departments answering to me directly, it’s not possible.’ By that stage we
had a medical schoo,l which de facto was effectively a medical faculty so made – I
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mean one – but one suggestion was, ‘Well we could pull all the rest of the colleges
and second faculties so we could have medicine and not medicine,’ and that didn’t
seem terribly sensible [laughs]. But it’s still shaking in this faculty structure.

When did you actually have to get involved in that sort of sitting around university
committee’s level yourself?

Towards the end of the ‘80s, the … then rec – there was a position, two positions in
the college called college tutor and they had an overview of the whole welfare system,
so the wardens in the halls of residence, the senior tutors in the departments, and the –
traditionally they’d have one man and one woman in that role. And they are – the
then rector asked if I would be the tutor – what was I called, no not senior tutor,
college tutor for women, I said, ‘I’ll be a college tutor but not for women,’ you know,
so we just have two college tutors. And I did that for a couple of years and that
immediately put me in a whole lot of college, I’d probably done other college wide
things before to do with education but nothing as big as that. Then I became
promoted to professor in about 1989, ‘90, and quite quickly afterwards I was asked if
I would be dean of the City and Guilds and that was complete, you know, I mean that
really did give me a big college wide role and a lot of work to do. But also much
more contact with what you might call the civil service in the college so the registry
and the HR department which had to organise this were then supporting us doing the
promotion rounds and things so it was a different interaction with the college and of
course with the other deans and with other senior people and with the other
engineering departments.

How do you think the sort of balance of what you were doing actually changed over
let’s say from when you first started in the – up towards the start of the late – around
1980 [laughs], say maybe a decade later when you became a professor, you’ve sort of
got different sorts of activities, there’s teaching, there’s research, there’s the
administration stuff, what was the balance like at these two different points?

[1:34:46]
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Er … well I was probably working at thirty per cent longer working day by then
[laughs], I mean I’m not saying I wasn’t working at the beginning but, you know, I
certainly worked long hours. I didn’t work at the weekend because my partner
George, I mentioned George Stirling, I only saw him at the weekends so I will work
extremely hard during the week but the weekends were mine, so that was probably
part of it. I would rely much more on my research group looking after themselves or
at least the post-docs being involved internally. Because it wasn’t just the college
stuff, I was by that stage on national committees. The one thing I omitted which was
a great committee to be on, when I came back from Grenoble very quickly after that
the UK, the Rutherford lab, the UK research councils had decided they would build a
source of neutrons for themselves, not to react to this pulse neutron source called ISIS
that we have mentioned, and they set up a science advisory committee and almost
from the moment I came from Grenoble I was on that, and I was on it for eight years.
So we were advising them on the apparatus that should be there, so it was great, as a
young lecturer again I was in a national context from the very beginning. And they
got the first neutrons in 1984, so that was about when they disbanded that advisory
committee and set in a new one. And then by the end of the ‘80s I was on panels,
committees for SERC, some time … get these things right, some time around about
… erm … the early ‘80s I chaired one of their committees which was the polymers
and composites committee so it was the committee that would give out grants in the
whole area that I worked in. And that was quite an interesting thing to chair, they met
twice a year, they had to look at all the grant proposals and so forth, so that was quite
a big job. In the midst of all that there was a – there is an annual conference, a
polymer conference, it always used to be called the Morton-Hampstead conference
‘cause it was held in Morton-Hampstead in Devon, and five years ago or moved to
Pott Shrigley in Derbyshire but is still often called Morton-Hampstead [laughs]. And
it was – it was a rather cliquish conference that had been put together by the polymer
people, that they met once a year and they ran it a bit like a Gordon conference in a
big hotel and long talks. And for the first five or – eight years, back in the country, I
never got an invitation to it and the male colleagues in polymers did, and I thought
this was – anyway about mid ‘80s the organiser of the meeting invited me as a
speaker and I think I may have been the first female speaker, quite quickly after that I
was fingered to become secretary of the conference and it was because the current
secretary disappeared and I said, ‘Well alright, but you have to pay me some money
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so that I use one of my post-docs to help me run it,’ you know, I pointed out that I just
didn’t have the time. But that was very interesting ‘cause suddenly I was in this very
inner group running the annual conference, it wasn’t a huge amount of work, I mean it
was a reasonable amount of work but not a huge amount, but it was again becoming
much more senior in the field, in the country. So I was doing the SERC committees, I
was running the – well the Morton-Hampstead committee. And what was good was
that after about three years – that was it, after about three years I was asked if I would
chair the polymers and composites committee of SERC, and I said to the polymer
people, ‘Look I will chair the polymers committee, but I’m not going on running your
conference as secretary, find somebody else,’ and actually I made a suggestion and
somebody took it over. But the splendid thing was that they kept me on the
committee [laughs] so I stayed on the committee for the next, I don’t know, fifteen
years or something so that worked out quite well [both laugh]. So I was becoming
involved at a national level in the subject, at a national level in – in running science,
and all this was going on, you know, while I was running things back in the ranch.
And therefore obviously I did a lot less of the sitting there plotting data and
calculating things than I would have done before and my post-docs and PhD students
did a great deal more. I did less of the going to Grenoble or Rutherford and doing the
experiments, and they did it. And actually it was very good for them, I mean yeah, I
didn’t happen – when I was young I did the experiments myself, it’s good for them to
do it. I had colleagues who said, ‘Oh I couldn’t let them go on their own, I have to go
with them,’ and I knew perfectly well it wasn’t that they didn’t trust them, they just
liked being there.

Did you miss doing that research?

A bit. What I – never hugely missed doing the experiments but I missed that lovely
time of sitting down with a desk full of data and ploughing your way into it and
suddenly seeing results come out, you know, patterns from the data, and I miss that.
But, you know, you can’t do everything. And I do do it a bit, I mean it’s still part of
the life, I just don’t do as much of it. It’s a rather peaceful job actually [both laugh].

I think we should talk about all these committees on another day but there is one sort
of final question for today that occurs to me now, which is I was wondering where
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you’d actually situate yourself in a field as it were at this time? You’ve mentioned,
you know, the polymer people as if they’re something else yet to some extent, you
know, some may see you as a polymer person, you talked about the physicists and the
chemists, I mean where do you fit in this, what would you actually say you were?

I was seen as a polymer person, I mean I was part of that group and from the moment
I started really being involved in Morton-Hampstead I was right at the heart of it. I
probably have been known reasonably well before but for some, you know, because
there were plenty of other places where I would have known people. I was known as
a neutron scatterer, I mean there was no doubt about that, that’s the thing that I was
known for, neutron scattering and polymers and that’s what people knew about me.
Erm … I’m losing my thread, so yeah how did I – I did not see myself as a physicist
or a chemist, not in the sense of I would have been happier in a physics or chemistry
department. In fact by that stage I was really quite happy in chemical engineering
[laughs] because it was different. Polymer scientists were always orphans in the sense
that the polymer science doesn’t particularly belong in chemistry or in physics or in
engineering, and it was a new subject, so you could find such people anywhere.
There had been a period in the ‘70s where there was a lot of polymer chemistry in the
country and it was in chemistry departments. There was a period during the ‘80s
where polymer physics became important because there were new theories from de
Gennes and Edwards and their – particularly Edwards’ students were spraying out
around the country. Engineering of polymers was never particularly important in this
country but it was in many of the universities in the States so I knew people with
engineering backgrounds and the people who came to me with the question about
rheology I could look at the molecules, they were understanding the viscosity. So I
would have been – I’m pretty sure my people would say she’s a polymer scientist who
uses neutrons and that gives her a unique, you know, thing. And they wouldn’t – I
think I felt more at home in the physics community than the chemistry community,
but that was partly because of the way I’d grown up, but equally I was chairing
committees for the Royal Society of Chemistry. So I mean I really was a hybrid being
[both laugh].

[End of Track 8]
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[Track 9]

Julia, I was wondering if we could talk about – leading on from what we were talking
about last time and working at Imperial, but talking about your book which came out
in 1997 on polymers.

Well it wasn’t polymers generally, it was polymers and neutron scattering, and that’s
quite important because I wouldn’t have set out to write a general book on polymers, I
don’t know enough generally [laughs]. I think all of us get plenty of letters from
publishers saying, would you like to write a book on this that and the other. And I
knew that if I ever wrote any book it would be neutron scattering as applied to
polymers which is sort of my work, my career. And I eventually agreed with Oxford
University Press that I would do this. I can’t remember exactly when it was but it was
quite a long time before it was published [both laugh]. And then of course I set out to
plan out what would be in it. What would be in it wasn’t too difficult because I
wanted all the different techniques that would apply neutrons to understanding
polymers, but exactly what level, and I became pretty clear that I was – I was writing
it for research students and post-docs. I wanted – I didn’t want to write a really
learned treatise, I wanted to write a practical manual, people able to use it and do –
use the technique. I guess in about the first three or four years I managed a chapter
and possibly a second chapter [laughs] and I realised it was going to take forever, and
I did a bit of self analysis and analysis of what was getting in the way of it. And what
was the getting in the way of it was always something which involved other people,
so papers with my students, with my post-docs, with my overseas collaborators, so I
thought, in order to get this thing done I need a collaborator. Because then not only
will they do half the work but equally it will suddenly come to the top of the pile.
And after – I wrote to my old friend and collaborator Henri Benoit, we’ve talked
about Henri, I was his post-doc many years before, and I knew that he like me knew a
great deal about the application of neutron scattering to polymers. Not the same
things as me, we’d done different things subsequently. And I wrote him and said
would he be interested and he said, ‘Well send me an example of what you’ve been
doing so far and explain what you might do,’ and he came back with some
suggestions about what we might put in it. We went backwards and forwards two or
three times. And then I’ve never forgotten this, he sent me an email in which he said,
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 213
C1379/55 Track 9

‘Je suis pris en jeu,’ I’m caught in the game, i.e., I’m on, we’re on, we’ll do it. And
from then on it probably took only about three years to finish what we were doing.
Piece of good luck, he retired at about that point, so he had a lot of time to devote to
it, he had been director of a lab in France so – which we have talked about earlier, the
Centre for Research in Macromolecules, so he had a lot of time to put into it, so that
was – really pushed me. Also I hadn’t – probably hadn’t quite grasped how much of a
mathematical and theoretical person he was, so the pieces that were mathematical and
theoretical, the backgrounds to the scattering were immensely strengthened by having
him write those chapters, and I wrote the experimental chapters. And we got on pretty
fast then. It really came to the top of the list, it was the thing I was working on. We
would exchange things by email, he was getting into using work – well he was
actually using an Apple, so he was getting into using a computer for writing, I
couldn’t – I had – at that stage I just had not got good enough at typing so I hand
wrote everything and then had my secretary type it up, but we exchanged chapters
back and forth. Not by email, I’m pretty sure that pretty well everything went as hard
copy ‘cause in the mid ‘90s email and attachments, it – well also of course it wasn’t
on both computers so that’s what we had to do. And then periodically we’d meet and
usually we’d meet in Strasbourg. His – he had a – a sort of like a studio flat as part of
the flat – block of flats in which he lived and I would go out and stay with him over
the weekend and we’d spend some of the day, most of Saturday perhaps or some of
Saturday and some of Sunday, working on the book and then we’d go for walks
around Strasbourg and go out for meals with his wife. And I say to people, ‘It must
be one of the very few people where writing a book in English actually helped my
French,’ because in the evenings we were talking French and his wife was a teacher of
philosophy I think in the Lycée so I mean she – she could speak English but whatever
we were discussing we were discussing in quite hard French so, you know, it was very
good for my French [laughs], but it was a great time, I really enjoyed working with
him on that. I also carted it around the world, once we got to having chapters to
correct, ‘cause he’d send me chapters, we’d send them back and forth, I can remember
sitting in all sorts of places, in parkland, in gardens, correcting bits of the book. So I
can remember sitting in the castle grounds in Bratislava, I can remember sitting in
Monterey seaside park, I can [laughs] Vienna, I can remember sitting in a park in
Vienna just going through pieces of this book, so. And eventually we got it together,
came a question of figures, drawing figures for the book because again I – it was just
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the beginning when people were drawing things on computers and I wasn’t very good
at this, so I had – I had old – all the figures for old papers which I could copy or I
could copy things out of journals, but I had figures that needed drawing and my – my
eldest nephew was between school and university and I actually hired him for a few
months in the summer to draw the figures for my book [laughs]. And so those chapter
figures were mostly drawn by him to my design, so [laughs]. And eventually it was
published, and I – I was quite pleased with it. Fortunately there was a second edition
where we could go through and correct all the errors that had crept through [laughs]
and people have talked about writing another one and I’m just not interested [both
laugh]. One book is quite enough. One thing I forgot is when we set out to do it,
Henri Benoit said to me, ‘I could write in French and you could translate,’ and I said,
‘No,’ [laughs], even if his English wasn’t perfect, and I knew his English was pretty
good in terms of scientific papers, the thought of actually translating from the French
would have doubled the work, so [laughs]. He was always keen that we ought to have
had a French edition but, you know, we never got around to it and he sadly died two
years ago, in his late eighties so he had a fairly good innings.

[06:50]

Why do you think it was important to write a textbook?

‘Cause there wasn’t one, I had nothing that I could give my students, and post-docs,
only papers or reviews I’d written or sit down and go through things with them.
There were – there were – in my view there wasn’t – there weren’t very many good
books that were even beginners guides to neutron scattering, and most certainly not
beginners guides to neutron scattering from polymers. It’s a fairly new technique.
When I was doing my PhD, which granted was twenty, thirty years – twenty years
before this, maybe thirty, there was no textbook, what I had was a translation
somebody had made from a Russian book, Turchin I think was the author and then
one book came out which was neutron scattering but most of it was about detector and
reactors and where the neutrons came from and how they behaved, relatively little on
how to apply it to polymers or whatever. And then actually the sorts of equations we
needed, the modelling we needed had been developed in papers over the subsequent
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years so there hadn’t been a point where anybody would sit down and write the whole
thing down.

As well as writing the book you talked last time about the number of committees you
started to become involved in in the university and the increasing administration
responsibilities, I was wondering how much time did you actually find for research
from that point on once life turned into –

Well less. During – from the time when the book was published I was still running a
reasonably large research group, I was prob – doing less hands-on, I would not go out
to Grenoble with the students and do the experiments but that was probably better for
the students. Frankly, I think they need their independence so [laughs]. But I was
still running a research group really of a reasonable size up until round about the year
2000 or so, when I became involved in some really large scale committees. I don’t
think I’ve ever stopped doing research but I’ve stopped doing hands-on research, and
in most recent years what I’ve got involved with is collaboration with some of my
younger colleagues where they want me to talk about the results, which is always the
fun bit anyway, and a colleague, a very good colleague in Dartmouth College,
Hanover, New Hampshire, with whom I’d been working for maybe nearly ten years
now. I had met her and in the early 2000s she approached me about possibly coming
to do a sabbatical at Imperial, and we looked into that and then the original plan was
she and her husband would both come with two small children who were probably
six, seven ish. And then her husband couldn’t get away at that point and so she could
only have come for short periods and we actually wrote a proposal to the research
council, which I call a dotted line sabbatical which said, ‘She will come six times
during the year for two weeks, and then go back again,’ and that’s what we did and
that worked brilliantly, and we’ve been working together ever since. She’s a
theoretician, she had models of the way that polymer blends would behave. I had
even at that stage, twenty-five or more years worth of experimental data on polymer
blends, she wanted to sit – I had never been happy with the models because they had
too many parameters, as far as I could see you could fit them to the data but they
never explained anything. She convinced me that it would be worth using her model
which had got rid of a lot of the variable parameters by using data to fix things before
you came to the blend, using data on the pure polymers to fix things. And fairly early
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on as we worked together, I could see that patterns started to emerge in the parameters
that we were extracting. So there’s something called the mixing parameter that told
you how well the two polymers would mix and very quickly we started to see patterns
in that. Now to me that meant it had some sense to it, if when you take a model and
fit it to data you get just a whole table of numbers that have no relation to each other
then it hasn’t told you anything. And over the last, well it’s nearly ten years now I
think, we’ve just developed this application and it’s – well we got a paper accepted
this week, it’s really, you know, it’s great and we’re getting closer and closer to really
understanding more about blends by taking a good model and fitting it to mostly our
data but also data in the literature. So you see I’m not detached from research but this
does not require me in a lab day by day.

Who’s the collaborator?

Oh Jane Lipson, she’s a professor of chemistry in Dartmouth, Dartmouth College.

You talked about looking at the results and talking about the results as being fun bits,
what’s the fun – what’s the fun in that?

Oh sorting out a – I mean it’s probably a little bit the same as solving a crossword
puzzle or a jigsaw puzzle or anything else, you see the pieces, you’ve had questions in
your head about why something is happened and suddenly the pieces begin to fit
together. Then as you – as usual in science you make some sort of hypothesis about
what the final picture is going to be and then you find the next three pieces don’t fit
and so you change it, but it is – it’s solving the puzzle, to me anyway. So if you like –
or if you like right at the very beginning I probably said, ‘Why do I like research,
because I am always asking why,’ okay, so it’s getting some of the answers to why.

[12:27]

You talked about this improved model and I was just wondering, you know, as you
improve a model what’s the ideal end result from that process for you?
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Well you want – you want – a model will have so called parameters in it, things that
you can fiddle if you like, fiddle around with, in order to make the – the line or the
curve or whatever it is the model predicts fit the pattern of your data. What you want
is the – as few as possible of them, and as many as possible fixed by other
experiments, not your experiment. So – so what her model does is take the data
which has been measured for the pure polymers and extract two or three parameters
from it, from those, and then look at the blend and use the things that come from the
pure polymers and in fact only allow one other variable parameter in there. It’s also a
better model because the way the maths is written down it fixes some of the things
that hitherto had been floating. So for example if you mix two polymers together,
very frequently the result of mixture has a smaller volume than the sum of the two
pieces, so it’s a contraction when you mix them together. And – or has an expansion,
but either way there is change in volume. The original simple theories not have that
written in, so the parameters had to account for that. If you like they were putting
things in there which – which weren’t really part of the picture but it hadn’t been
written into the model. It is also true that quite often the polymers don’t mix quite
randomly, there is a certain affinity between a piece of one polymer, a piece of
another polymer so they like to be next to each other, that takes a bit of randomness
out of it. She had a very simple device of what is called a boltzmann factor, but it
doesn’t really matter, that allows the possibility of their being non random mixing, so
by putting in every piece of physics that she could, that she knew was happening, she
removed some of the portmanteauness of the parameter, which was – sits in a lot of
the other models.

[14:50]

I was thinking as well, we’ve talked – I suppose roughly about the time that you’re
elected to the Royal Society as well isn’t it, in the 1990s, how did that come about?

Well [laughs] … to be elected to the Royal Society you have to be proposed by
people, that’s not impossible, people propose everybody. But on the whole you don’t
want to be proposed and people don’t want to propose you until they think you might
get elected, it’s a waste of everybody’s time. The way the Royal Society works is
once the proposals are in, and you can be proposed at any stage, each year they have a
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sequence of meetings. They have ten committees that cover ten subject areas, one of
them being chemistry, one of them being physics, one of them being environmental
work for example, so they have a huge variety, one will be maths. Those ten
committees sift through the proposals they’ve got and pick out a subset which they
will send out to international referees, people at the level of being fellows of their
academies, either in the UK or somewhere else. They collect those back together,
eventually each of the ten panels will propose four or five people they would hope to
be elected that year, then the whole council of the Royal Society meets and puts all
those together and comes up with a list for the year. Given that each panel has
probably got sixty or seventy people on its list for the year and given that maybe three
of those are going to be elected you can see not a high chance. However, there is a –
one saving grace, your proposal, you’re being proposed stays alive for seven years so
you don’t drop off after one go. And then so in fact it was at the time when I was
being – I was going to be put forward for professor in Imperial College and I had to
find a – suggest referees and I asked Sir Sam Edwards whom we have mentioned back
in this history who is a professor in the Cavendish in Cambridge if he would be a
referred for me, so that was probably about 1988, ‘89 and he said, ‘Yes, of course,’ he
knew me through the work we’d done on neutrons and polymers. He said, ‘By the
way, has anybody proposed you for the Royal Society?’ and I said, ‘No,’ and he said,
‘Would you like me to?’ ‘Well that’s very nice,’ so he did, now then it just sort of sits
there and you don’t really know what’s happening. I got a little hint in the last year
from somebody I knew on one of the panels but you’re not supposed to speak to
anybody but all this person said was, ‘I’m looking – I’m feeling slightly optimistic,’
or something, you know, just a little bit. And the – at that point you – you always
weren’t supposed to know you’d been proposed, now you had to ‘cause you had to
provide the data, you certainly weren’t supposed to know. When the council met and
came up with its list, that then had to be sent to all 1,000 and something existing
fellows, and until they’d agreed it wasn’t certain. Now very very very rarely would
that list from the council be overturned but it had on occasion happened that
somebody dropped off so it was supposed to be deadly secret that you weren’t told
until the final point where it was agreed. But of course people start whispering things,
once that council list is out people start whispering things. Now you actually get an
email from the Royal Society saying, ‘You are on the council list, you are not yet
elected but you should be aware that you’re on the list a maybe,’ you know, so it’s a
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lot more transparent but then it was all whispers. So I’d been to Japan for three weeks
and I came back from Japan, I can still remember it vividly [laughs], on a Sunday
morning there was a phone call from a college at Imperial College, not one I knew
terribly well but he was on the Royal Society Council and he said to me, ‘You should
be aware that you are on this list,’ at which point I sort of went through the roof,
‘partly,’ he said, ‘‘cause people will start making cryptic comments to you, you know,
you better be aware of it,’ [laughs] and you’ve got five weeks where you think, can
they overturn it or whatever? But I can see myself standing there, I can still
remember the phone call, absolutely wonderful. I mean the – yeah, as a scientist there
aren’t many better bits of news you could have.

What did it actually mean to you to be elected to the Royal Society?

I think it was the highest point in my profession I was likely to get to, as far as I’m
concerned about the only other thing I could do would be a Nobel Prize and that
wasn’t on the cards [laughs]. However, I could say something else. In a certain sense
it meant I felt untouchable, I had – I was a scientist, I was clearly a successful scientist
and being untouchable isn’t quite the right word but I sort of felt, okay, people do
believe you’re a good scientist [laughs], you know, you’re really there. It also
probably encouraged me getting involved in Women in Science and things like that,
sort of the more social aspects which I’d probably put on hold while I was being a
scientist, I don’t know whether you want to talk about women in science, is that a
good point.

Yeah, I’d like to move onto that in a moment but untouchable is an interesting word,
sort of suggests you hadn’t felt untouchable until that point?

I think everybody in science feels a little bit vulnerable, I mean, you know, I’ve said
this before, you’ve got to be crazy, you’re constantly putting yourself up against
failure, you might not get the grant, you might not get the results, you might not write
the paper, you might not – so although all those things were still there there was some
big star at the top, it was sort of about the going back years before, getting your DPhil,
getting your PhD is sort of a, gosh, I’ve got something, you know, there’s something
really there.
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[20:45]

And what does a member of the Royal Society actually do once they’re elected?

Well the cynics will say elect other members of the Royal Society [laughs] but
actually the Royal Society runs an enormous range of committees to do things, apart
from the committees to elect them, the new members, it has a council which sort of
have an overarching view of policy so – but almost every member as soon as they’re
elected will be asked to do something to get them involved and it might be something
I was on quite early on, something called the Hook Committee which only meets once
a year and looks at proposals for discussion meetings of the Royal Society but it has
to be looked at. You might be asked to referee grant applications, people can apply to
the Royal Society for small grants to travel or to do other things, you might be asked
to referee or judge those. Bigger jobs you almost certainly get involved in one of
these ten sectional panels quite quickly, or you might get put on council. Now what
happened to me was simultaneously I was asked to be on one of the panels and on
council so I was on council, not on one of the panels. I’m one of the few people
who’s never been on one of those panels [laughs]. But I know how they work
because members of council attend the meetings of panels as observers so you go
along and see how the panel’s working, even if you’re not a member of it, and I did
that quite a lot.

[22:18]

So being on committees, being on working groups and I’ve done a lot of that in my
time. Do we want to go as far ahead as being foreign secretary?

Yes, that might be a nice focus.

‘Cause that, so I was on council for a bit and then about 2000 I was asked if I would
be a candidate for foreign secretary. And I should just say how the Royal Society
works, it has president and four vice-presidents, each of which has a title which
describes the role they do. Two of them, one’s called the physical secretary, one’s
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called the biological secretary and they look after issues in the area of the biological
sciences and the physical sciences, one’s the treasurer and one is the foreign secretary
and this was for the role of foreign secretary. Each year on so called anniversary day
which is the 30th of November, one officer stands down and a new one comes in, so
there’s an election for one new officer each year. This year we just had a new foreign
secretary come in so that’s five years since I stopped. So I was asked by Bob May
who was the then president if I would stand to be foreign secretary. Now five or ten
years previously there’d been quite a lot of news in the newspapers because Ann
McLaren had become the first ever female officer of the Royal Society and I’d – and
she was foreign secretary and talked about the role and I remember thinking – that’s
before I was even a fellow, ooh that’s a job I’d love to do so when Bob May asked me
if I’d be interested I didn’t have to hesitate, I said, ‘Yes, I’d like it,’ and I was elected.

What was the attraction of the job?

Well it’s very interesting to be one of the four vice-presidents because you’re right in
the heart of running the Royal Society and the president and vice-presidents really are
the core of running the society because they’re there, they’re not full time, in fact
they’re not paid for their time because there are administrative people, like chief
executive, etc, but nonetheless they’re there the whole time, they’re running all the
and discussing all the issues so that’s interesting. And as foreign secretary you – it’s
literally what it says, you go out and meet the scientists, particularly the academies
and the academicians in other countries, when there are international meetings of
academies you’re there representing the Royal Society. And it’s very interesting. At
times it’s a bit – must be a bit like being royalty, you know, you get tired of cakes to
eat, you could do with something a little bit more nor – ordinary, you know, if you did
too much of it you could get used to being the sort of the royalty going around the
place ‘cause the officers – yeah, the Royal Society and our officers are very highly
respected around the world, it is the oldest academy and it’s very highly respected.
The two that are most respected are probably the Royal Society and the National
Academy of Sciences in the States. One because it’s the biggest and the other
because it’s – it’s the oldest, and it is quite big, it – compared to some academies it
does a lot more business, it’d had more endowment and you can collect a lot of
endowment in 350 years.
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I’m wondering if you could just talk me briefly through what happens on one of those
trips, you’re treated like royalty.

Well [laughs] yeah.

I’ve got this vision of you coming down a red carpet and nothing else, what else is
there [laughs]?

Well not quite but you tend to go to meet the president and officers, you tend – quite
often I would finish up meeting the minister for science in the country and talking
about issues that where we jointly, the two academies wanted to fund science
exchanges or not. So one of the first visits was to South Africa, we had a project that
had been running for South Africa since the end of apartheid, which was to try and
raise the standard of science in the formerly black universities and a number of British
universities had been given grants to work with those formerly black universities. In
that case the partner to the Royal Society wasn’t a – a South African academy of
sciences, which was sort of almost invisible, and come back to that in a minute,
actually under normal circumstances didn’t need to exist, but the Research Council of
South Africa, so they were putting money into this joint project. Why do I say they
don’t need to exist, ‘cause South Africa when it’s part of the ommonwealth its
scientists are eligible to be elected to the Royal Society. The Royal Society elects
fellows from the whole commonwealth, so Canadians, Australians, etc, South Africa
of course came to the end of twenty years out of being part of the Royal Society but
once they were back as a commonwealth member then their fellows could be elected
again. So countries, we nearly always had some sort of joint funding for travel grants
of some sort with different countries and there will be some discussion of that and as I
say sometimes with science ministers or certainly with the scientific civil service.
Often I would visit a team with the British Council if they were in that country ‘cause
they were also helping support exchanges. There would usually be that some visits to
scientists who might know me or know of me, so there’d be a bit of science that was
my science. So that would be – that would be a typical visit and let’s say China, that
was very much the typical sort of visit ‘cause China was just sort of opening up to
exchanges and so forth.
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[27:45]

Countries, I did very little visiting the USA as foreign secretary because the presidents
liked to do the USA [laughs] so on the whole, I mean that’s not to say I didn’t go to
meetings in the USA but I was not usually the person that was invited across to talk to
the academy, it would be our president because they quite liked doing that. China he
wasn’t so keen on [laughs]. India I’ve been to a number of times on the same thing,
Australia, Japan a couple of times, so relatively selective. And then the other thing
that would happen is there are groupings, international groupings of academies,
there’s something called the International Inter Academy Panel and there’s something
called ICSU whose acronym simply doesn’t refer to what it is but it’s also a grouping
of academies, and well in fact as many academies as possible. And these would have
international meetings, something with serious intent, i.e., trying to get the G8
Summit to take notice of something or other. At some point when there was the move
going around to ban all stem cell research collectively an inner group of academies
produced a document saying what ought and oughtn’t to be allowed, you know, i.e.,
not research on human embryos but research on stem cells and what you could do
with the stem cells and so forth. So that was a range of things.

What do you think were the most interesting scientific issues that came up for
discussion?

Well certainly the whole stem cell thing was interesting … because that was also very
much a moral issue for different countries. And something to – well clearly
environment was around although I was – I think the big environmental thrust came a
little bit later than that, than when I was – it was sort of getting going. I’m trying to
think, we made two statements for the G8 meeting in Scotland when it was there and I
can’t – I think the second one was on education, science education, and particularly in
developing in the development world and the importance of it and getting
governments to put money into it. I think that’s what it was.

[30:00]
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But I think the stem cell one was probably the biggest one, which isn’t my field but it
required quite a lot of finesse to get something together that – that people could agree
to, and that was concise [laughs]. Without being rude to them, the French were very
keen on this but they would keep coming up with sections of a document that were all
about the philosophy of the importance of human life and they went on for paragraphs
about philosophy and that wasn’t the point of this [laughs].

What was the point of it from your point of view?

Oh well it was to try and not get a – which was on the cards, a really high level ban on
any sort of stem cell research. The idea was to try and tease out what would be
morally acceptable and what would not be morally acceptable. So using stem cells it
wasn’t so much using – I’m trying to think what the terminology was, and I’m sorry
it’s about five years ago since I was in detail involved with it, but effectively it was
separating out what – effectively it was promoting the view that was taken in this
country as to what was morally acceptable and what was not morally acceptable, but
more to the point to try and eliminate the possibility of an extremely high United
Nations sort of level ban on the whole bang lot which would have stopped a huge
amount of important research. I mean you know the argument still goes backwards
and forwards in the States about use of stem cells or not, and in fact one of the key
people at one point was Nancy Reagan because her husband had Parkinson’s was it –
he had one –

I think it was Alzheimer’s.

But anyway she could see that some of the stem cell research would be applicable to
something like that and she was a strong advocate, despite coming from the right side
of, you know, government, of allowing the stem cell research. So it – it was – I
remember finding a formula that the Mexicans could sign up to ‘cause that’s a
Catholic country, you know, and yet … that was a – it was a very interesting time. I
clearly was not the main mover in this because I was not in stem cell research myself.

[32:15]
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I’ve just remembered another one I had to do, they were – you will know that there is
a … a chemical weapons – and it’s not a chemical weapons treaty, there’s a chemical
weapons sort of protocol, convention or something like that. There is however a – an
– a nuclear weapons treaty. So the physicists have essentially produced a – a
worldwide governing unit for nuclear weapons, again terminology is escaping me.
But there isn’t an equivalent thing for chemical weapons and this was an attempt
which is ongoing, an attempt to try and get this into being essentially a treaty rather
than just a convention. And it was very tricky because people were worried that their
industries, their chemical industries would be hampered by what might come out of
something like this, particularly in the States. And I can remember going on the
Today Programme at seven in the morning having to talk about the chemical weapons
convention which [laughs] I found a bit nerve racking. [Interviewee meant to refer to
the Biological Weapons Convention here] And I think the debate is still ongoing but it
was to keep – so the important thing, the academies would say, is keep discussion
open, attempt to be inclusive, and keep a dialogue going with politicians. Another
thing we were doing while I was foreign secretary we were supporting the set up of
something called the European Academies Science Advisory Council, EASAC, and
the idea was that the European academies would collectively try and produce
influential reports that could go to the European Commission and to the European
Parliament on science matters. So for example the Royal Society does quite a lot of
reports like that, other European countries to a lesser or greater extent, the idea was to
have a European academies route in and some of those have been quite influential.
There were a lot of discussions about how it should be funded, where it should sit,
how to get the people to deal with it. And then it was during the time that I was
foreign secretary that the European Union was dramatically expanded and so suddenly
there were potentially a whole lot of new members of EASAC and most of them did
join so we had Lithuania and Latvia and whatever the next – Estonia, Poland was
coming in, you know, all these other countries. What was very interesting is for the
little countries, EASAC became very important because they found it strengthened
their arm talking to their governments, they were little academies, they didn’t have a
huge voice towards their government, if they could come along with a report that was
European that they were part of to their governments, it really raised their profile in
their countries, so sort of accidentally we’d done a – you know, an academy raising,
profile raising activity.
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It sounds like you’ve become involved with a lot of issues outside the field of polymer
science here and I was thinking last time you talked about becoming central to the
field of the polymer people I think you described them as [laughs].

Yeah.

There are a lot of different sorts of science people you’re mixing with here.

Yeah.

I was just wondering how did you find that, mixing with people from other fields in
that sort of forum?

Well I suppose I’d already been doing it at the top level of Imperial College by being
in the council of Imperial and a dean so that was all the engineers which is already
[laughs] pretty broad. Neutron scattering is pretty broad because people use neutrons
in a lot of fields so by being a neutron scatterer and travelling the world neutron
scattering I’d met quite a lot of people. So I found it very interesting, what you have
to recognise is you’re certainly not experts in their field, you’ve got to listen to what
they’re doing.

[36:15]

… There was something you said then made me think of another train of thought and
I cannot think what it was for a minute but never mind, it might come back to me
later.

I was just wondering as well how much of this Royal Society activity, how much time
does it take up for you?

When I was foreign secretary they said to me, ‘It’ll take between one and two days a
week,’ I reckon it was half time. I was still when I said I’d take on the job, teaching,
doing research in Imperial, and particularly I was teaching. Two things in – one of
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which was under my control, one of which was very fortunate for me, the first one
was that I went to see the then rector, Richard Sykes, and said, ‘I’m going to say yes
to being proposed for foreign secretary,’ [laughs] and I then said, ‘I’m not asking your
permission, I’m telling you, but I presume you think it’s a good thing for Imperial
College,’ and of course he did, ‘cause I knew it was going to take my time from
college. What worried me was not that it would take time from college but it would
take time from the department when I was supposed to be teaching. But almost
simultaneously I was asked if I would take on the role of directing an as yet not
existing graduate school in engineering and physical sciences at Imperial. So Imperial
had formed faculties and slowly formed faculties, and the medical school had set itself
up with a graduate school, it needed some central coordination of its graduate work.
The engineering and physical science – and they then incorporated the biologies so
the engineering and physical sciences had nothing like that, and it was a sort of wind
of the time that dealing with your graduate students in a more collective way in the
college, or in the university would be a good thing. So the first question to me was
what do you think about graduate schools and my response was, ‘Not a lot,’ ‘cause I
hadn’t seen – I’d seen universities who said they had them, but then when you looked
at what they did they only seemed to be a sort of central registration. So then the next
question was, have a look at what our medical school has been doing and see what
you think. And the medical school had been looking into running courses for the
students, helping them with their communication skills, a whole lot of things that were
better done centrally than in individual departments, and so I could see that that was
interesting, so I agreed to take it on. What that did was buy half my departmental
time for the college. Now I didn’t mind taking some of that college time for the
Royal Society ‘cause I knew it was flexible, it could be moved around, and I made
sure that half of my time was the time that would have been teaching an admin in the
department. So I was effectively bought out by the college, so it actually made it
possible to do what I wanted to do.

[39:15]

And I enjoyed being the – I mean I really enjoyed setting up that graduate school, it –
it was quite hard – a battle for hearts and minds, I didn’t have to run it, I was given –
first of all I could template what I was doing on the medical school and the Mary
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Ritter who’d set up that and directed it. Secondly I had strong support from the
central college administration and there was money coming in from the research
councils to help graduate students so we could take some money and really set up
proper course and things so I think we were among the leaders in the country, that’s
my view. And I did that until just before I retired so I did it for the next five years and
I think by the time we finished I think we had a successful graduate school.

In what sense a battle for hearts and minds?

Oh well an awful lot of people in departments said, ‘Why – you’re trying to interpose
something over the top of what we do in our department,’ basically a lot of academics
if stood against the wall would say, ‘Look, anything to do with graduate students
would be me and my PhDs and nobody else should interfere,’ now given we had a
pass rate of getting through your PhD in what was then considered a reasonable time,
four or five years, down about twenty per cent [laughs], it was quite clear it wasn’t a
business for them. We also – there was a lot of national work saying that employers
were unhappy with the fact that a lot of PhD students, they might be quite good at
fitting a model but they couldn’t actually speak to anybody or communicate so was a
lot that could be done. But we actually had to get departments to buy into that, some
departments were doing quite a lot departmentally and then the point was not to
interfere with that but to add to that, so it was – the words were the mathematicians
saying [laughs] – I remember going to see the mathematicians and somebody telling
me, ‘Look, mathematicians don’t need communication skills, they only thing they
need to do is to be able to speak in a seminar in a research group,’ at which point the
head of department stood up and said, ‘Do you know where most of our
mathematicians go,’ and of course they’re finishing up running banks and one of the
things that they might well have needed was better communication skills [laughs].
But it wasn’t just communication skills, it was – it was thinking about the research, it
was – it was not letting everything drift until the final year, it was talking to – you
know, it was a whole range of things.

[41:35]
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You mentioned one of the other things that you became more involved with when you
became an FRS was some – you called it the social parts of science and you
highlighted women in science as one of those?

Yeah, there’ve been – I’ve already mentioned I think I doubled the number of female
professors by becoming one in about 1990 ish. But I always – so I was very aware,
you could not be in engineering and physics and be unaware of the fact there weren’t
very many of us, I think there had been only one female professor of physics in the
whole country, you know, it was – so I was very aware of it but I was very chary
about getting involved in sort of grassroots movements, let’s do something about
women in science, ‘cause it’s my view you can’t do anything from grassroots about
something like that, you need something from the top. And then I supposed around
about the time I – after I became professor it became more obvious and when I
became FRS it was pretty obvious, this business about being untouchable, I could go
and talk to people, it wasn’t my career wasn’t at stake so I think it does refer a little
bit back, I don’t think I immediately thought I’m untouchable, I can do things that will
upset people but it’s a little bit part of that. And I got involved with a couple of things
and quickly it became obvious that by using that position I could actually start things
moving, not me alone, but I could add it. And about the middle of the ‘90s there were
– other people had been pushing harder than me, I got involved in pushing Imperial
College when I was dean, just about the time I was elected to the Royal Society, three
of us got together and talked to the rector, who was Ron Oxburgh and talked about the
position of women in the college. We could see that there were a lot of unhappy – the
women that were there, a lot of them were unhappy, now that’s small numbers, so at
the rector’s away day we ran a session on what was – what was known about the
position, there’d been one or two surveys and so forth. And a lot of the aca – senior
academic staff there said, you know, it was a revelation to them, they didn’t realise
this was going on. The rector said to me, ‘What do you want to do?’ and I said I
would like a rector’s committee, which is the senior level committee, and we set that
up in Imperial so that was Imperial beginning to do things, and that was possible
because there were two or three other very senior women in the place, the head of HR,
the head of the medical centre, you know, and we started things moving. About that
time two or three people from other universities came and talked to me about whether
we ought to be doing something nationally and the reason – what had prompted them
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is they’d – one of them was from Cambridge, which was already doing some things a
bit like we were doing in Imperial, they’d been talking to the then head of the Higher
Education Funding Council for England, HEFCE, about the fact that there was so few
women in science departments and he said – HEFCE was also worried, I mean they
saw the statistics. And he asked us to come and see him, well he asked this group to
come and see me and I got folded into this group. And we thought he might give us a
little bit of money to do something, we were sort of thinking, you know, maybe
10,000 pounds, 20,000 pounds, you know, we could run a few meetings and he said,
‘What about a quarter of a million?’ [laughs], which of course completely changed the
– the picture, meant that somebody could be employed to run the thing, that we could
actually run projects, we could give out money to universities.

[45:10]

The guy is Sir Brian Fender who was then head of HEFCE and was actually, just by
coincidence, had been my PhD examiner, this is one of those odd connections
[laughs] backwards. So we set up the Athena project. I believe that I was responsible
for choosing the name Athena. I can remember we had a lunch for a number of
interested people where we talked about how we were going to set about this. And we
wanted a name, and I think it was me who said, ‘What about Athena because she was
goddess of wisdom,’ somebody else pointed out, or subsequently it was pointed out,
she was also goddess of a just war and wisdom and a just war seems exactly right for
what we were wanting to do. And Athena project has – I chaired it as a project for the
first five or six years, I then handed over to somebody else, about the time that I was
becoming foreign secretary at the Royal Society ‘cause I didn’t need too many other
things on my plate then. And it first of all ran projects in universities, it gave awards
to departments that had done good things, when it had an award ceremony we made
sure that people like the president of the Royal Society and the head of HEFCE were
there so it got very high level notice and it sort of grew and it was achieving things.
We always called it a project, we knew it would finish. They got some funding from
various sources as the HEFCE money ran out, but after about ten years it was clear
that it was going to – it should finish and the question was did it have a legacy, we
wanted to make sure its legacy lived on. So first of all for every project and award
there had been reports written and there is a collection of all those reports which is
© The British Library Board

http://sounds.bl.uk

Julia Higgins Page 231
C1379/55 Track 9

available, because there are very good reports on what worked and what didn’t work.
The three legacies that were left were something called Athena Swan Awards, which
are like kite mark awards to university departments or universities so they can get a
bronze gold or – bronze silver or gold award for good practice, which is focused on
making sure that the women in their department do okay but actually when you look
at it is good practice. And it’s now grown, there’ve now been eighty-seven such
awards and this has been growing all – organically. And I ceased to be involved
directly with Athena – I’ll come back to Swan in just a minute, the two other legacies,
one was something called an ASSAT Survey, and again the A is Athena but the rest I
can’t give you the acronym, which is a survey of all academic staff in the sciences in a
university. If the university signs up for it the analysis of the questions can separate
out the differences between men and women in their responses, and if you want you
can say, well, compare me to my peer group so if you were Imperial you might say
compare me to Oxford, Cambridge and UCL, how do we look compared with those –
that group of universities, so it’s kept anonymous. And that has just happened again
and will happen again in a few years time. And the fourth – third is something called
the Athena Forum which is a discussion meeting periodically at the Royal Society
involving all the other learned institutions that might – that do something for women
in science, so the Institute of Physics, the Royal Society of Chemistry, the Royal
Academy of Engineering meet and the aim is for them to look at what’s going on out
there, prod people into doing things if they’re not, and try and point out when things
are going wrong, so those three were the legacies. Going back to Athena Swan, three
months ago I was asked if I would become the patron of Athena Swan [laughs] so
after all these years of not being involved in running I agreed to be patron, I said, ‘I
won’t be chair, I don’t want to run it,’ but I – and I’ve just had to be rolled out to talk
to the vice-chancellors at UUK about Athena Swan so it keeps coming back and [both
laugh] I won’t say biting me because I want to support it but -

What sort of reactions did you get to Athena when it was first launched?

Oh quite a lot of resistance, but basically the resistance, it was difficult to resist
because we were offering to departments things that they could do and we were
offering them a chance to involve their senior staff because we said, ‘Look, if you put
a proposal in we want it signed by your vice-chancellor please.’ And when they won
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something we invited their vice-chancellor along to see them win it, so it wasn’t – it
wasn’t that bad, and as I said we’d got money. The difficulty came when we had to
raise some more money, it’s not so easy to raise money that – I suppose that’s not a
resistance, it’s just where should it come from. What’s happened most recently just to
give you the story, is that … Sally Davies, who is the head of the NHS funding
stream, I don’t quite know her role but she’s very senior in the NHS and she controls
the funding stream that comes to universities for their medical research in the
university departments, but it’s NHS money, it’s not the Medical Research Council
money. And she was at a meeting or she was hearing from university medical schools
about what they did, how they functioned and for some reason, and I don’t know the
background to this, they were talking about what they did about equality and
diversity. And she became so irate after the meeting that she sent a letter out to all
medical schools which said that she sat in this meeting absolutely embarrassed, I think
it might have been – there might have been other people there from overseas, she said
the response from the medical schools ranked from the adequate to the frankly
appalling, and as a consequence I am going to demand, I’m not going to put any NHS
funding into a medical school that doesn’t actually have an Athena Swan Award.
Now that set the cat amongst the pigeons [laughs], you can imagine, it’s not actually
designed – it would be much better if she spoke to Athena Swan first, and we are very
– we and I have to say we because I can’t not be involved, are struggling with the how
do you get – how do you cope with it becoming compulsory rather than a voluntary
thing. When it’s voluntary it’s great, department’s want it, they’re competitive, they
say, ‘Look, physics in Oxford has got one of these, why can’t we do this?’ when it’s
compulsory it’s completely different so there’s a lot of – but it was – it was quite a
dramatic move [both laugh]. And between you me and the gatepost and the recording
machine, medical schools are very bad about equality and diversity, some of them of
course are fine, a lot of them if you want to find a hotbed of conservative dinosaurs
among the males that’s where you’ll find them.

[52:00]

How do you think polymer science compares to that?
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Ah polymer science has been – I think has been wonderful for me because it isn’t like
that, now clearly there are one or two people around and I think it’s because it’s an
orphan subject [laughs]. What I mean is it doesn’t belong in any particular
department, so the chemists in polymer chemistry in a chemistry department might
have been difficult, but polymer science collectively wasn’t in chemistry departments
or physics departments or engineering, it was in all these departments, it didn’t have a
natural home, it was a new science, it didn’t have hierarchies of in the same way that
say chemistry or physics had hierarchies. And I – for me when I think back I could
not have fallen into a better group of scientists than that and if you actually look
through it there’ve been a number of women who’ve been successful in the area and I
think it’s, you know, it is the fact that it’s open, it’s not driven by these hierarchies.
Having said that I was probably quite lucky as a polymer scientist to be elected to the
Royal Society, because orphan subjects also have their problems in something like
that. But I was supported by the physicists, there were quite a lot of good physics
people who were fellows of the Royal Society at the time I was being elected and the
physicists were among my supporters so – but no it was super, and then to add to that
a new technique like neutron scattering, the two together, when I think backwards,
you know, accidental choices, I was very very lucky to make those choices.

[53:40]

What do you think achieved Athena’s actual – well before we go any further on this
strand actually you mentioned you talked about ‘we’ quite a few times when you
talked about Athena, who is we in this case?

Well of course it’s quite a lot of people, at the time the key – absolute key mover was
Nancy Lane, who was in Cambridge, was a research fellow in Cambridge, a lady
called Caroline Fox, who actually had been HR director in a number of different
institutions including Imperial College but at that point was a consultant and finished
up actually running the Athena project after a couple of other moves. Myself and then
a number of other people who got brought in. I can’t remember the names of all the
people who originally got brought in but gradually several of the other senior fellows
of FRSs who at that point of course weren’t FRSs, just one thing I wanted to say
about FRS and almost want to splice it back in earlier. At a recent meeting – during
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the 350th celebrations, one of the discussions was about women FRSs, Georgina – the
lady who wrote the biography of people like Rosalind Franklin I think, Georgina
Ferry, talked to us, and she said, ‘There are now around 100 fellows,’ she said, ‘it’s
very interesting, the first one was about 1947, it took fifty years to get to number fifty,
it’s taken fifteen years to get to 100.’ I reckon I was number fifty-one, I mean right at
that point where they began to elect rather faster. But I’m sorry that’s lost the track of
–
The ‘we’ …

Oh the we – so when they became fellows and were themselves very keen on this, so
Athene Donald at Cambridge is now very closely involved, she chairs the Athena
Forum, which I mentioned as one of the legacy things, she’s a physicist. Jocelyn
Bell-Burnell who is very well known because she didn’t get a Nobel Prize [laughs]
but is well known in various things, she was the first chair of the Athena Forum. So
there were a number of women fellows who as they became elected became involved
in things. But that first group of us was Nancy, myself as the main academic base,
and then we had people from Scottish Funding Council, somebody from HEFCE who
I think came along, we had – I’m trying to Jan Thomas I think her name was, who is
now active in a different field. So we brought in people but it was quite a small group
and the main thing was eventually Caroline, the focus of running it, and she had a
couple of other people helping her and at one point the office was here and so forth,
but it was always hand to mouth. But it punched way above its weight ‘cause as I say
it was very easy to get the president of the Royal Society and two or three vicechancellors to come along to any event and that makes a big difference.

What do you think Athena achieved?

Well a huge amount of profile raising. I think it would be difficult now to find a
university that didn’t at least accept that diversity is an issue, and that they really –
particularly in their science departments and they ought to be looking at the small
numbers of women scientists, that they’re not worried by what is called the leaky
pipeline, that a lot of women go into science and then disappear from it. So wouldn’t
say it’s only Athena but it’s part of that. I think the legacy of the Swan Awards is
going to be fantastic because that’s slowly slowly raising the profile. One of the ones
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I mentioned to the vice-chancellors at University UK is York, York chemistry is the
only holder of a gold award, I think this is wonderful, and it does have – there is a
business case for doing this, you attract and keep very good women. I had not noticed
that the vice-chancellor from York was sitting in the audience, Brian Cantor and he
stood up and said, ‘I am the proud owner of,’ and then proceeded to say why he
thought it was so important. So that’s going to go on growing and that is probably the
single most important thing, because it involves departments working on activities
that are good for them in terms of diversity and supporting their staff and it’s growing
organically so that’s probably the most important thing. The survey is quite important
because periodically you need to pin down where things are, what’s difficult is to –
you really would like to know if they’re getting better, I’m not – it’s difficult, it’s not
obvious that the women are getting happier but I think the trouble is they’ve got
higher expectations now [laughs].

Talking about expectations and tying this with something else you mentioned a
moment ago, you pointed out that you may have been female FRS number fifty-one,
was the fact that there were very few female FRSs something that crossed your mind
at the time?

Oh yes, I mean I was extremely well aware [laughs] – I knew that there were – I mean
I already – I knew there were a few female professors, I certainly knew there were
very few, they just had – it might even have been at the same time, they’d had an
exhibition in the library at the Royal Society which was celebrating the fiftieth year
since the first woman, two women were elected, with pictures and so forth. So yeah I
was very aware that were weren’t very many [laughs] and that at that point there
wasn’t even necessarily one every year elected and the ones that were elected might
well be in the USA or somewhere else, not in the UK. So the people I’m talking
about who I would say are my fellow activists, are all most of them elected
subsequently, that’s not to say there aren’t some important ones around but, you
know, it was – it’s – it’s the recent fifteen years worth that is really going to be able to
move things.

[59:30]
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Talking about the other activities you’ve been involved in over the last ten years or so,
I noticed you were chair of the EPSRC as well, how did that happen?

Well backtrack a little bit, we’ve talked at various points about Science Research
Council, SERC, in 1996 ‘7, at some point, and I think it’s associated with the Blair
government but I think it might have just preceded the Blair government, there was
completely reorganisation of the research councils and responsibilities were spread in
a different way. SERC had been responsible for the facilities like the Grenoble
reactor and so forth, they took that way and set up a different research council to deal
with that. And they brought various things together. And they all – EPSRC when it
was formed decided it would also be radical at the way it worked, so it threw up in the
air all the structures it had had. SERC had had a structure that went from mini
committees to subcommittees to committees [laughs] to the council, they threw most
of those out with the bath water, so we’ll have committees when we need them but
we’re not going to have a structure based on committees, we will have a council and
then we will have activities as we need them, it was very radical. The first chair was
Alan Rudge who was an industrialist, so again they were bringing in industrial
experience, he came from BT I think, British Telecom and was quite an in your face
character. And the first chief executive was … Richard Brook from Oxford, and the
council had, you know, it was a brand new council on which I was asked to sit and I
sat there for three years as a member of that council. And of course I mean it was
very controversial at the time ‘cause it was working in a different way, the community
reckoned they had lost a lot of their connectivity because they used to know the
members of the committees, they used to know the chairs of the committees and so
when their grant came up they sort of knew where it was going. Richard Brooks
always said immense support came in from the old committee structure for those who
were on them, ‘cause they knew how to make them work. A lot of support for a new
structure came in from the people who weren’t on them, so you can sort of see that.
But it did lose a sort of a community and a connectivity through the community. So
that – that was all going on and that was the funding and I did my three years and then
was off it and then in about 2001 I was contacted by people in probably the DTI
because I think the DTI was looking after research councils by then, and asked if I
would be interested in chairing EPSRC, chairing a council and I said, ‘Well look here,
you usually have an industrialist and I’m not an industrialist,’ and what they basically
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said was, ‘We can’t find one and if we can’t find an industrialist we’d like you,’ so it
was second best [laughs]. I don’t think I was a bad chair, I did it for four years and I –
what I was was the first chairlady who actually understood how universities worked, I
mean without being rude, somebody from industry does not know what it’s like sitting
in – and I was very lucky, I chaired through a period of generous funding, I wouldn’t
like to be chair now [laughs]. It was a very interesting time, things – EPSRC was still
shaking in, there were a lot of new things that had to be done, we had – we had a very
controversial decision to make on whether to buy another supercomputer by use by all
the scientists or whether to try for a distributed system, I think we made the right
decision but it was very – it was quite acrimonious trying to get a proper decision out
of that, and the – it was the computer was called HECToR and I remember saying
when you – ‘When I’m dead if you open my heart you’ll find HECToR,’ you
remember it was Mary Queen of Scots on – no Queen Mary who said you’ll find
Calais written on my heart, I reckon they’d find HECToR ‘cause it was tough going at
times but it was very interesting and I enjoyed it very much.

Did you buy HECToR in the end or go for -

Yeah, we did buy HECToR [laughs]. Well what had happened was the whole thing
had sort of gone wrong at the beginning, the consultation hadn’t really got to the right
people and in fact there hadn’t been enough consultation at the right time and on the
right thing. And – but in the end HECToR was bought and is based in Edinburgh I
think and as far as I know is supporting the scientific community, that was four or five
years ago. They’re probably ready for the next one now [both laugh].

Why was the debate so acrimonious?

Well of course people were reasonably gentlemanly at the council but people have
very strong views on what ought to be done and people who could see a lot of funding
going to that were worried about their chemistry or their physics or whatever else, the
rest of the scientific – so there was quite a lot about distribution of funds, it was
complicated because in a sense – because as I recall EPSRC was as it were designated
the supplier for the whole scientific community, so if you like we were going – we
were spending the money for the other research councils because the computer would
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be used by people in the other subjects. And it wasn’t at all clear that if we didn’t
HECToR that money would immediately go back to physics and chemistry, it would
probably just disappear into something else, so it was quite a complicated decision.
Getting people to understand it was quite tricky and then as I say there were very
strong feelings about whether we ought to – so there was one argument, is this the
best solution, another argument is can we afford a solution, you know, and etc
[laughs] and it was quite interesting.

[1:05:44]

And what sort of other decisions do you have to make as chair of the research
council?

Well I personally of course am not alone, I had to lead the community into those
decisions. One of them which of course affected me a great deal was the relationship
between the research councils and the central facilities, ‘cause they [laughs] – in my
view they’d set up a funding route that simply wouldn’t work which said the ISIS
course at Rutherford will be funded by the other research council because they want
to use it. Now you know, if you give a research council the option of putting some
money there or putting it into its own chemistry and physics it was a very tricky time
and those sorts of funding decisions had to be discussed and some sort of consensus
brought together. There were questions about whether funding new areas,
nanotechnology was coming up, how much funding we should put into that and so
forth. Questions about how many research students we should have and how we
funded research students, so quite high level discussion which was going to affect the
whole – well the whole scientific community in our field. Overall, as I say we were
not working under dreadful most pressure which makes a big difference, I wouldn’t
like to be trying to do it now [both laugh].

Is there any pressure on you as chair from any different directions to -

Oh we [laughs] – in a sort of way but not people – I mean occasionally I’d get letters
and I’d just – you know, we’d discuss it with the – ‘cause there is a chief executive
and, you know, the senior directors, erm, I didn’t feel as though – I didn’t feel as it
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were threatened, and I’m not talking about people coming with knives, but you know,
it – I felt it was something I could handle.

What sort of – could you just give me maybe one general example?

Well I can’t immediately think of one but I’m sure I was getting letters saying, the
whole of physics will collapse unless, you know, and I really can’t remember the
specific example. They weren’t personal, you know, they weren’t from a person to
me saying, ‘I’m going to hate your guts for the rest of your life,’ so in that sense they
were all part of a bit of a game if you like except it didn’t feel like a game for the
people whose money it was.

Did you enjoy chairing?

Yes, oh I actually enjoy chairing, I don’t know whether I’ve said that before, I reckon
I’m quite a good chair, and I – getting a meeting to whatever decision it has to make
in an appropriate and agreeing it and if you have got a dissenting voice working out
how to handle it. I find it a fascinating job, you can’t be too involved in what the
decision is otherwise you get partisan yourself. But so actually chairing things that
are not in your particular area is rather better than, you know, chairing something on
neutron scattering for polymer science might get a bit close to home, chairing
something on funding the whole of science is okay.

[1:08:50]

I was wondering as well all these different committees you were involved in, how easy
is it to actually balance them all?

Well these days of course it’s fairly easy because I’m sort of retired, I’m not running
research groups and so forth and I – and I choose, I limit the number of committees
I’m involved with. People did say in the time when I was foreign secretary and
director of the graduate school and chair of EPSRC, they did wonder how I managed
it [laughs]. Good civil service, absolutely crucial which the Royal Society had for its
officers which EPSRC had, and which our registry had so that’s absolutely crucial. A
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reasonable ability not to read everything but to read what’s absolutely key. You just
can’t read everything and if you get bogged down in the detail then you don’t get
anywhere, so I mean I could look at a paper and realise the last paragraph was the
only thing I needed. It ruined my own reading, my pleasure reading because I would
tend to read books the beginning and the end and think, I’ve finished the damn thing
[both laugh], very very – you know, you just got used to looking at things extremely
rapidly. Prioritising but I think also recognising that I enjoyed it, if I’d hated it – I
mean it’s – we haven’t actually covered the point that twice in my career I had to
manage things, I became head of department for one year in 2000 because the head of
department was going away for a year. I’d always said I won’t be head of
department, I don’t want to do it and I didn’t enjoy doing it, department actually were
– behaved beautifully, no problem, but I – it just wasn’t a job I liked, partly because
you had to keep balancing demands from people, partly ‘cause it was repetitive. I
could see that I did all the promotion around and I was thinking that’s going to happen
the next year and next year and so on. I did it for the year, and then the final year I
was on the staff at Imperial, the principle of the new faculty of engineering and
physical sciences left rather sharply to go and be vice-chancellor, that was Julia King
and she went off to be vice-chancellor at Aston, and the then rector Richard Sykes
called me in and said, ‘My preferred solution Julia, is that you take over as principle
for this year, giving us time to find somebody,’ I said, ‘I don’t want to be acting,’ he
said, ‘No no, you’ll be principle but we will look for somebody else,’ so I did and I
did not – I mean people were very good to me, people said I did it very well but I
really didn’t enjoy it. That was doing admin and chairing committees that I didn’t
want to chair, that I hadn’t chosen – and coming back you said how do I do it, the
three that I’d done I agreed to and enjoyed doing, I didn’t particularly enjoy that. And
I reckon it spoiled my last year because I was going – I was planning to work out
what research I would do next, I was – my last six months as vice – as foreign
secretary, you know, a number of things and it took, all that away and all I did was
principle. I’m told I did it very well but it wasn’t what I wanted to do [both laugh].

[1:12:00]

There’s one other job as well that I wanted to ask you about which was government
maths advisor.
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Oh no, I’m not government maths advisor, let us be clear on -

I’m trying to remember what the exact term was [laughs].

Yeah, there is a committee and I haven’t been chairing it for three and a half years,
I’m just coming to the end and it’s called the Advisory Committee on Mathematics
Education. Right. It exists certainly to advise the government mainly on maths
education but I’m not the government maths advisor [laughs] and you might say I’m
not a mathematician and that is absolutely deliberate. The idea was that the reason it
was needed is the mathematicians are fissiparous, they pull indifferent directions,
there are three learned societies. There are two societies of teachers, everybody thinks
that they know how maths ought to be taught, the consequence was that ten years ago
nobody took any advice from the community because you could always find a
conflicting piece so the Department for Education used to, I’m told, laugh and say,
you know, ‘The maths community doesn’t matter.’ The Royal Society was prompted
by this to work with something called The Joint Maths Council which has all these
fissiparous people as members but therefore can’t do anything but at least is
nominally a central point. They set up ACME, and they said, ‘And the chair will not
be a mathematician, a user of mathematics, somebody who can chair,’ and that’s what
I’ve been doing, you know, getting consensus. It’s been pretty hard work, I’ve got a
really good committee, I enjoy it hugely but there’s an immense amount of work,
there’s a curriculum review going on, there are reviews of education, we’ve written
reports, we have a good civil service at the Royal Society but it’s been quite hard
work. I originally agreed for three years, it’s taken a bit of time to get my successor
in place, my last meeting is the 12th of January. And it sounds as though I’m looking
forward, I am looking forward to the end because I’m getting – I’m sort of tired, I
mean it’s not that it – it meets once a month, which is quite a lot and there have been a
lot of things in between that I’m needed to do, but actually it’s thinking about its next
big project and I’ve just finished a big project with them and I’m not sort of ready to
make another jump, so I’m glad somebody else is taking over and will take it
forwards.

Just give me a very very brief idea of the sorts of things it actually does?
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Well first of all I should say it’s a very unusual committee for the Royal Society in
that the seven members, not the chair, are – their time is paid for so they’re paid to be
members for ten – it’s either ten or twenty per cent of their time. It was set up like
that so you could have teachers, there was no way you could get a teacher sitting on a
committee like that for three years, a school simply couldn’t manage so you buy the
time of the people. This means they do a huge amount of work for the committee,
they write a lot of the things, they meet, they go to workshops. The chair is the only
one which isn’t paid [laughs] which is fine, that’s alright, but it means you stand back.
Well, one of the things that we did over the last year was a project we set up which
was called Mathematical Needs, and it was in two pieces and it said, what does the
country, that is say higher education and employers need of maths education in
schools and it involved quite a lot of research finding out what people said about what
they actually needed. And just to tell you, people – there are loads of people who go
into university courses with grade C GCSE maths, and then discover that their
geography course or their social science course or any statistics needs all sorts of
maths they haven’t learnt, so it’s quite clear more people need more maths. You talk
to people in employment, they say in order to do the job we’re doing, we need to
know more maths than the job is using, because you – you need the next level up to
really understand what you’re doing so that was a very interesting piece of research
across employment and across higher education. The other half was what does a
student need when they go out, what ought to be part of the maths education, and that
was more anecdotal and less research based, that report was a huge amount of work
for all the people there and the secretariat and was published last June, and we are
very proud of it, because we think it will inform future developments in maths. We
are about to start on a piece of work which is what ought to be the maths available to
sixteen to nineteen year olds, at the moment there’s no – you either do A level you
might do a little bit of this that – nothing very clear, so the question is if people are
staying in education to nineteen, which is the aim, I mean there might be – they don’t
have to be in school but the aim is everybody is in some sort of education or
apprenticeship or something up to nineteen, they ought to be doing maths. Letting
people stop all maths forever at aged fifteen with a grade C in GCSE, is not a good
thing for the country, so what ought to be taught and what – what examination route
ought to be available to them. And that’s the next project so I can’t tell you the
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answer, that’s what they’re just starting on now. But the mathematical needs one was
a terrific project. Other much – well more distributed things, there is a big discussion
going on on a new national curriculum, members of ACME have been involved in
trying – in the discussion with DfE and others in what this curriculum should look
like, and it’s been quite a fraught discussion because there’s an awful lot of different
views about what might happen. And we have a minister for education, we have a
minister of state, Gove who is quite – on the whole is quite good about what education
is about. We have a minister for schools who is very keen on maths in schools, but
thinks he knows how it ought to be taught, and he’s an accountant, but he thinks that
kids in schools ought to be taught all their times tables by rote, they ought to be taught
long division on paper, etc, and some of what he thinks, which he thinks very
strongly, is rather destructive to getting education as a word to – than process. He
thinks you teach process and education will follow, but teachers say you can’t do that,
you’ve got to do them hand in hand. So that’s a big argument, we are and have been
involved in and I have sat in Gibbs office and we kept our tempers all the way through
but it was quite clear that our views were [both laugh] completely different on long
division, you know. So one of the people with me said to him, ‘When did you do last
do long division?’ and he said, ‘Well I do it every day,’ you know, it’s almost like
gymnastics [laughs].

Just to wrap up this section and we’ve got about five minutes left on closing questions
after this, why do you think maths is important?

Oh there is – if you don’t – if you can’t do maths and you haven’t got a reasonable
maths qualification, you have closed off to yourself an immense number of potential
study, immense amount of potential study and a huge amount of potential jobs. So
not having maths is simply stopping people doing things. It’s actually very bad for
the country, it means we don’t get the right sort of engineers we want, we don’t get
competent people, we get politicians who don’t understand statistics, you know, if you
actually think about it there is – there are very few roles you can have in life apart
from digging the ground which don’t require you to understand a little bit of maths,
and even digging the ground if you want to work out areas and so forth you need
some maths.
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[1:20:05]

That brings us more or less up to the present day and I’ve just got about three or four
closing questions if I may, one of them was about awards and I know you’ve won
several for different things over your career, which mean the most to you?

Well [laughs] being a dame, DBE, I’m not sure whether it means it but it’s certainly
rather interesting, and it’s actually what’s amusing is that several of these senior
women that I have mentioned to you are also dames now, so I’m not alone up there
[laughs], but my sort of socialist principles are a bit against the idea of accepting
something like that. On the other hand my close friends, females have said, ‘Don’t be
so stupid, the men all get their pretty toys like sir this and sir that, you jolly well take
it,’ so [laughs] – but it is, it’s quite amusing, and I – I think actually in a sense my
CBE meant more but that was purely personal because my father had a CBE, and the
day it was announced was New Years Day, it was the New Years Day awards, I was
due to go for lunch there and I arrived for lunch and there was my father wearing his
own CBE so it was a – it was just a very nice personal thing that. I was very chuffed
to become a Chevalier of Legion D’honneur [ph] in France, I haven’t ever done
anything with it but it’s quite nice to have it ‘cause I’ve done – of course I worked in
France a lot, I’d done things but I think it was largely as a consequence of the work
I’d done together with the French academy when I was foreign secretary, they were
very aware of me through that and exchanges and things like that. And I became a
fellow of the National Academy of Engineering in the States which was rather fun and
fun to go to and – but I am as well as a fellow of the Royal Society, fellow of the
Royal Academy of Engineering here, and that there are relatively few of us who are
fellows of both academies. There is a size – I mean it’s not two or three but it’s not
most. And that’s quite interesting because you do – you talk to different group of
people and I was for the last three years on the council of the Royal Academy of
Engineering so I was much more involved with industry in those years. And I have a
whole handful of honorary degrees [both laugh].

[1:22:25]
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When do you think you’ve actually been happiest in your career, or most content if
you’d prefer that word than happy?

I was extremely happy during those years when I was foreign secretary at the Royal
Society, it was a job I loved doing but the other jobs I was doing at the same time
fitted with it, so I was very content there. I think I was pretty content while writing
the book in the beginning of the ‘90s, not to say I was discontent at other times but I’d
sort of got the professorship, things were going nicely, the book was coming on, I was
dean, you know, I was involved in things in the college and I think that was quite a
good time. Which is as I say not to say the others weren’t but those were the times
when I can remember being sort of pleased with life.

I guess the other question I have as well is I was wondering … how has it actually
been doing this interview?

Oh I’ve thoroughly enjoyed it [both laugh], I have – I’ve probably liked talking about
myself, I don’t have any problem doing it so it’s been great, you’re a very good
interviewer if I may say so, prompt things in the right direction, and no it’s – it’s …
it’s rather nice to look backwards. And just I said something about honorary degrees,
when you get an honorary degree you stand there and people sort of go through the
things you’ve done and you think, my God did I do all that, talking like this has put
much more flesh on it, it’s sort of why did it happen and yes that was great and, you
know, that wasn’t so good, and so yeah, I’ve very much enjoyed it. What it will
sound like when you deal with it I don’t know [laughs].

How has it been seeing it from the other end of the process as well ‘cause obviously
you’re on the advisory committee for this project, and I mean I’m interested in what’s
it like seeing it on both sides?

Well it’s very interesting that I had sort of assumed, not knowing what the interviews
were like, that they would be very very heavily focused on the particular scientific
issue that the person had been involved with, and I’m absolutely delighted to see
they’re much more like a biography. I don’t know whether you know the biographies
of the Fellows of the Royal Society, some of them are particularly good because they
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match the science and the private life, and I love reading those because of that. And
this is, I don’t know whether it was a model but this is much more like that than I had
imagined, and so now when we’re talking about the sort of people we might get, I’m
thinking about, well have they got the sort of – what’s it’s called, back life, no
hinterland that will make for a really interesting interview. And of course the other
thing is [laughs] are they – are they like me, gabby and will they be prepared to talk
about it [both laugh].

I think that’s probably about where we need to finish but is there anything else you’d
like to say before I hit that stop button?

No, reiterate what I said, I was incredibly lucky with a few basic choices in my career
and, you know, I’ve thoroughly enjoyed most of it [laughs].

Thank you very much Julia.

[End of Track 9]

[End of recording]
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