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FOREWORD

I feel greatly honored to be given the task to write this Foreword. It has
been a great pleasure to go through the fascinating interviews of yet another
nearly two scores of scientists by the Hargittais. What strucks me this time
as much as before is the enormous individual variation of the characters
exposed, making every story unique. Whether such variation is peculiar to
scientists, or to human beings in general, or perhaps even to other species,
is beyond me. However, one can easily identify an important element that
all these individuals have in common: curiosity. Again, one can ask if this
is something peculiar to scientists. In this case I feel inclined to answer yes.
Admittedly, the exploratory drive rests on a fundamental instinct of profound
survival value that all human beings and a great number of other species
have in common. In childhood the response to novelty is a lot more dramatic
than later in life. As we grow older our curiosity loses some of its intensity,
which is perhaps a sign of maturity. Maybe a common feature of scientists
is a slow maturation process, at least in this regard.

An interview, like an autobiography, is of course not an impartial state-
ment. As time goes by we tend to remodel our reminiscences, perhaps to
make them more palatable for our self-esteem. People involved in one and
the same event will thus often describe it and their role in it differently.
For the historian it must therefore be of utmost value to have access to as
many personal accounts as possible of a scientific discovery. In this regard
autobiographies and interviews are complementary. An advantage of the
interview is that the interviewer can bring aspects into focus that the
interviewee might otherwise tend to pass by. In any event it will remain for
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the historian to scrutinize all relevant documents in order to come as close
to the objective “truth” as possible.

It is remarkable how the Nobel Prize has been able to keep its top position
over the years. One may wonder why. At the outset the announcement of the
Prize must have been astounding, considering its size and its scope. Sub-
sequently, the Nobel Foundation and the institutions involved in the evaluation
process have apparently done a sufficiently good job to keep up the reputation.
The existence of such a Superprize is, however, not unproblematic. To some
extent this has to do with Alfred Nobel’s Testament. First of all, it brings into
focus a distinct, prizeworthy discovery. In fact, the discovery should preferably
have been made during the year preceding the award, even though earlier
discoveries could be taken into account provided their importance were not
immediately obvious. These stipulations should perhaps be viewed against
Nobel’s own astounding discoveries of dynamite and the like, even though it
would be unfair to blame the richly gifted Alfred Nobel for simple-mindedness.
Nevertheless, the emphasis of a distinct discovery has probably left out a
number of outstanding pioneers who have opened up new important fields
without necessarily contributing with any specific discovery. It may have been
difficult for the various Nobel Committees to deal with this problem in some
cases. In any event it is obvious that the prizeworthy candidates outnumber
the laureates and that the actual outcome will often depend on a number of
more or less relevant circumstances. It is regrettable that this fact is not always
considered enough and that consequently some prizeworthy candidates feel
unnecessarily disappointed.

Once again, the Hargittais are to be congratulated on yet another masterful
Candid Science volume. It will certainly be enjoyed by a great number of
enthusiastic readers.

Goteborg, January 2005 Arvid Carlsson
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PREFACE

In this fifth volume of the Candid Science series, there are some departures
from the previous volumes in the approach of the compilation of the material.
The present volume as a whole is not classified as physics, chemistry or bio-
medical sciences, but keeping with cross- and inter-disciplinarity, it contains
entries from all these disciplines and, in addition, from mathematics. There
is only a loosely-followed sequence in the volume, going from mathematics
to physics to chemistry and to the biomedical sciences.

Another peculiarity of this volume is that it includes nine interviews
from another project, the Larson Tapes. The story behind it is as follows.
In 1998, I recorded a conversation with Clarence Larson (contained in this
volume) and learned about the project he and his wife Jane had been doing,
called “Pioneers of Science and Technology”. Clarence and Jane (video)
recorded conversations with famous scientists and technologists. By the time
we met, they had collected over sixty recordings. They gave us a copy of
a few conversations and my wife (Magdolna Hargittai, Magdi in short)
and I published some edited transcripts from them in addition to my Larson
interview in the magazine The Chemical Intelligencer.

In 1999, Clarence died and Jane donated all the original tapes in their
collection to us, encouraging us to use them to the benefit of a wider
readership. She stated in her letter of April 14, 1999:

In recognition of your activities in recording interviews with
outstanding scientists in The Chemical Intelligencer and elsewhere,
including the interview with my late husband Clarence E. Larson
incorporating excerpts from Clarence’s interview with Luis
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Alvarez and the article based on Clarence’s Wigner interview,
I am giving you all of Clarence’s interview tapes. I am doing
so with the understanding that you and Magdi will try to bring
out articles using this interview material, possibly even producing
a book based on this material. I am very much in support of
your doing this in the interest of disseminating the knowledge
and information Clarence had accumulated on these tapes. You
have my permission and my blessing for your activities related
to these tapes.

We started a series from the Larson Tapes in the magazine, but the magazine
folded soon and the tapes laid idle for some years. Recently the idea came
up to use some entries of the Larson Tapes in the Candid Science series
and hence nine of the Larson interviews are included in the present volume.
They are dispersed among the Hargittai interviews as found reasonable in
the sequence of the volume, but clearly identified as Larson Tapes.

The original Larson interviews are of a different character from our
interviews; they greatly differ also from each other, and we did not try
to make a uniform presentation out of them. In some cases we merely
produced an abbreviated narrative, in other cases some annotated excerpts
and in yet other cases we tried to reproduce the whole interview in near
completeness. We are grateful to Charles Townes, who — in addition to
his own Larson interview — agreed to review the material of the Schawlow
Larson interview as well. In the case of Dr. Townes, we also recorded
our own interview, and the two interviews — twenty years apart — nicely
augment each other. For the Fowler interview, we received help from his
two former associates and especially from Charles Barnes of the Kellogg
Laboratory of the California Institute of Technology. The Pauling transcripts
were reviewed by Zelek Herman, Linus Pauling’s long-time associate. There
has already been a Pauling entry in the Candid Science series, viz., in the
very first volume; however, that was a very brief interview, one of the last,
it not the very last, Linus Pauling granted before his death. We are happy
to have a longer exposure of this great scientist in this volume. To augment
the Dulbecco interview, we asked Paul Berg to share his experience with
him. In his own interview (see, Candid Science 11, pp. 154-181), Dr. Berg
mentioned Renato Dulbecco’s impact on his research career and this was
a good occasion to ask Dr. Berg to tell us more about it.

For our original contact with the Larsons, we have to thank Arnold
Kramish with whom I had come into contact when I was editing The
Chemical Intelligencer. Arnold Kramish served in the Manhattan Project
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and, later, with the U.S. Atomic Energy Commission. He served as a
consultant to the U.S. government and industry. He is the author of many
books and articles on nuclear history. In his letter of May 27, 1997, he
suggested to me and my wife to get in contact with the Larsons, and
I am quoting from his letter:

On September 2, 1944, I suffered a near-fatal accident at an
installation of the Manhattan Project. Colonel Stafford Warren,
chief physician of the Manhattan Project, intervened on my care,
and to him I credit much of the fact that I am here today.
By chance, his daughter, Jane became my valued and efficient
secretary after the war at RAND.

Enter Clarence Larson, who, during the war, was an associate
of E. O. Lawrence at Berkeley in developing the electromagnetic
method of isotope separation. He then became head of that
project at Oak Ridge. After the war, he was placed in charge
of all Manhattan Project — then Atomic Energy Commission
(AEC) — isotope separation. Eventually, he became an AEC
Comissioner. He married my secretary, Jane, the daughter of
Colonel Warren.

Through the years, Jane has become an accomplished and
internationally-known ceramicist, specializing in murals for scien-
tific buildings. For example, the mural at the AAAS [American
Association for the Advancement of Science] building is hers.
She has just been awarded the commission to do the mural
for the chemistry building at the University of Maryland.

We are happy that with the nine Larson interviews communicated in this
volume, we are able to pay tribute to Clarence Larson’s memory and express
our appreciation to Jane Larson’s generosity.

Readers will notice that a new Hargittai name appears on the cover
of the present volume. Balazs is our son and although his research interest,
peptide chemistry, is far from our structural chemistry, he has shared our
general interest in science history and scientists.

The technique of the Hargittai interviews has been described repeatedly
in the Prefaces to previous volumes and it has not changed. We record an
informal conversation and later submit the slightly edited transcripts to the
interviewee for checking, changing, and augmenting. Very few interviewees
do not respond to our sending them the transcripts; most do and improve
the presentation without changing the flavor of live conversation. In some
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cases there were repeated cycles of improvement. My interviewing approach
is different from that of a journalist. Not only am I not trying to press for
answers in cases where I sense reluctance on the interviewee’s part, I do not
mind the interviewee’s changing of what had been said, in the subsequent
exchange. I want the interviewee to feel relaxed during the interview and
comfortable with the final product. I know I lose some following this
approach, but I believe we all gain too because the interviewee senses this
interviewee-friendliness and collegiality, and in most cases opens up more
to a sympathetic colleague than to an aggressive journalist. The interview
is a joint product in the final account; it reflects on both of us; and I
believe that we both try to do our best in bringing forth an insight into
both science and the individual scientist.

With this, I am not saying that on occasions I would not have liked
to get more information than what had been offered. A case in point
was the Damadian controversy in the Lauterbur interview. I knew very
little about the story, I knew primarily about the unprecedented newspaper
ads protesting the Nobel decision in the Physiology or Medicine Prize
tfor the year 2003, the fact that Dr. Damadian was left out from it. Some
colleagues had warned me not even to try asking Paul Lauterbur about
it. However, I did, and my questions were not brushed away, rather, I
understood that this was a topic that Paul had been exposed to saturation
and the long story behind it had caused him and his family pain and
much unpleasantness. Nonetheless, Paul gave me meaningful responses and
he pointed to a book that helped me assess of what had happened. When I
sent him the transcripts, he barely changed anything, and found my treatment
of the issue sensitive.

The book Paul Lauterbur gave me is Donald P. Hollis’s Abusing Cancer
Science: The Truth about NMR and Cancer (The Strawberry Fields Press,
Chehalis, Washington, 1987). From this book I would like to quote a few
passages that are appreciative with respect to Damadian’s contributions. I am
doing this because in my reading, the newspaper ads and the hoopla around
them have created a notion that might mask the value of Dr. Damadian’s
real contributions. In addition, it is a sad consequence of the Nobel Prize
that those who are left out in most cases are not even accorded an “honorable
mention” in Nobel dealings. The Nobel Prize — even if it may not be
the intention of the Nobel Prize committees — often contributes to rewriting
science history. From this point of view, it is worthwhile to quote a few
brief excerpts from Hollis’s book what seems to me an objective evaluation
of Damadian’s contribution (pp.174-175):
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Damadian had clearly made a provocative contribution to medical
NMR when he showed the differences in relaxation times between
the normal and malignant rat tumors and suggested that they
might be used to diagnose cancer in humans. That provided a
reason for further study of cell NMR and a goal for the early
imagers. No one that I know of has ever denied Damadian
credit for that contribution. Most people, sensitive to Damadian’s
desire for credit, emphasize that this idea, at least with respect
to cancer, is Damadian’s and his alone.

Damadian’s cancer work gave Lauterbur a reason to invent
imaging.

Lauterbur had the idea of making pictures of the human body
by NMR and he invented and quickly demonstrated a practical
way to do it. It is not difficult to imagine the feelings and
disappointment of a person like Damadian when he realized
that his observations had played a role in calling Lauterbur’s
attention to the fact that tissues of the body had different NMR
properties and that had he possessed Lauterbur’s education,
background and more general view of science, he, himself, might
have been the one to invent NMR imaging.

I would have been interested in meeting Dr. Damadian and including a
conversation with him in this volume; I wrote to him inviting him for
an interview. I was willing to visit him; alas, I received no response.
There was a controversy of a somewhat different kind around the 2000
Nobel Prize in Physiology or Medicine and I am pleased that all three
laureates and also Dr. Hornykiewicz agreed to record a conversation with
me. In this case, the person who was left out, Dr. Hornykiewicz, did not
wage a protest to be sure, but many on his behalf did. Whereas in the
case of the 2003 Nobel Prize in Physiology or Medicine where there was
an unused third slot, in the case of the 2000 prize, all three slots were
filled; nobody questioned the prize-worthiness of any of the awardees;
however, the prize could have been formulated in other ways as well beside
the way it was formulated and with other compositions of the laureates.
There was no controversy in the 2000 Chemistry Nobel Prize, yet I would
have loved to interview Hideki Shirakawa in addition to Alan MacDiarmid
and Alan Heeger; alas, it did not happen. The most intriguing question to
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Shirakawa would have been about his Korean colleague who for the first
time — quite by accident — produced the conducting polyacetylene polymer.
There have been various versions of this accidental discovery, which was the
foundation from which the work emerged that was ultimately awarded the
Nobel Prize to Heeger, MacDiarmid, and Shirakawa. In his e-mail of April 30,
2002, Shirakawa gave me the name of the Korean scientist, Dr. Hyung Chick
Pyon and clarified what happened: “It is rumored that the silvery form
of polyacetylene film was discovered as a consequence of a linguistic mis-
understanding between the visiting Korean scientist and me. But this is
totally incorrect. He was a fluent speaker of Japanese because he was educated
in Japanese while Korea was occupied by Japan for 35 years before World
War I1.”

As I have written, this interviews project is merely a Hargittai hobby,
being a side product of our main activities. As travel takes us to places,
mostly lecture invitations and, to a smaller extent, family vacations, we
try to use them to cultivate our side interests. In the [European] Summer
of 1999 I was invited to a visiting professorship at the University of Auckland
in New Zealand. Magdi and I organized the trip in such a way as to include
a stopover in Bangkok and to interview Princess Chulabhorn, who is also
a research chemist. Herbert Brown [ Candid Science I, pp. 250—-269] made
the connection between us. Hence a most unusual encounter took place.

In addition to the acknowledgments already expressed above, I would
like to thank the following for invitations and hospitality extended to us
that made some of the interviews possible: Richard Henderson and the
MRC Laboratory of Molecular Biology in Cambridge in 2000, James Watson
at the Cold Spring Harbor Laboratory in 2002, Ingemar Ernberg at the
Karolinska Institute in 2003, Alex Varshavsky at the California Institute
of Technology in 2004, and Gunther Stent at Berkeley, California, in 2004.

Balazs would like to mention his postdoctoral stay at the University of
Arizona in Tucson that brought us to the meeting with Donald Huftman (and
Wolfgang Kritschmer) and express his appreciation to Miss Amy K. Croskey,
a student of Saint Francis University for her assistance in transcribing some
of the Larson interviews. We are both grateful to Magdi for her letting
us include a couple of her interviews in this volume and for her untiring
support and help in bringing this project to completion. I am gratetul
to the Budapest University of Technology and Economics and the Hungarian
Academy of Sciences as well as to the Hungarian National Scientific Research
Funds for their support of our research activities in structural chemistry.
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Balazs is grateful to Saint Francis University in Loretto, Pennsylvania, for
support and encouragement.

We note with appreciation that some of the entries — often in a some-
what different form — had appeared — as always duly noted — in The
Mathematical Intelligencer, The Chemical Intelligencer, Chemistry Inter-
national, and Chemical Heritage (in the latter with Alfred Bader’s generous
support).

Budapest Istvan Hargittai
Loretto, Pennsylvania Balazs Hargittai
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H. S. M. (DoNALD)
COXETER

arold Scott MacDonald Coxeter (1907, London — 2003, Toronto)

was Professor Emeritus at the Department of Mathematics of the
University of Toronto when my wife and I visited him on August 1,
1995 and I recorded the following conversation with him.* We met on
other occasions as well, mostly in symmetry meetings in Northampton,
Massachusetts, Stockholm, and Budapest, but this was the only occasion
when we did such a recording.

It would be difficult to give a better characterization of Professor
Coxeter’s activities than what Buckminster Fuller wrote about him as
he dedicated his opus magnum, Synergetics, to H. S. M. Coxeter: “By virtue
of his extraordinary life’s work in mathematics, Dr. Coxeter is the geometer
of our bestirring twentieth century, the spontaneously acclaimed terrestrial
curator of the historical inventory of the science of pattern analysis.”

You have three first names. Which is the one you like most?

I prefer to be known as Donald. The original intention of my parents
was to call me MacDonald Scott Coxeter but some stupid godparent said
that I should be named after my father and they added Harold at the
beginning. That made Harold MacDonald Scott. The initials then would

*In part, this interview has appeared in The Mathematical Intelligencer 1996, 18(4), 35-41.



4 Hargittai & Hargittai, Candid Science V

Donald Coxeter with his daughter in the Hargittais’ home in Budapest, 2000 (photograph
by I. Hargittai).

look like a ship, H. M. S.; Her Majesty’s Ship. This is why they switched
the two names, and it became Harold Scott MacDonald. What I have
done lately is to use H.S. MacDonald Coxeter.

You have a son and a dawghter. Did they follow your footsteps?

Not at all. My son got interested in the church and took a degree, Master
of Theology. As a minister he did not fully enjoy anything except the
parish visiting, looking after unfortunate people. Eventually he gave that
up and got a second degree as Master of Social Work. He did something
about rehabilitation of drug addicts, then got interested in geriatric hospitals
and getting supplies for them and he is still in that position now in the
state of New Jersey. My daughter married an accountant. She is a Registered
Nurse and she lives in a small place between Toronto and Hamilton. We
can visit her more easily than our son who is 800 km away.

Grandchildren?

I have five grandchildren and four great-grandchildren.

You wrote somewhere that your hobby was music and travel. When you
listen to music, do you relate it in any way to geometry?
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Not directly, but the artistic feeling that one has is very much the same
in both cases. Before I took up mathematics, I was very interested in music,
to the extent that I tried to compose. Between the ages of 7 and 14
I did a lot of musical composition, under the guidance of Tony Galloway,
an old friend of my family who was a very expert violinist and a sadly
neglected composer. He taught me a lot about the theory. I wrote a lot
of piano pieces, and songs that my father used to sing. I was even so
ambitious as to write a string quartet. However, very few of them are
worth preserving. Two samples can be seen after the biographical sketch
at the beginning of my new book Kaleidoscopes. It was edited by F. A. Sherk,
one of my former students. He collected 26 of my papers that had to
do with symmetry.

Who turned your attention to geometry?

It was pretty much by myself. I was always interested in the idea of symmetry.
When I was 14, I was in a boarding school in England, and happened
to have some trivial illness. In the school sanatorium I was put in a bed
next to a boy called John Flinders Petrie and he became a firm friend.
(He was the only son of Sir Flinders Petrie, the great Egyptologist.) He
and I looked at a geometry textbook with an Appendix on the five Platonic
solids. We thought how interesting they were and wondered why there
were only five, and we tried to extend them.

He said, if you can put three squares around a corner to make a cube,
what about putting four squares around a corner? Of course, they’d fall
flat, giving a pattern of squares filling the plane. He, being inventive with
words, called it a “tessarohedron”. He called the similar arrangement of
triangles a “trigonohedron”. Later on he said, what about the limitation
of putting four squares around the corner and why not more than four?
Maybe you can put six squares around the corner if you don’t mind going
up and down in a zigzag formation. Thus he discovered a skew polyhedron
with “holes”, a kind of infinite regular sponge. He also noticed that the
squares in this formation belong to the cubic lattice. He saw that it can
be reciprocated so that instead of six squares at each vertex you have four
hexagons. He noticed that this could be obtained from the uniform
honeycomb of truncated octahedra fitting together to fill space. The hexagons
of the truncated octahedra come together, four at each vertex, and continue to
form a sponge filling all space; so this was a second skew polyhedron. Then
I said if you can have six squares and you can have four hexagons, why
not even more: why not have six hexagons at the vertex as in the space
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filling of tetrahedra and truncated tetrahedra? Then we extended the Schlifli
symbol by which the cube is called {4, 3} and we called these new polyhedra
{4, 6|4} and {6, 4|4}, and {6, 6|3}, the number after the stroke indicating
the nature of the holes one sees in the sponge.

Before we left school, we went on to consider what’d happen in four
or more dimensions and other things which later we learned had been
discovered before, by L. Schlifli in Switzerland.

Did your friend also continue in geometry?

He did, and became quite clever at it. Unfortunately, because his father
belonged to University College London, and my teacher wanted me to
go to Cambridge, we went to different universities. He did quite well
at University College and then the war came, World War II; he enlisted
as an officer and was taken prisoner by the Germans. He organized a choir
there. After the war ended and he was released, he went to a well-known
school in southwest England, Dartington Hall, and he had a rather trivial
job there. He never seemed to fulfill his early promise. He just became
a tutor who looked after children who were not doing well in school.

But he still corresponded with me, and it was he who noticed that
when you take a regular polyhedron and look at the edges, you see that
there is a zigzag of edges that go round and close up; for instance, if
you take those edges of a cube that do not involve one pair of opposite
vertices, they form a skew hexagon. We call this the “Petrie polygon” and
it is now a well-known property of a regular polyhedron to have a Petrie
polygon: a skew polygon in which every two consecutive edges, but no
three, belong to a face.

Is he retived now?

No, he died. A very sad story. He married a very lovely lady and had
a daughter and all went well. Then somehow his wife got a heart attack
and died. He was so distraught, missed her so terribly that he didn’t know
where he was going, and he walked into a motorway in England where
the cars were going at a huge speed and he just didn’t know what was
happening and one of them killed him, just two weeks after his wife died.
This was about 24 years ago.

Buckminster Fuller called you “the geometer of the twentieth century”.
How did you get to know each other?
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This is a terribly exaggerated statement, but he was given to that sort
of writing and speaking. He was a dear old man, and I was quite fond
of him but he had overblown his stars as a mathematician. He was really
a very good architect and a very good engineer. His geodesic domes are
really a wonderful thing. But when he got into mathematics he was a
little bit amateurish.

Did he claim that he was o mathematician?

I think so, yes. He liked to invent different names for things. For instance,
the cuboctahedron he called “vector equilibrium” or something like that.

How much interaction did you have with him?

Very little. Once Hendrina and I visited him in his home in Southern Illinois.
I have a friend who is a Professor of Philosophy in Carbondale, and while
we were there, we visited Bucky’s polyhedral house. As people passed by,
they were very curious, and he finally had to build a high fence around
the house so that people couldn’t see it and he could have some peace.

How far back can we detect the rvegular polybedra in human history?

Of course, Plato wrote about them and this why they are called Platonic
solids. Obviously the Pythagoreans knew them before that. Sometimes the
archeologists find dodecahedral dice. That sort of thing is what I mean
when I say that we don’t know how far back they go.

In some of your writings you distinguish between crystallographic solids
and others such as the icosabedron and dodecabedron. Nowadays, however,
this distinction is quite blurred.

That’s true. Just look at the writings of Professor Marjorie Senechal. I'm
just reading her lovely book Quasicrystals which refers to some recent papers
of mine.

So even geometry is changing and evolving.

As in all branches of mathematics, there is a tremendous increase in
productivity. Research goes on and much of it I have no inkling of. If
you only look at the development of Mathematical Reviews, when they
first started about 1940, it was quite a thin volume, and each month they
got more and more and eventually there were hundreds of thousands of
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Magdolna Hargittai and Donald Coxeter
in his office at the University of Toronto,
1995 (photograph by I. Hargittai).

papers being written and so the later volumes are ever so much thicker
than the original ones.

Geometry is very important in chemistry. We have simple but very helpful
models of molecular geometry, but teaching them in a freshman chemistry
course in the U.S. is rather hindered by the students’ lack of knowledge
of basic geometry.

It’s even worse in England, where in school they teach almost no geometry.
Your books are full of quotations. How do you collect them?

Just by noticing. I must have read a lot, and I just remember them.

Do you return to books that you’d read before or you just keep moving
on to other books?

I just move on to other books. When I was young I was very interested
in stories by H. G. Wells and when I was a student I was very interested
in the plays of G. Bernard Shaw.

You have had some connections with M. C. Escher.
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First, at one of the International Congresses of Mathematicians which took
place in Amsterdam, there was an exhibition by M. C. Escher. My wife,
being Dutch, naturally talked to him when he was exhibiting his art to
the mathematicians. So she got to know him and that was very helpful;
we kept up correspondence. Later I wrote an article for the Royal Society
of Canada: my Presidential address for Section III, on symmetry. It included
a Poincaré-style model of the tessellation of (30°, 45°, 90°) triangles filling
the hyperbolic plane so as to form a black and white pattern. Escher saw
this and thought it was just what he wanted. In some of his work he
had got tired of filling the plane with congruent figures, fitting together,
and he thought how nice it would be if they were not congruent but
just similar and changed size while keeping their shape. Escher liked these
things because they fulfilled his wish to make a pattern in which he had
fishes, for instance, of a good size near the center but getting smaller
and smaller as he went towards the circumference. He made Circle Limat I
and then Circle Limits I1, 111, and IV. Circle Limit II1 was particularly
interesting because it had four colors besides black and white. It was closely
related to the hyperbolic reflection group that I'd described.

Did you inspive him to this work?

That’s right. He was very pleased with this idea. After he had seen that
paper of mine he did Circle Limits 111 and IV. He had done Circle Limits
I and II before.

Did he construct his dvawings with precision?

Extraordinarily well, yes. There was a very interesting apparent exception
because in Circle Limit 111, if you look at the rows of fishes following one
another, they have white stripes along their backs so that the circle is filled
with a pattern of white arcs that cross one another. It is remarkable that
the spaces between the white arcs appear to form a tessellation of hexagons
and squares. Yet the white arcs cross one another, three going through
cach vertex; therefore they cross at angles of 60 degrees. In particular,
you seem to have triangles all of whose angles are 60 degrees, and that,
of course, is wrong because such a triangle would be Euclidean and not
hyperbolic. Bruno Ernst, in his book about Escher, The Magic Mirror,
page 109, was similarly disturbed, saying, “In addition to arcs placed at
right angles to the circumference (as they ought to be), there are also
some arcs that are not so placed.” I was interested in this and looked
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at it for a long time and at last I realized what had happened. By careful
measurement, I saw that all those white arcs meet the circumference at
an angle which is very close to 80 degrees instead of 90 degrees. In fact,
each of the white arcs does not represent a straight line in the hyperbolic
plane but one branch of an equidistant curve. When you put it that way,
everything falls into place, and you see that Escher did those drawings
with extraordinary accuracy: when I worked it out trigonometrically I found
that the angle of 80 degrees is actually arc cos [(21/4 — 271/%) /2] = 79° 58°.

Was he aware of this?

<«

Absolutely unaware. In his own words: “... all these strings of fish shoot
up like rockets from the infinite distance at right angles from the boundary
and fall back again whence they came.”

Was it intuition?

True intuition. He came to hear me give a lecture once, and I tried to
make it as simple as possible; he said he didn’t understand a single word.

Mathematicians and crystallographers recognized Escher before anybody
else. What was his main appeal?

It was the appeal of symmetry.

You give a definition of symmetry in one of your books and that definition,
very geometrical, is based on congruency. How far, do you think, such
a rigovous definition can be relaxed?

With Escher we’ve relaxed it to considering shapes that are similar instead of
congruent. Groups of similarities are more general than groups of isometries.
More precisely, groups of isometries occur as normal subgroups in groups
of similarities. Part of the fascination for me was to look at presentations
of groups. The groups have generators which satisfy certain relations. There
is actually something they call a “Coxeter group” which means you have a
certain number of generators of period two and you specify the periods of
their products in pairs. Such a presentation they now call a Coxeter group.
It’s a very simple idea but apparently nobody had put it like that as defining
a particular family of groups. Then it turned out that some of the C