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Conversation
with

Freeman J.
Dyson

Freeman Dyson was born in
Crowthorne, Berkshire, England,
in 1923. He received a B.A. in
Mathematics from the University
of Cambridge in 1945, studied
bombing operations as a profes-
sional strategist for the British
Air Force from 1943 to 1945, and
then taught mathematics at Impe-
rial College in London for a year.
Arriving at Cornell University in
1947 with a Commonwealth Fel-
lowship, Freeman Dyson studied
theoretical physics with two nota-
ble masters of the field, Hans
Bethe and Richard Feynman. In
the summer of 1948, Dyson
achieved recognition for demon-
strating the connection between
what appeared to be two radi-
cally different approaches (one by
Julian Schwinger, the other by
Feynman) to explaining the
breakthrough experiment on hy-
drogen atoms performed at Co-
lumbia University that year.
Dyson joined Princeton ’s Institute
for Advanced Study as a visiting
member, returned to Cornell as a
physics professor, then in 1953
accepted the position of professor
of physics at Princeton ’s Institute
for Advanced Study, where he re-
mains today. He has received nu-

Interview conducted by Janice K.
Mandel.
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merous awards and honorary de
grees from around the world in
recognition of his contributions to

his field.
How did you become interested
in science?

Sir Frank Dyson was a leader in
international astronomy at the

[ his career in the 1930s.
only held the position of
mer Royal but was also
it of the International As
ical Union, and justby
jincidence he happened
ve the same name that I do.
B¢ was no relation. He came
from the same village as My fa-
ther. and I heard all about him
when I was a kid, so he was &
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' got agood deal of glory as well.

This was

You recently found a fiction
" Jjece you wrote at age 9 among

| your mother’s papers. How
" does this reflect the times and
| the impression they made o=

: That is the only document
happens to have survived

| my childhood. It was a frag: .

of a seience fiction story abo

the collision of the asteroid ©

\Which comes fairly close to

in its orbit every 37 years)

.
it

and the Moon, which of course
was a completely fictional event.
Eros did happen to pass by the
Earth in 1931, however, which
was an important event for pro-
fessional astronomers— it gave
them the most accurate measure-
ment of the distance from the
Earth to the Sun, which sets the
scale for everything else in the
Universe. Sir Frank was organiz-
ing the observations by profes-
sional astronomers and the analy-
sis of the data. This was in the
newspapers and I, no doubt,
heard about all this while it was
going on. I was 7 years old. The
characters in my story were
borrowed from Jules Verne, but
the leading character, Sir Philip,
was no doubt modeled after Sir
Frank. Sir Philip was the one
who calculated the orbit of Eros
and predicted its collision with
the Moon.

What was it like to come across
this story nearly half a century
later?

I was amused to see how little I
had changed. I was a writer be-
fore I was a scientist, and I was
always in love with spaceships.
What is striking in this little frag-
ment that I wrote is that I'm de-
seribing professional astronomers
in the story and they never look
it the sky. They're always either
out fundraising or sitting at their
s doing calculations. That

me S0 years later as re-

Iy realistic. That was ex-

it was and still is.

i you choose an area of
for concentration?

cen interested in physics
I was a kid in high schoal,
i I zot sidetracked into mathe-

nutics because during the war all

the physicists were away work-
ing on radar and other such in-
teresting things. So there was no
physics being taught, and then

I became a pure mathematician
more or less because there were
still some good pure mathemati-

cians around.

What is a pure mathematician?

A person doing mathematics for
its own sake. It's an art form. It
is like painting or music: you do
it because it’s beautiful. It hap-
pened that my mathematics
teacher in Cambridge was a man
called Hardy who was also a
rather gifted writer who wrote a
famous little book about this sub-
ject called A Mathematician's
Apology, which explains what
mathematics means to him. I
think it's the best statement
about mathematics that has ever
been written. He describes what
real mathematics is about as op-
posed to applied mathematics.

What made you decide to turn
to physics?

The atomic bomb had been ex-
ploded out of the blue sky in Au-
gust 1945 —all the work on nu-
clear energy had been

completely secret. I had been in-
terested in nuclear energy as a
possibility, but I'd always
thought about it as remote and
distant. Smythe, at Princeton at
the time, wrote the Smythe Re-
port published on the day that
the bombs were announced in
1945. 1 found it admirable that
the United States government
published this book explaining
roughly what had been done and
how and why. To me, that book
was a great inspiration. It made it
clear that this was a great piece
of work and something I should
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port that immediately made me
switch to physies. OFf course, I've
always been switching bnd:’md
forth; 1 never really gave up
mathematics,

You arrived at Cornell in 1947
for a year's study sponsored by
a Comm ealth Fellowshi
and have said that "It was the
best possible time for me to be
tlle'r‘e, Great things were golng
on.”" What was Mpml“‘?

When I came to Cornell in the
fall of 1947 there was one tre-
mendous puzzle which every-
body was excited about. Some
new experiments on hydrogen
atoms had been done at Colum-
bia which could not be explained
by the existing theories, so it was
a real challenge to everybody to
try to understand these experi-
ments. So that’s what we were
working on, particularly Hans
Bethe, who was my supervisor at
Cornell. He’s sort of my spiritual
father as far as physics goes. He's
a great man and he had pro-
duced a very good approxima-
tion to a theory of these Colum-
bia experiments, but there were
still all sorts of problems with it

and so that was the job he gave
me to explore.

Can you describe this puzzie in
simple terms?

The problem was this: We had a
theary of radiation which was
developed mostly in Germany
around 1930 called Quantum
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“‘Science is better done
without a plan. It's all
just exploring.”

e

Electrodynamics. That was the
standard theory of atoms and ra-
diation, which gave a generally
correct description of atoms
emitting and absorbing light. it
was generally believed to be a
correct theory, but it had all
kinds of pathologies, what are
called divergences, which meant
if you tried to calculate things
accurately it would give you the
answer infinity. Nobody under-
stood why the theory seemed to
be to first approximation always
good, but if you tried to go
beyond the first approximation it
seemed to be nonsense.

Then came the Columbia ex-
periments led by Willis E. Lamb
in 1946 or 1947, These marvel-
ous experiments forced you to go
to the next approximation be-
cause they were a thousand
times more accurate than the
prewar experiments. So we had a
thousand times more precise ex-
periments of hydrogen spectrum,

and so you had to have a better
theory in order to explain these
experiments,

While searching for a solution,
you enjoyed some fame
yourself. Would you explain?

During that vear at Cornell there

were two completely separate
new ideas on the problem: one

from Schwinger, one from Feyn-
man. They were professors. each

only about age 30 at the time.
Feynman was at Cornell;

Schwinger was at Harvard. Both
of them were getting exciting re-

sults and better o

theories were s0.
wvery hard to unds

of them precisely, and
also a problem because
of them was published
you had to learn about they |
talking to people. So, { wae :.
very happy position of bej,.,
friendly with Feynman ang
in the summer following the
at Cornell, T went to the
sity of Michigan in Ann A
and had Schwinger for a iy
week lecture series. 1 was Nt
very lucky to have both of yy...
thrown into my hands,
By August 1948 y'q had
enough physics, so 1 wen off o
holiday in a Greyhound by
spent a couple of weeks iy, 3
Berkeley, mostly just readipng ;.
the library and wandeﬂ“g Bin
around. After two weeks, i
beginning of September, § Yook
the Greyhound back east, and
while T was sitting there oy the
bus in the middle of the n'ightg
somewhere in Kansas, suddes

the whole thing came togethe, :
and Schwinger and Feynmag idle for
suddenly both made sense and fit totid
together beautifully. That Was t
the big moment I'd been waiti
for. As usual, you only get 50::‘5 Do'¥¢
kind of revelation of this king i todo
you stop working for a few o
weeks. After that 1 became macth
famous very rapidly, because
that was the latest fad at the tme You
and people tend o run after the s
latest fad, so I was in the hapw Jou
position of being sought afier Eﬁt itis
a year or two. lYon
Q!
tio

Are moments of revelation like
this one of the rewards of
science?

It is something that you can’
ther work for or manage; you
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W%"t e h;:: I spent a g.ll]
g Jogging study-
sofr”l baﬂilsSc%%vinger,
ynmmétgnt sitting at my desk
et and days calculating,
¢ day* 1 understood the ‘de-
ng > s the discipline you've
; _ But then, }’Ol_;(
o a few weeks
g tl;;feotﬁ::; settle down in
lﬂ"tbm).m;c:;‘ous and give it a
e come up with some-
B That seems to be how
'-'?ew.,lvog-ks: you have to do
. fbmgwork first, and then be
. dawhile to give it a chance

f i ew.
¥ to something n
o tur?

cil

lent
: eed a particular ta
00 "j":,:,mncal physics? Does

o 4o re a background in both

" hand physics?
l ; certainly need the talent, but
_p more than that I suppose
need the drive or whatever
that forces people to s_pend
hours doing calculations.
have to enjoy doing calcula-
not just be good at it.

How does a theory start? Do you
start with an impression, an
Image, an Insplration? How do
you work the process?

For me it comes from writing
down equations and trying to
solve them. It's not really con-
cerned with images at all. There
are a great many different kinds
of scientists with different ways
of thinking. My way of thinking
is mostly just in terms of mathe-
matical symbols. When I'm
building structures, they are
really systems of equations.

Do you have some end in mind
when you begin?

I start with a problem, which
means I'm trying to calculate
something. For example, at the
moment I'm interested in the
problem of taking a square array
of points, like a chess board,
throwing down a circle at random
and calculating how many points
will lie inside the circle. If things
go well, out of it there might
come a new way of doing the cal-
culation or there might come a
new understanding of the prob-
lem; anyway, we’ll see. Science
is better done without a plan. It’s
all just exploring. So you get a
small step ahead and then you
look arcund and see where you
might go next.

You knew Richard Feynman as a
young professor at Cornell long
before he won a Nobel Prize.
Can you describe your
association?

I tound him absolutely fascinating
because he was completely dif-
ferent from everybody else, and
s interested in everything.
timnes he would be furiously
1 he would just say “Go

way!™ not allow you into t.he
:O:I:'. ‘I"?nne:-in, if he felt like it, he d
go out for a long walk and invite
you to come along. So we wou
2o and walk through the hills
around Ithaca, and he would tell
me the story of his life. I just got
to admire him enormously. He
struck me as being so unusually
sane and, at the same time, in a
pleasant way, crazy. It was a very
good combination.

Can you tell me about some of
those crazier times?

Dick invited me along on a trip
to Albuquerque. For me it was
just a joy ride. Dick was going
there to make up his mind and
find out if he was going to marry
a girlfriend he had there. His
first wife had died of tuberculo-
sis about two years before, and
he always said “If you've been'
happily married once, you can t
stay single.”” ¥ spent three days
driving across the country in a
car with Feynman, and that was
the time I got to know him best.
We got caught in a flood, and we
had some wonderful nights in
sleazy motels where we had the
chanee to talk about all kinds of

things.

Among the things you learned
from Feynman, what stands out
in your mind?

He had been deeply involved in
the Manhattan Project in Los
Alamos in 1945 and had an ex-
tremely realistic view of the
atomic bomb, which I found very
helpful. He considered the thing
to be unavoidable, a trap we’d
fallen into. But he didn’t see any
good coming of it at all, and as
far as he was concerned, he was
not going to have anything more
to do with it. So for the rest of

419




in defenses were very
grandstand view of
campaign, and that
a burning compulsion
my life to try to
the strategic bomber peo-
0 me, it doesn’t matter
‘bombs are nuclear or
an evil thing and it has g
ftect on people.

the whole, Y'm in favor of it
because 1 think saving lives by
shooting down missiles is a good
idea. Unfortunately, the SDI pro-
gram as it has been run has been a
very corrupt kind of an enter-
prise. I'm not against it on any
political grounds, but on techni-
cal grounds it doesn’t do what it
Promises. What the Patriot Sys-

tem does very nicely, as we've
Jjust seen in the

Middle East, is to
shoot down missiles when they're
coming to a well-defined small
area, and not too many at a time,
That’s a technical problem that
we know how to solve. Whereas
what the SDI wag advertised to
do is to defend a huge area
against a huge threat, and it
never really had the hope of

doing that to the extent that was

promised. So the program has led
to very little that's valuable,

being a scientis is g

tially, it is an gy

of a very sketchy king
ing the Univerge is a
taken out of 2 poem b
Eliot, “The Love Sgp, of 1
Alfred Prufrock,” i,
80Ing up the stairs, feeling
shy an g

turb the Univerge?™ Sgi &5&
the theme of the book, that's
what we’'re doing as sciéntigtg‘
It’s sort of erazy, but thay's 4
way it works. We tinker

and build toy

g0 boom and

is disturbed_

of my life in a w

the metaphor,

ay, at least







