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20 September 1979

This is a short statement concerning an important question in the
wartime history of Los Alamos. And that question is, "How the idea of
the implosion emerged." When we started work the only program that
existed was to assemble the parts of the bomb with the help of a gun.

Within the first few weeks, and I don't know the precise date, one of
A

the participants, Seth@&&hmu%@#igs?;roposed a different approach. That

was the approach of implosion. 5Seth did not have any real idea how

important the implosion would become from the point of view of compressing

the material. A1l he was after, and it was a very sensible point, that by

this high-expTlosive method you can go ahead with the assembly faster and

thereby decrease the probability of predetonation. And indeed predetbnatian

was a concern of all of us at that time. I again do not remember the precise

date, but perhaps a couple of months after Los Alamos was started up, it may

have been around the first of June but it may have been sooner or later,
"Bohnny Von Nedmann came on his first visit and almost immediately he gave
us a talk about a very remarkable effect with which we were not familiar
at the time, but with which we are all familiar now--the formation of jets.
He described that and described the theory of it and then suggested that
the 235U or plutonium may be assembled by the same mechanism. Actually
toward the end of the war I together with some members of a group that 1
led tried to make calculations about that and see whether it would be an
alternative. I don't think it is a viable alternative and we did it only
for sake of completeness. After the lecture Johnny came home with me and
I don't remember whether it was in the lecture, I think it was actually in

the lecture, that one of us, and I think it was myself, mentioned to Johnny
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the approach of Seth Nedgheyer, the implosion approach which actually at
!

that time not many people took seriously. Even as early as that we

already had a bit of a mﬁ%omania of pursuing one definite program and
nothing else. Johnny got interested and in my home--one of those four-
family barracks--we started to make crude caiculations based on an
exceedingly simple idea; namely, the obvious idea that solid matter 1is
incompressible. Since the same amount of material had to go first through
a shield of the surface 4ﬂR]2 and then through a surface 4nR22, R2 being
smaller than R1, the material had to be speeded up so that the velocity
should be proportional to 1/R2. From this he thern proceeded to calculate,
very accurately but without any particular art, not only the high velocities
that one would obtain starting with the velocity in part of the high
explosives, a quantity which at that time was unknown to me. But he also
derived accelerations and the pressures that were needed. Now by the time
he had that formula I remembered something. The pressure that one got that
way went into the megabars and in fact on the incompressible assumption

you would have reached easily 1000 megabars. At that point I said, “"wait

a moment." I knew something about geophysics and I knew that at the center
of the earth at the pressure of mé;Le b megabars, I do not remémber now

and did not remember then the precise figure, but a few megabars iron is
compressed 20 or 30% and that at the pressures which would occur if we
assumed incompressible materials the materials in fact could not remain
incompressible. It was also by that time very clear to me that a compression

by a factor of two would greatly influence the critical mass and the



Jud 28 2884 15:23 FR R L GARWIN IBM 914 945 4419 TO KT P.A4-21

t - N n”\i“:"“.

conclusion was then evident that implosion would be an excellent method
not only in order to avoid predetonation but also to save critical
materials of which at that time we had very little, and the earliest

time at which nuclear explosives could be used would depend on this
compression in a decisive manner. Next day we discussed that quite
generally, the idea started to catch on. It was taken by that time quite
seriously but was not completely acceptable until at a somewhat later

period when Segre®é®} observed spontaneous fission, which of course

increased the danger of predetonation and made the implosion that much 5%"
more desirable. rjhere is one point that should be well to remember, from

the very beginning Johnny proposed and, of course, I had worked with him
and participated in all these things, that the implosion should be started
from a shell., There ensued long debates concerning stability and that

this would be completely reliable. The eventual case design to have
uranium to help the plutonium assembled, a subcriticg] amount, in a solid
sphere and only implode the reflector upon it, the'zgaﬁer on it. That

was a suggestion which was acceptable because of excessive caution, because
we wanted to be very sure that there is no mistake but that what one could
do much better had been generally realized and indeed it had been made
plausible, although not foolproof, that the implosion would be symmetric
enough even if it started from a thin shell. One last remark, the detailed
caleculations for the implosion taking into account compressibility were too
hard even for Johnny. But by that time he knew enough about the handling

of computers and the use of computers in soTving partial differential
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equations so that he suggested, and the suggestion was accepted, to introduce
into Livermore, into Los Alamos--sorry for the Freudian slip--clumsy IBM
equipment by which the calculations should be carried out. I have to Justify
my Freudian slip, when after a lot of effort and years later Livermore got
established my first proposal that was at once acceptable was that we must
acquire the services of a computer before we did anything else.

Keyworth--Excuse me Edward, I have one question about this. [ was
uﬁaware that the concept of a shell preceded the concept of a solid
fissionable ball. Could you comment more on how this evolved?

Teller--The shell was the first concept frem wh1iﬂ we started. I
suspect, in fact I'm practically certain, thatfﬁédgﬁayer had i?}and Johnny's
first calculations, crude calculations, were based on that very shell. ‘Next
day when we started to persuade people that this is how one should behave)it —
was the shell that was discussed. Of course from then on the problems
became quite difficult because we had 1ittle idea about the equation of
state that was to be used. We had only indications there. But already on
the first day we began talking about compressions as high as 5 f .v. A -
lot of the later discussion was concerned with the stability of the shell,

I particularly remember it in one connection. I had the‘job, among others,
to indoctrinate newcomers and one newcomer whom it was a great pleasure to
indoctrinate a couple of years later was Enrico Fermi. And in telling him
about the various things including this story of the implosion I pointed

out to him that one of our chief worries was to be sure that in the implosion
no instabilities developed and one of my challenges to him, which was in

fact a challenge to all of us, is to come up with a really hard proof that
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there would be no‘instabiITty}and Fermi coudn't do it, neither could anybody
else, And that is why at a quite late date shortly before the first test

we retreated to the so-called “cny&tysgadget“ which started from the solid

ball and there instabilities could in the end, even if ‘they occurred, do

only limited damage.
Keyworth--50 here we are more than 35 years later with the role of

instability still completely un-understood in primary design and untreatable

mathematically. Hmm!
Teller--But we are familiar with it and if we are familiar with it we

are less afraid of it, which may be right or wrong.,

Keyworth--True, but our familiarity is entirely empirical, no more
ol
pgﬁund.

Teller--This will be a summary of the sequence in which the ideas

about the hydrogen bomb have arisen, Of course it is incomplete because

I talk only about the things in which I have participated. But as far as
development is concerned, from the beginning to the C}’“‘**r? I believe

I have participated in most of the events as far as the hydrogen bomb in the
United States is concerned. It started at Cotumbia and in this case it was
an idea of Enrico Fermi that triggered it. We had usually lunch in the
faculty club-and as we came back from lunch to Pupin I remember that Fermi
stopped just before Pupin and said, "Now, 1f the nuclear bomb‘works we can
‘reproduce fusion as the (:i%’ﬂ%?dﬁ“”“34n the sun, except that of course we
would not use hydrogen but deuterium where the cross section is very much

bigger.* I gave it some thought and practically a week later we went to
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the Fermi's, Mitzi and I, went for a walk and on the walk I proved to Fermi

that it was a bum idea.

Keyworth--What year was this, Edward?

Teller--That was, I am not quite sure, yes. I have to calculate
backward, We came to Livermore, er, again, we came to Los Alamos in the
spring of 1943. I believe to tell you about the discussions we had in
Berkeley in the summer of 1942. This must have been in the fall of 1941,

1 proved to Fermi it could not work because in order to get decent cross

sections we needed high temperatures and at those high temperatures the
whole--practically the whole--energy-would go into radiation. Therefore

the reaction would certainly not work; Of course I talked only about the
W case of equilibrium, but that passed unnoticed, unnoticed by me and
unnoticed by Fermi, and he accepted that it could not be done. A few
months later, in the spring of 1942, the Met lab was established in Chicago.

e L
ol And I was put together in a room with Kgﬁhopinsgy, told to work with him

and we had absolutely nothing to do, no program for us. I was told, "do
whatever you think is reasonable." So at that time I was $t{1l in the

strange state that I thought what is reasonable is the same thing as what

is fun. A state from which I had to retreat but which may have been more
Jjustified than most people believe. /?At any rate at that time I thought it
would be fun to write down this argument of Fermi and the proof that it

could not be done so that the mistake should not be repeated, and [ remember

taking out the pad, you know with nothing on it, and I said now here are the

¢ . . : ¢
- caleulations. And kiesky (which is what we called Kopnopinsky) made a very

,’.'_ Il(;_/'{:#r
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serious face and said, "Yes, I see that you have used invisible ink." 3o
I had to confess to him that the problem may never have been written down.
But I tried to explain to him and the more I explained the less convincing
it was. By that time I was conscientious enough to say that of course
equilibrium would be established. And indeed by that time I had convinced
myself of this in the case of uranium. That in the case of hydrogen
equilibrium would take longer was clear, that it would take so much Tonger
as to make a real difference, this was not clear. But after a discussion
that 1astedJa week or two I was now conversely convinced and 50 was
qundpins§§ that the Super (the hydrogen one) could be realized, probably

by using an atomic explosion and sending a shock into liquid hydrogen. or

rather liquid deuterium.

In the late spring of 1942 the job of theoretical leadership of the
project which had been helﬁgd by Gregory é%i;;g was transferred to
Oppenheimer, Oppenheimer called a conference in Berkeley to which Bethe
and I, BToh:, Serb&was there anyw?y andia few others inciuding Van ngg&;;ﬁi
were invited. On my sugg st1on, E?Eﬁﬁygggﬁé along. And on the train from
Chicago to Berkeley Kfé&ﬁ??and I explained the matter of the Super to Bethe
and convinced him, )we were supposed to discuss the atomic bomb in Berkeley.
We did so to a very small extent, I would say 90% of our discussions were
concerned with the hydrogen bomb and we looked into all kinds of details.
-kiigéy and I had already developed the idea of an ignition temperature. A
temperature where the energy production by fusion would exceed the energy

" loss by radiation. Approximately, we estimated, 20 ko1oﬁ“éﬁimwhich was

correct. From our early calculations on atomic bombs we easily found that
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we could not produce temperatures as high as 20 kilouﬁgzﬁ. Our main

concern in Berkeley was how we could up te this temperature and shock
arrangements by which we could accomplish a higher temperature in the low
density liquid hydrogen than was available as a temperatdre in the driver
seemed to several of us the obvious answer and indeed the question was not
trivially simple but did not seem to be unsurmountable. We went on from
there and considered lots of other details and that was a cooperative effori
between all of us, obviously very much including Oppenheimer. We did take
into account questions Tike heat conductivity, high temperatures and 1iquid
hydrogen densities, the possibility to cut down heat conductivity by magnetic
fields, in other words we did go in several respects into some detail as early
as the summer{of 1943. 1 had to go back to Chicago, I was lent from the Met
lab and Ki#giy-and I had to go back; incidentally, two other important points
which we discussed, ﬁi#gg; came up with the idea that the d:; reaction would
be much better than the d,d reaction. And we also realized that there would
be a difference of temperatures between thg deuteron ions and the electrons
and that problem was solved by Kaynopinsgyfin a very direé¢t method and by

me in a very much simplified method which I still am trying to use in
discussions about this relevant energy exchaqg%}ig controlled fusion. This
problem, of courﬁe,iis now quite unclassified. L’ﬂpprt:v:-n'man:ﬁﬂy at the same
time when mfgﬁhtd 1 came back to Chicago, Oppenheimer (I think it was a
Tittle later) went to see Compton, told him about this development and as

I then understood it from Oppenheimer used this unexpected development for

establishing Los Alames., The opinion at the Met lab was that everything

could be done there. It needed a little bit of imagination to understand
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that making the fissionable material was not the only problem in atomic
explosives. I remember that for instance Eugene wigﬁiﬁﬁ, when the plan

for Los Alamos had been evolved and when 1 decided to go there, disapproved
of it in every way, he said all the important things wiil be done here in
Chicago; once we have the fissionable materials there will be no further
problems. ;Aétua11y we got to Los Alamos in 1943 around the first of April
and at that time no further progress had been made on the hydrogen bomb.
Furthermore, after we got to Los Alamos it very soon turned out that indeed
other problems would emerge, predetonation, implosion. And not long after
we. arrived Oppenheimer discouraged further efforts on the hydrogen bomb.

He did not discourage it comp1eté1y, for instance, measurements on the
d,;:cross saection, which at that time were not well known, did proceed.
Also, Oppenheimer did not object to my putting a considerable portion of

my time into hydrogen bomb work and I think it was understood that two or
three other people might help me with it. But that was about the limit.

It was Tndeed difficult to make progress because Oppenheimer's objections

to dividing our efforts in many directions had some real substance and I
myself had been in the meantime quite interested in other topics; to mention
only one, to calculate -opacities, which at the time was generally neglected
in any design work. Oppenheimer agreed that this was important, agreed

that I should pursue it but would not allow anybody else to work on opacities
but then proposed that a Tittle project should be started wherever I wished,
and it was done actually at Columbia, to work on opacities; incidentally,
without telling the people, Maria Mayer and two young students, what the
work was for except for the 1ittle point that when I had to tell them that
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they should calculate the opacities at 5 kilovolts some eyebrows went up,

some eyebrows were raised. But as far as I know they never asked me any
further question about it nor discussed it among each other. Maria afterwards
told me that she was quite surprised by the atomic bomb. I am sorry that I
did not ask her or didn't tell her, but she must have known it; I didn't,

we avoided the topic. We tried to observe secrecy in every p0551b1e #iy,

T4
and of course, that means also in some less than completely .~ LS ways.

C?T“I am not sure but I believe that the next step in the hydrogen bomb
considerations came as Tate as Christmas, 1944. Almost two years after
Los Alamos had started. There was just too much else to do, and I had
considered the theoretical problems as solved. The next step emerged when
I visited Johnny von Neumann and I believe it was Christmas, 1944--I am
almost certain of it--it might have been Christmas, 1943, but I don't
believe so. And I tried to explain to him at that time the situation about
the hydrogen bomb, he was very much interested because he even then planned
to put the complicated processes that were involved on computing machines.
That was his interest and he inquired step by step how 1t would go, and
when he forced me step by step to explain, I suddenly realized that I had
forgotten something, and all of us had forgotten, something very important
which I called then and I think the nomenclature has remained, the inverse
Compton effect, which of course is not inverse at all, except for the point
that the electrons in the case of the hydrogen bomb, the classical hydrogen
bomb, transfer energy to the radiation and help to fatten up the low
frequency quant&m that had been pTEﬂtifu]]y emitted. When I realized that,

on the basis of the most crude calculations, I felt that I should turn
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around and say again that the hydrogen bomb is not feasibie, because too
much energy would be lost to radiationfﬁfictua1ly the dilemma was quite
clear. If you had relatively 1ittle liquid hydrogen it would blow apart
before it would propagate. Of course the obvious design is to have a

cylinder along which the burning of hydrogen would propagate; too little

and it would extinguish itself by expansion, too much, too thick a

cylinder, and the Compton effect would take over and would prevent the
atomic nuclei to retain enough energy. By that time Oppenheimer has
realized that he could use me most effectively by putting me on one side.
I was effectively, essentially on my own initiative, excluded from the
programmatic workrand I was looking together with a few very goo people
incTuding Yy E:)inc1uding Harold Arge, who might remember those days.,
and Mary Argo, a few others and very much including Henry Hurwitz. Our

job was to Took at far;“out ideas including the Super and we discussed that

matter and then when I went on a trip I came back with some ideas how

better to estimate the inverse Compton effect and that quite probably it
would not he fatal anyway. Henry Hurwitz while I was away did the same
thing, but much more thoroughly and the first formuia how to calculate in
detail the effect of the inverse Compton effect, I mean the influence of
the inverse Compton effect, came from Henry Hurwitz. Incidentally my
whole group was put under the supervision of Fermi who had come by that

time to Los Alamos., He was interested in other things as well like putting

together a small nuclear reactor, the water boiler in Omega Canyon; but

3“ he Tistened to us from time to time, so did Neils Bohr when he came to visit.
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C{élm.n‘d.*antaﬂL\.r one of the many jobs that we had and one I‘particu1ar1y Tiked
was toward the end to evaluate the possibilities how a chain reaction could '
) .produce worldwide disaster and the paper, since declassified, by quhopins%;,
Liﬂ{ﬁarvqﬁi;ﬁd myself proved that this could never happen. The same thing I
then had to carry even farther to answer questions whether it could happen

anyway if physics had different laws than we now knew, & very strange

assignment, but of course these laws would have to be at least consistent
with facts as we knew it and to try to let all of physics stand on its

head and imagine a new set of laws was of course {00 big an undertaking
which was not completely absurd because after all the advice of people 1ike
Fermi, Bethe, Oppenheimer, Bohr was available and was available for that
very purpose. And incidentally while Fermi was not terribly interested in
the Super, ig the hydrogen bomb, in that question he took a great deal of
interest. {When the Alamogorde test succeeded, Oppenheimer stafted to
reorganize for the purpose of going after the hydrogen bomb and that is
what I wanted and I was very happy to see that now people like Fermi and
Bethe would begin to get really interested in the subject. On the day
where Japan surrendered, Oppenheimer came in to see me and said that

Los Alamos now has to be dissolved and he would not Tike to see any futher
support for the hydrogen bomb. This was something that could not be changed

except I got one concession, and particulariy I think I got it from

Bradbury who then after a few months took over from Oppenheimer. Namely
that in the summer of 1946 we should have a conference for a final evaluation

of the feasibility of the hydrogen bomb together with appropriate machine
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calculations. These had been carried out during the intervening year

by Frankel, I think also Metropolis, but I am not sure. It was not Frankel
alone, but I don't remember who else. And they found that with the data
available the hydrogen bomb would easily work and that is how matters stood
when they were put aside. I kept coming back for visits and kept on making

other plans. In particular Rlichtmeyerw and I discussed a strange

layered structure consisting of fusion and fission layers which we for a
peculiar reason caTTedeIarm c]pcﬁland for which a few calculations were
carried out. So alternative possibilities had occurred even before 1949,
ﬁqf'The real change came in 1949 and was really due to the Russian bomb and
among other things to Ernest Lawrence and Lﬁuis Alvarez coming to visit me.
They heard about the hydrogen bomb and they persuaded me that now I couldn't
wait longer. At any rate at that time we did go to work and we planned a
few tests. In particular, we p]aﬁned the %gﬁﬂ:hot knowing, of course, full
well that this would not show anything about propagation but it would really
try out experimentally whether we have calculated rightly about radiation
transfers, shocks, compressions. In that effort, incidentally, quite a
number of other people, very particularly Johnny Wheeler then later Conrad
Longmkggi, Marshall Rosenb1uth€iﬁ, participated. Also at that time we
'Fu11y realized that fusion with thf use of tritium is quite easy. 1
proposed at that time the principdﬂiaf boosting and to the bast of my metiory
the man who made the first decent calculations on that proposal was Marshall
Rosenbluth. You might want to check with him. We prepared for a test and

in the meantime, however, Ulam called into question the results of the
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Franke](%é calculations anp;in particular he called into question and

rightly so whether thergg%s a radius of the cylinder along which propagation
should take place, whiﬂﬁ was thick enough so that disassembly will not be
disastrous and thin‘eﬁough so that the inverse Compton effect shouid not
stop the reaction.f;He1ped by one other man whose name [ forget but who

was very di?igent; he demonstrated that actually the Super cannot work.

A few weeks later the calculations that Johnny von Neumann had proposed

for a long time and which were very much more detailed than the Frankel
calculations fully justified Ulam's objections., It was decided that we

should go ahead with the test anyway but the road beyond that was completely
obscure. I also was told by Bradbury that there must not be any considerations
beyond calculating the test results until the test plans were completedfﬁ?Now
in the test there was first theﬁ;:?ghot to test our principles and second

a boosting shot, the first booster. A1l this, I remember very clearly, was

ar

put to bed, that is the designs were frozen. On January 15, 1951, which
# happened to be my birthday, when that meeting ended with agreement on how
5 to do the testing I said to Bradbury and now I want to go ahead with the

? next one, and Bradbury said it is too late, there is no point until after

the test. I found that rather outrageous. The more so because by that
time I knew how to solve the problem, I cannot tell you when I knew it,
I think it was in December, 1950. It was not long before that January 15

meeting and [ also know very accurately why I did not understand all this

much sooner. The reason was that I had a scaling law, one obvious way how

to change things was to compress the material but I knew that all processes
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that we ever discussed were due to binary collisions and that showed that
what happened at one density with one speed with one 11nearé§b¢d1mension
would happen at another density with another speed with other dimensionsjj
but the same thing would happen and if it is impossible at 1iquid hydrogen

densities it would be equally impossible at thousand times liquid hydrogen

densities. Now this was obviously wrong and I don't remember when I
;@ realized that it was wrbng;ji was a very simple point that if you compress

sufficiently then you could tolerate equilibirum and the first name of the

new design was indeed the Equilibrium Super. And this to my mind was the
decisive point,-ﬁgjé;urse I was not happy with this until I found why the
scaling document is wrong formaj1¥)and it is pf course wrong because '
equilibrium is established through absorption of 1ight quantuie that we have
always neglected and absorption of Tight quantdds is a three-body process
and therefore it doesn't scale. After that there was no question in my

mind how the Super should bhe made. We needed a primarﬁf we heeded a

secondary! we neaded a sparkplug; the secondary had to have ¢ylindrical
symmetry because that was the symmetry natu;a1 to the process. The energy
transfer had to go by radiation in order to make it as close to simultaneous
as possible. All this was clear to me. I don't know whether all of it
before the 15th of January, I believe so. And I believe that very shortly
after that event I also told the new story to Johnny von Neumann. 'Sometime
in February Ulam came into my office and said "I have a way to make the

Super. Let us compress the material." I said, "yes," and then he said

well you know we could, for instance have here a nuclear explosion and then
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put around it some containers to make a star-1ike structure and put
deuterium in here and they will be cowprassed by the shock and then it

will work. And I told Stan, I said, "5tan, Q;e s1mp]est thing and it

might work but I think I know something better. You should not compress
mechanically, you should compress by radiation." He wouldn't take it so

I sajid "all right." Stan could talk an awful lot and consume a lot of

time and by that time we did not get along very well. I‘said, "Look I

will put down both of these ideas into a paper and we both sign it."

And in that paper I explained how, and for the first time I wrote it down,
that compression would help, that you could compress by shock or else you
could compress by radiation and that it was much better to compress by
radiation than to compress by shock. I did not say whose idea was the one,
whose idea was the other. We both signed it. Then I had explained all
these things to Freddy D@Hoffman who wrote a much more detailed description
of how actually it should be done and I think that that report again Freddy
and 1 signed.ﬁiNow I would Tike to mention here, on the side, something

that in a logical structure I should have mentioned earlier. At a much
earlier time I realized that another good fuel for the thermonucliear reaction
would be lithium-six deuteride and the reason is obvious and is known to
everybody by now. That was acutally the summer of 1950, I realized that

and I went to Ewing&ﬁﬁ and 1 asked him, "could you separate the lithium
isotopes," and he said that should be quite easy and why don't I talk with
people in Oak Ridge and they had started on separating 1ithium isotopes as

early as the fall of 1850. The actual, uh which shot was it, Mike shot,
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was 1iquid deuterium. It could well have been Tithium-six deuteride
because by that time we knew that in equilibrium of course it did not
make any difference and that this would be a very good fuel. I tried to
explain this idea to Darrell uxeamagiggl to Bradbury, they wouldn't

listen. I explained it to the Chairman of the Atomic Energy Commission,

he listened politely but as it turned out, in reality he did not listen.

C%tfwh-ﬁaﬁhl want to clarify one very important point because it has become since

;£ quite controversial. One of the things that has occurred only once in my

%. 1ife in connection with the hydrogen bomb is a question of priority, who
thought about it first? In general, I am not interested and if the
collaboration of Ulam and myself there would have been nothing more than

K what I have told so far, then I would have proceeded and happily acknowTedged
| that this invention is due to Ulam and me. But, when the%"—shut had been
% fired Ulam went around and talked to everybody in Los Alamos who would listem

(-eorye
il that the Jog shot has proved that the hydrogen bomb could never work. He

travelled to the East and carried on this message. Why he did that [ don't
know. That he did it is beyond question. Now you know the situation.

Ulam did not have the idea, he did 22t write the paper, and when it came

at last to the decision after Xg shot, he declared that he did not beliave
it. To me the authorship in a paper or in a report does not mean a question
of priority, it means a question of responsibility. If you have signed the

paper, you should stand up for it, or if you don't stand up for it you should

tell why you have changed your mind. And that to my knowiedge Ulam never

zl did. In the famous Princeton meeting where Bradbury tried to suppress the




This to my mind is the story how in the United States the jdea and the

[

%

an

Jud 28 2884 15:283 FR R L GARWIN IBM 914 945 4419 TO KT P.19-21

e e

- 18 -

mention of this new idea I carried the ball alone. After the meeting,as

is known to everybody the decision has been made. The Chairman of the

Atomic Energy Commission, who Tistened without 1istening, has later said,

"Teller went to the blackboard and out of his own head produced this

remarkable invention." The invention that I told him two months earlier.

execution followed each other. I might add, perhaps, one 1ittle point

u--av-"""'- -

that should be of interest, particularly to people in Los Alamos. Regarding

a student of Fermi's, very young at that time, came to visit in the summer
14 Gergss

in 1951 a short time after Jeg shot. I told him about all these things and

1 asked him to put down a concrete design with dimensions for the g‘”ﬂ”‘ﬂid?

and I told mim that I did not want a deliverable weapon I want a proof of

principle and I want it so hard that there should be the least possible

doubt about it,because as a consequence of the hydrogen bomb controversy

it was not clear at all if that first shot misfired that there ever would

be a second shot. And if the Russians got it first we might have managed

to deny that it meant anything. Now we are managing to deny that the

Russians are ahead of us in military matters whick to my mind is just as

m”EPsurd;J $o that first design was made by Dick Garﬁﬂ;EﬂQ, it was then

criticized forward and backward, in the end it stood up to all criticism.
The people who worked it out in detail were to my knowledge Marshall
Rosenbluth and Conrad Longmire, 1 had left, I came back for a visit at
Christmas and I found that the calculations came cut just as [ had expected,

that the design remained unchanged. Bethe had come out and looked it over,
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and first tried to change it in some ways then gave in and said all right
that will be a reasonable way to shoot it. And therefore, as far as L'm
concerned the preparation for the hydrogen bomb was completed by Dick
Gar%%&is design shortly after the famous meeting in Princeton. The next
interesting design that Los Alamos shot with great success was a lithium
deuteride design which actually was worked out not in Los Alamos but by
Johnny Wheeler, who had returned to Princeton, and in the first portion of

the Matterhron project which in the meantime is defunct has made that ggb"'

design that Los Alamos has shot. There are quite a few people, K#ﬂrﬁ?? ﬁfiﬁif

Henry Hurwitz, my very good friend now Director or Chancellor of the Salk

Institute, Freddy DRHoffman, who wrote the first really detailed paper on
TATEN

the design, Johnny Von Neumann, Dick Gah'n, they cgntributed. Ulam

contributed by disproving the classical Super. ‘There is of course a post-

script and this is unfinished business. Many years later some of my friends
in Livermore and this time I did not mention the wrong name, and I don't even
know who they are (and I'11 try to get it and compiete this record) found

that both Ulam and Johnny Von Neumann were wrong. They, particu]ar]y Johnny
Von Neumann, did the best job that could be done with computers at that time.
Ulam's was more crude, it had to be because it was a hand calculation. The
new calculations, and these old calculations were then very carefully repeated

E ypoate o wgnlen [y ,
by Foster Evergs(?) and Server Everys(??7?) and others and they qﬂg all

verified that the classical Super could not be done. The only difference
why it worked in Livermore and did not work in Los Alamos was that we had

better computers and therefore could zone more T The obvious answer

which was not obvious to my knowledge to anmybody until the calculations were

=
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comp]etedj =tﬁé obyious answer is this, the inverse Compton effect does ndt
become deadly because the photons instead of escaping sidewise can escape
forward and backward. While the cylinder can be quite thick the detonation
range remains thin. A point which could not be brought out without fine
zoning. Even so, the calculations show that quite thick cylinders don't
work and the work of the Super is indeed touch and go. That it works has
been in the meantime verified, not only by calculations but by a reduced
scale Livermore experiment in which somewhat compressed deuterium was
used. The full-scale classical Super may yet work and I hope to God that
the Russians don't get it first! |

Keyworth—-OnejﬂE;stion, the calculations that Von Neumann diq)and
before that Ulam did more crudeT{,were nothing but calcuiations to prové
whether the runaway Super would propagate. They in no way addressed how

the ignition occurred. Correct?

Teller--That I think is the case. They ignited with pienty of energy
and 1 think there was no debate that we could jgnite with plenty of energy
because afterall we knew that with plenty of tritium we could have a low-
ignition temperature and by spending enough tritium it wﬁs obvious that we
could ignite whatever we wanted to ignite if only the propagation would
then be maintained.

Keyworth--The mechanism of radiation coupling or hydrodynamic never
arose?

Teller--it arose but it was rightly considered a solved problem, SO

it did not arise in a controversial sense,

Jem  12/20/79
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