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A secret conference was held in April 1946 at Los Ala-
mos, chaired by Edward Teller, to review wartime work on
the thermonuclear or hydrogen bomb—the so-called Super
bomb. Participants at this high level meeting reviewed the
latest design concepts "for completeness and accuracy and
[made] suggestions concerning further work that would be
needed in this field if actual construction and test of the Su-
per were planned."1 Among those present at this meeting
was Klaus Fuchs, a German-born physicist who had been
working at Los Alamos since 1944 as part of the British
delegation.

Less than four years after the Los Alamos H-bomb con-
ference, Fuchs dictated and signed a written statement at the
War Office in London confessing that he had passed top
secret information to the Soviet Union about the design of
nuclear weapons developed at Los Alamos during and short-
ly after the war. Four days after the written confession from
Fuchs, President Harry S. Truman directed the Atomic En-
ergy Commission on January 31, 1950, to continue its pro-
gram to develop the Super.

Whatever effect the Fuchs espionage may have had on
this initial presidential decision, the revelations of the Fuchs
case definitely influenced Truman's second directive six
weeks later to proceed with an all-out program for an H-
bomb. As Teller has written, "Ironically, the man who gave
our atomic secrets to the Soviet Union also had an important
influence on the decision to proceed with the hydrogen
bomb."2

It is commonly held that Fuchs gave useful H-bomb
secrets to the Soviets, and only by the determined efforts of
Teller and his colleagues, opposed by J. Robert Oppenhei-
mer and others, did the United States succeed in beating the
Russians to the H-bomb.

This popular version of history is nonsense, Hans
Bethe, the physicist who led the Theoretical Division at Los
Alamos during the war, said in a recent interview.3 Newly
declassified material and interviews with several scientists
involved in early weapons development contribute signifi-
cantly to a full understanding of how the Americans, the
British, and possibly the Soviets actually obtained the hy-
drogen bomb. Teller declined to be interviewed.

The key document is a top secret technical history of the
U.S. H-bomb development written by Bethe in 1952. It was
partially declassified by the U.S. government in response to a
Freedom of Information Act request by the authors. This
remarkable document demonstrates that within months of
Truman's decision to proceed with the Super, nearly every
important assumption about H-bomb design at that time—
and known to Fuchs—had been found to be wrong. Bethe

wrote: "If the Russians started a thermonuclear program on
the basis of the information received from Fuchs, it must
have led to the same failure."4 Bethe's historical memoran-
dum details how the classical Super design was abandoned
after serious work on it began and how a series of "acciden-
tal" events, occurring long after Fuchs left Los Alamos, led
to an entirely new concept for thermonuclear weapons,
known today as the Teller-Ulam hydrogen bomb.

If the information about the H-bomb known to Fuchs
was misleading and if subsequent U.S. H-bomb development
was in part serendipitous, did the Soviet Union's rapid ac-
quisition of H-bomb technology occur through entirely in-
dependent effort, or was some other source of information
about the U.S. program available to them? Our research
shows that the essential secret of the Teller-Ulam inven-
tion—that the thermonuclear reactions had occurred under
conditions of strong compression—may well have been
transmitted to the Soviets in the fallout debris from the first
U.S. H-bomb test. The fact that atmospheric fallout can con-
tain important secret information is supported by our find-
ing that the British did learn the key to H-bomb design from
analysis of debris of the 1955 Soviet test, debris which, ironi-
cally, the United States provided them.

One of the accusations raised against Oppenheimer
during his security hearings was that he, along with Vanne-
var Bush, had urged Secretary of State Dean Acheson to
delay the United States' first hydrogen bomb test, code-
named Mike. However, their concerns about information
contained in the fallout debris now appear to be well-found-
ed: "We thought that [the Soviets] would get a lot of infor-
mation out of it."5 U.S. H-bomb tests not only prodded other
nuclear powers to develop thermonuclear technology, but
provided them with essential information to duplicate it.

Although the United States built the H-bomb in part
because of claims that Fuchs gave the Soviets the secrets, he
could only have given the Soviets the erroneous assumptions
and incomplete calculations of Teller's Los Alamos group. If
there was a transfer of H-bomb secrets, it was by those, in-
cluding Teller himself, who insisted on the earliest possible
test of the new H-bomb.

THE NEW BETHE HISTORY

The recently released 15-page "Memorandum on the
History of the Thermonuclear Program" by Bethe is dated
May 28, 1952, about five months prior to the first successful
test of the U.S. H-bomb. This memorandum should not be
confused with Bethe's 1954 history published in 1982 in Los
Alamos Science.6 While the 1954 account, intended for pub-
lic release, provided a general history of thermonuclear wea-
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pons research, the 1952 history is more technical and specif-
ic, intended for senior government officials with the highest
clearances.

Bethe's intention in preparing the memorandum, he
wrote, was to correct two erroneous but "apparently wide-
spread" impressions:"(1) that the progress of this program,
since the Presidential directive of January 1950, has been
slower than was technically feasible, and (2) that the Rus-
sians may have been able to arrive at a usable thermonuclear
weapon by straightforward development from the informa-
tion they received from Fuchs in 1946." The first point was
in response to the well-known schism that erupted between
Teller and others at Los Alamos concerning the timing of the
first H-bomb test. Bethe's memorandum continued: "In
September 1951, when the initial calculations had shown
promise, disagreement arose between Teller and the rest of
the Los Alamos Laboratory as to the date for a full-scale test.
Los Alamos proposed November 1952, whereas Teller de-
manded a date four to six months earlier. It will be shown in
the following that Teller's date could not have been met."

Although significant words and phrases of the 1952 me-
morandum remain classified, it is nevertheless possible to
unambiguously interpret most of the text. In many instances
text expurgated in one section of the memorandum is repeat-
ed intact elsewhere or in the completely uncensored cover
letter from Bethe to Gordon Dean, then chairman of the
Atomic Energy Commission (AEC). Nevertheless, some
parts of Bethe's history, such as detailed descriptions or
quantitative attributes of nuclear weapons, remain classi-
fied. Otherwise unattributed quotes in the following account
are taken from Bethe's 1952 memorandum.

DOWNFALL OF THE CLASSICAL SUPER

The 1952 Bethe memorandum clarifies the early techni-
cal history of the H-bomb, distinguishing clearly between
the unsuccessful Super concept and the successful Teller-
Ulam design. It is important to understand the distinction
between these two approaches in order to evaluate how in-
formation about the latter design may have been transmitted
to other nations. The demise of the Super is of interest in
assessing Truman's decision to embark on a crash program.
The construction of the Teller-Ulam bomb is of interest be-
cause of the distinctive signature of compression in its fallout
debris.

The "classical Super" Teller's conception of thermonu-
clear weapons from 1942 until 1950, was essentially a cylin-
der of liquid deuterium which, when heated, would release
great quantities of additional energy by nuclear fusion reac-
tions between pairs of deuterium nuclei. Deuterium, a form
of hydrogen with one neutron in its nucleus, is a gas at nor-
mal atmospheric temperatures and pressures but can be
made into a liquid by cooling to very low temperatures. In
the Super, some part of the deuterium would be heated to
very high temperatures by a very large exploding fission A-
bomb. The locally heated deuterium nuclei would be set into
violent motion, undergo nuclear fusion reactions, and com-
municate enormous amounts of energy to additional nearby
nuclei. If this flow of heat energy could propagate the nu-
clear reactions through the entire cylinder of deuterium,
"energies equivalent to 1000 fission bombs or more" could
be released. For the Super to work, it would be necessary
first to ignite some of the deuterium and second to propagate

this heat energy efficiently through the rest of the deuterium.
Within months of Truman's January 1950 decision, both ig-
nition and propagation were determined to be insurmount-
able problems for the classical Super design.

Although an A-bomb was proposed to ignite the deuter-
ium fuel, the temperature needed to initiate the deuterium-
deuterium reaction (many hundreds of millions of degrees7)
exceeded that available from an atomic bomb. As an attempt
to circumvent this difficulty, tritium could be added to some
of the deuterium to initiate the deuterium-deuterium reac-
tion. Tritium, a hydrogen isotope with two neutrons, and
deuterium react (fuse) at a lower temperature than does
pure deuterium. It was hoped that tritium-deuterium reac-
tions could be initiated by an A-bomb and in turn ignite the
rest of the deuterium. Tritium would ignite the Super as
kindling or lighter fluid helps light a regular fire.

Shortly following Truman's decision to proceed with
the Super, the mathematician Stanislaw Ulam and his assis-
tant Cornelius Everett at Los Alamos conducted work "en-
tirely separate from the [program's] main theoretical ef-
fort." They "undertook the important task of determining
more accurately the amount of Т [tritium] required," Bethe
wrote. Their conclusion was that "spectacular" quantities of
tritium would be needed, far greater than that assumed by
Teller's group and enough to make "the economic soundness
of the H-bomb highly questionable." The amount of tritium
required is important because tritium, unlike deuterium, is
very costly and difficult to obtain. Since tritium exists in
nature only in trace amounts, it can only be produced in
quantity by neutron bombardment in military production
reactors and at considerable expense to the nuclear arsenal.
The same reactor that can produce a kilogram of tritium can,
using the same neutrons, produce approximately 70 kilo-
grams of plutonium, enough for more than a dozen A-
bombs. Thus, any tritium needed for the Super would come
at the expense of regular A-bombs, a circumstance that had
been anticipated by the General Advisory Committee
(GAC) of the AEC when they unanimously opposed the
development of the Super in late 1949. Teller's estimates of
the amount of tritium required when the crash program was
begun were much too low.

In addition to ignition, a second problem for the Super
was whether nuclear fusion reactions would propagate
through the rest of the liquid deuterium and be self-sustain-
ing, assuming that the deuterium reaction could somehow be
ignited in one region. Bethe points out in his 1952 memoran-
dum that the Fermi-Ulam calculations of 1950 indicated
that prospects for a propagating nuclear reaction were poor.
The cross-sections that regulate the efficiency of the deuter-
ium nuclear reaction were too small.

According to Ulam, "An important part of the story
has been overlooked in the official accounts and concerns
some quite fundamental work that Fermi and I did following
the first calculation of the progress of the reaction, its propa-
gation, and explosion. In numerous joint discussions we out-
lined the possibilities of propagation, assuming that some
way or other (perhaps by the expenditure of large amounts
of tritium) the initial ignition could be achieved."8 The Fer-
mi-Ulam report stated its unpromising conclusion with
great caution. "If the cross-sections for the nuclear reactions
could somehow be two or three times larger than what was
measured and assumed, the reaction could behave more suc-
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cessfully." Even this remark underestimates the difficulty of
sustaining deuterium burning in the Super since the cross-
sections assumed by Fermi and Ulam were reduced further
by the measurements of James Tuck in the following year.
Evidently the heat energy produced by the nuclear reactions
would escape faster from the deuterium than it could be sup-
plied by further reactions—if heat losses exceed heat pro-
duction, the bomb would be a fizzle.

According to Bethe's memo,"Barring surprises from [a
very detailed computer9] calculation, the theoretical work
of 1950 had shown that every important point of the 1946
thermonuclear program had been wrong." Teller has writ-
ten that Ulam's calculations were "proof that our ideas
about bomb design were wrong," "that we were on the
wrong track, that the hydrogen bomb design we thought
would work best would not work at all."10 By the end of
1950, Teller was desperate for a workable H-bomb. A major
U.S. weapons program had been initiated on the basis of
incompletely considered science.

The realization that the classical Super would not work
came just months after Truman's commitment to a crash
program. Although the public disclosure of Fuch's espio-
nage was a major factor in rallying support for Truman's
decision, it is now clear that the "secrets" regarding the H-
bomb known to Fuchs were worse than worthless. As Bethe
noted in his cover letter to the 1952 memorandum, if the
Soviets had followed the information received from Fuchs,
"we can only be happy because they would have wasted a lot
of effort on a project without military significance."11

In retrospect it appears that the calculations of Ulam,
Everett, and Fermi and the measurements of Tuck could
have been completed before Truman's decision if appropri-
ate scientific priorities had been established. The calcula-
tions "could have been done earlier" according to Bethe,
because "the data that they used were available earlier."12

Richard Garwin, who designed the experiment used in
Tuck's cross-section measurements, said that these vital
measurements also could have been done earlier. "It seemed
to me when I first became acquainted with this program that
so much was predicated on the reaction rates that you ought
to measure the process. I think some people, maybe Teller,
were happier thinking of optimistic cross-sections than get-
ting the facts in the matter."13

Teller urged the United States to embark on a publicly
declared crash program to build the Super before these rel-
evant preliminary calculations and measurements had been
done. According to Bethe, "nobody will blame Teller be-
cause the calculations of 1946 were wrong, especially be-
cause adequate computing machines were not then avail-
able. But he was blamed at Los Alamos for leading the
Laboratory, and indeed the whole country, into an adven-
turous program on the basis of calculations which he himself
must have known to have been very incomplete. The techni-
cal skepticism of the General Advisory Committee of the
AEC on the other hand had turned out to be far more justi-
fied than the GAC itself had dreamed in October 1949."14

THE TELLER-ULAM BOMB

Compression turned out to be the key to resolving the
classical Super impasse. If the deuterium is compressed to
high densities, the energy released by the fusing deuterium
nuclei, shared in a complex manner with electrons and the

radiation, would not be lost as rapidly. The higher energy
efficiency resulting from compression replaced the need for
large amounts of tritium, allowed a self-sustaining reaction
in the deuterium, and resulted in a radically different and
ultimately successful approach to the H-bomb.

Although it had occurred to Teller and others,14a per-
haps as early as 1946, "that compression of the fusion fuel
could be of great help,"15 it was not "known to Teller how to
achieve that compression. He thought of TNT."16 Compres-
sions generated by chemical explosives are insufficient to
appreciably improve the efficiency of the fusion reactions.

A remarkable means of obtaining extreme compres-
sions in the deuterium was first conceived by Ulam in con-
nection with his work on increasing the efficiency of fission
bombs.17 His idea was to focus the mechanical energy re-
leased from an ordinary fission bomb onto the deuterium by
appropriately directing the shock wave of high pressure that
explodes away from the fission bomb through the surround-
ing material. In this manner the deuterium could be pro-
foundly compressed. When Ulam told Teller of his scheme
in their famous breakthrough meeting in early 1951, Teller
proposed a variant in which radiation from the primary fis-
sion bomb, rather than the shock wave, would cause a con-
vergence or implosion of energy to compress the deuterium.
In their joint report Ulam and Teller referred to these com-
pression schemes as"hydrodynamic lenses and radiation
mirrors."18 Although the latter scheme was finally adopted,
the deuterium could be sufficiently compressed by either
means to permit a secondary fusion bomb of unprecedented
energy.

According to Bethe's 1952 cover letter, "the new ap-
proach used high densities of deuterium rather than high
temperatures and was based on two separate discoveries, (a)
that high densities would be useful and (b) that they could
be achieved by a radiation implosion."

Fortuitously and without realizing its potential, the
idea of transfer by radiation had been incorporated prior to
the Teller-Ulam work as an aspect of the design of the
"George" atomic test (in the Greenhouse series). In this
design, a small amount of tritium and deuterium was to fuse
together after being heated and compressed by radiation
from a fission bomb, although the energy ieleased by the
fusion reactions would not dominate. This experiment was
"designed primarily to confirm...the burning of D-T [deu-
terium and tritium ], about which there had never been seri-
ous doubt," according to Bethe's memorandum. In addition,
it was to "try out...a particular mechanism [in which] the
energy was conducted by radiation from a fission bomb." It
was "largely accidental that just this mechanism was cho-
sen" since two other competing mechanisms had been under
consideration. The George test was, according to one physi-
cist, "more of a public relations stunt than a genuine experi-
ment, because everyone knew beforehand that it was pretty
certain to work; using a huge atomic bomb to ignite the little
vial of deuterium and tritium was like using a blast furnace
to light a match."19 Teller's variant on Ulam's scheme ex-
trapolated from the use of energy transfer by radiation in the
George test design.

The Teller-Ulam idea to use "radiation from a fission
explosive...to transfer energy to compress and ignite a physi-
cally-separate component containing thermonuclear fuel"20

was a radical departure from the classical Super design. In
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the cover letter to his 1952 memorandum Bethe remarked
that "the H-bomb designs for which we now expect success
are almost exactly the opposite of those proposed in 1946."

The final Teller-Ulam design, as described in Bethe's
memorandum, "came about by a series of accidents, the ac-
cidental choice of one particular device for the Eniwetok
[George] test rather than two others, the ingenious extrapo-
lation by Teller,"and Ulam's key invention of using a fission
primary to create a secondary compression "just at the right
time." Bethe continued: "None of these three steps was at all
an obvious, logical development which would occur in every
thorough scientific investigation of the problem. Ont he con-
trary, the results of the calculations of Ulam and Fermi
(which were logical steps in the program) would have led
nearly every scientist to give up the thermonuclear program
altogether." Because of the somewhat accidental nature of
the Teller-Ulam discovery, Bethe noted, "It would be a most
remarkable coincidence if the Russian project had taken a
similar course."

FALLOUT

Although the Teller-Ulam design was successful as a
bomb, it was flawed as an instrument of national security.
With each atmospheric test the Teller-Ulam secondary left a
telltale signature in the fallout debris. A careful study of
fallout by competent scientists can provide extremely useful
information including, in Bethe's words, the "key to the
whole business," that an enormous compression had oc-
curred in the secondary, far greater than that possible with
chemical explosive.21'21"

In a recent interview Bethe confirmed that the Mike
debris could "definitely" have been advantageous to the So-
viets in learning "that there was a secondary implosion, and
that means higher density and [Andrei] Sakharov could
very easily have drawn the conclusion that...the reaction
took place in compressed material from the ratio of various
isotopes. After all, we now know that Sakharov was involved

in this, but even without him, the Russians had very compe-
tent people in this business. A competent group working on
this subject can analyze debris very, very effectively."

Asked if the three-year period between the Mike test
and the detonation of the first Soviet H-bomb in 1955 was
about the expected interval required for the Soviets to assi-
milate the fallout information and to design and construct
their own bomb, Bethe replied, "You are exactly right.
That's exactly what I think."22

This realization gives new meaning to previously enig-
matic statements by Oppenheimer and others as well as the
effort by Vannevar Bush, who urged the Secretary of State to
put off the test of the first U.S. H-bomb, "Mike."

Vannevar Bush claimed the test "would be of advantage
to Russia in the prosecution of their program."23 Oppenhei-
mer, referring to concerns of an advisory panel to the secre-
tary of state, said, "We thought that they [the Soviets]
would get a lot of information out of it."24 During Oppen-
heimer's security hearings in 1954, at which his opposition
to the Mike test was raised as evidence that he was a security
risk, Vannevar Bush testified that he was "sure" that the
Mike test would be of value to the Russians: "I am sure of it
for one reason because when we reviewed the evidence of the
first Russian atomic explosion, we didn't find out merely
that they had made a bomb. We obtained a considerable
amount of evidence as to the type of bomb, and the way in
which it was made."25 Bush had headed a panel that re-
viewed the findings of U.S. scientists who analyzed the fall-
out debris from the Soviet A-bomb test in 1949. In 1953, U.S.
scientists determined from fallout studies that the Soviet ex-
plosion in August of that year was not a true H-bomb, as
affirmed by Bethe "as I know very well because I was chair-
man of the committee analyzing the Russian [fallout]."26

Herbert York, former director of Lawrence Livermore
National Laboratory, has written that it is "very probable"
that the Soviets would have produced their H-bomb "very
much later" if the United States had not tested its H-bomb.

FIG. 1. E. Teller and A. D. Sakharov, Washington,
1988 (Edward Teller's eightieth birthday).
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In particular York maintains that "a careful analysis of the
radioactive fallout from the Mike explosion may well have
provided them with useful information concerning how to
go about it. Writings and discussions by and about Igor Kur-
chatov make very clear his special interest in the fallout from
U.S. nuclear tests and the information that could be learned
from it, and Oppenheimer, in fact, had anticipated the use-
fulness of fallout for exactly this purpose."27 (Kurchatov
was a prominent scientist who led the Soviet atomic and H-
bomb programs.)

Most of the fallout information revealing the high den-
sities experienced by the secondary is contained in the ratios
of isotopes among the heaviest elements,28 especially any
evidence that these nuclei were exposed to unusual excesses
of neutrons. At the center of the H-bomb explosion great
quantities of neutrons are created and their density is signifi-
cantly increased by the pre-explosive compression. Any
heavy nucleus exposed to such extremely high neutron den-
sities would rapidly absorb neutrons and transform into iso-
topes dramatically different from those found in nature. One
outcome is the creation of transuranic elements with atomic
number Z greater than that of uranium 92.

According to Richard Garwin, the fallout would con-
tain "high Z materials and what not, which would be the
indication of compression with its very high neutron densi-
ties."29 This is supported by Bethe's remark: "You look at
the isotopes and elements which are produced, and well-
informed scientists like Sahkarov...might have come to the
conclusion that the material was compressed, which is the
key to the whole business."30

In a later test of an improved Mike, U.S. scientists
"measured very carefully all the transuranics which they
could form and they got certainly up to Fermium, [ atomic
number] 100, and I think a little higher."31 In fact the new
elements Einsteinium and Fermium were discovered for the
first time32 in neutron-irradiated uranium from the Mike
fallout. In addition the nuclear physicist Alastair Cameron
in a 1959 article on the Mike fallout, "Multiple Neutron
Capture in the Mike Fusion Explosion," suggested that the
liquid deuterium had been significantly compressed.33 It is

surprising that this sensitive fallout material was made avail-
able for examination and publication in the open scientific
literature.

By detonating Mike, the United States may have led the
Soviets to the correct approach. According to Bethe, "I
think this is probably true. I can't prove it, and I'm sure
Sakharov, although he is now free, is not going to tell us."34

OTHER COUNTRIES

Could other advanced nations have acquired essential
information from fallout debris? " I know this was the case
with the British," Bethe affirms. "They have said that they
looked at the Russian debris and that gave them the idea....It
was the Russian debris of 1955 [the first Soviet H-bomb
test] and we were in the habit of giving some of the Russian
debris from every Russian test to the British—nobody else
but to the British—because we wanted their opinion on what
they would conclude from the debris."35

In 1960, Bethe was told by the British that they had
discovered the Teller-Ulam compression secret from an
analysis of Soviet fallout. According to Bethe, the three-year
delay between the Mike test and the Soviet H-bomb is similar
to the time that was required for the British to construct
their own version of the H-bomb following their study of
Soviet fallout. What about other countries now possessing
the H-bomb? Bethe notes that "the French didn't [collect
fallout] as well as we did because they collected it on the
ground...in the old days. More recently they may have
picked it from the air. We didn't give any debris to the
French. It took the French forever to get an H-bomb. They
have it but it took them much longer than the Chinese, al-
though the French were way ahead of the Chinese in atomic
[fission] bombs. How the Chinese got it is a puzzle to which
I have no solution. They got it very quickly."36

CONCLUSION

Bethe's 1952 memorandum clearly describes the com-
plete and rapid failure of the classical Super H-bomb concept
following the publicly announced presidential commitment
for its development. Although the Fuchs espionage in part

Nuclear tests: a brief history (Based on: Bull. At. Sci. May 1989, p. 57)

First fission test, type/yield

First test of bosted fission
weapon

First multistage thermo-
nuclear (hydrogen bomb)
test, yield

First airdrop explosion of
nuclear weapon, aircraft used

Largest atmospheric test

First underground test

Largest underground test

Hydrogen bomb developers

Current directors, developers

United States

July 16, 1945
plutonium/23 kt.

MayS, 1951
"George"

Oct. 31, 1952
10.4 mt.
"Mike"

Aug. 6, 1945
B-29

Feb. 28, 1954
15mt.

July 26, 1957

Nov. 6, 1971
5 mt.

Stanislaw Ulam,
Edward Teller

James Watkins,
Energy Secretary;
Siegfried Hecker, dir.,
Los Alamos; John
Nuckolls, dir., Liver-
more

Soviet Union

Aug. 29, 1949
plutonium/20 kt.

Aug. 12, 1953

Nov. 22, 1955
1.6 mt.

Nov. 6, 1955
Tu-4 Bull

Oct. 30, 1961
58 mt.

Feb. 2, 1962

Oct. 27, 1973
2.8-4 mt.

Andrei Sakharov,
Igor Tamm

Lev D. Ryabev,
minister of Medium
Machine Building

Britian

Oct. 3, 1952
plutonium/25 kt.

May 15, 1957?

Nov. 8, 1957?
?mt.

Oct. 11, 1956
Valiant

1957-58
?mt.

March 1, 1962

Dec. 5, 1985
less than ISOkt.

William Penney

Donald Spiers, con-
troller of Establish-
ments, Research and
Nuclear; Tom McLean,
dir., Aldermaston

France

Feb. 13, 1960
plutonium/60-70 kt.

Sept. 24, 1966

Aug. 24, 1968
2.6 mt.

July 19, 1966
Mirage IV-A

Aug. 24, 1968
2.6mt.

Nov. 7, 1961

July 25. 1979
120 kt.

Robert Dautray

Roger Baleras, dir.,
Direction des
Applications
Militaires

China

Oct. 16, 1964
uranium 235/20 kt.

May 9, 1966

June 17, 1967
3 mt.

May 14, 1965
Hong 6

Nov. 17, 1976
4mt.

Sept. 22, 1969

June 5, 1987
7

Dong Jiaxian,
YuMin

7

"Boosted": small quantities of tritium and deuterium incorporated in fission weapon to increase efficiency of yield; kt.: kilotons; mt.: megatons.
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stimulated the Super project, in Bethe's view, the Soviets
could only have been led astray by any information that
Fuchs may have provided them about the classical Super.
The successful Teller-Ulam design was unlike the Super in
every important respect. The Super project had begun before
its scientific feasibility was established. In this particular in-
stance, by serendipity and scientific ingenuity, an H-bomb
was created and the desired end result was achieved. How-
ever, more recent experience including the funding of the
Strategic Defense Initiative, demonstrates that massive fed-
eral commitments to incompletely considered technologies
can have less productive outcomes.

It was in the fallout, not in any information Fuchs may
have transmitted, that other countries may have found the
H-bomb secret. As Bethe was told, British scientists did in
fact exploit information in fallout debris from the Soviet H-
bomb tests, collected and provided to them by the United
States, to construct their own H-bomb. The same informa-
tion was there in the U.S. fallout for the Soviets to examine.
Whether the Soviets took advantage of this fallout informa-
tion we do not know—that it was available to them to do so is
beyond dispute.363

Those who advocated the earliest possible atmospheric
test of the new H-bomb, particularly Edward Teller, may
have helped propagate important bomb design information,
especially concerning the compression of deuterium. In re-
ferring to his opposition to the atmospheric test ban at the
Senate hearings of 1963, Teller later regretted one omission:
"I failed to mention an important argument against the trea-
ty. Atmospheric experiments produced a great deal of infor-
mation about the nature and direction of Soviet progress.
With the onset of underground testing, that source of knowl-
edge dried up completely."37 Of course the communication
of military secrets as fallout works in both directions.

The first hydrogen bomb was exploded by the United
States just three days before the 1952 presidential election.
Vannevar Bush, concerned about information contained in
the fallout and an advocate of a test ban for thermonuclear
bombs, had urged the secretary of state not to go forward
with the Mike test as scheduled. His 1954 explanation still
has a powerful ring: "I felt strongly that that test ended the
possibility of the only type of agreement that I thought was
possible with Russia at that time, an agreement to make no
more tests. For that kind of an agreement would have been
self-policing in the sense that if it was violated, the violation
would be immediately known. I still think we made a grave
error in conducting that test at that time, and not attempting
to make that type of simple agreement with Russia.373 I
think history will show that was a turning point that when
we entered into the grim world that we are entering right
now, that those who pushed that thing through to a conclu-
sion without making that attempt have a great deal to answer
for."38*
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FROM THE EDITORIAL BOARD OF USPEKHI FIZICHESKIKH
NAUK
Without disputing the opinions of Hirsch and Mathews on the conditions
of producing the Soviet hydrogen bomb we note that such independent
developments were conducted earlier in the USSR also. In particular, this
topic, that was raised in the special issue of the journal "Priroda" dedi-
cated to A. D. Sakharov (1990, No. 8) will be continued on the pages of
this publication, but already in connection with the name of another out-
standing Soviet physicist—Ya. B. Zel'dovich, who participated in the pro-
duction of both the atomic and the hydrogen bombs. We bring to the
attention of our readers excerpts from the interview with Yu. B. Khariton,
from the reminiscences of S. S. Gershtein about Ya. B. Zel'dovich and the
proposal by I. I. Gurevich, Ya. B. Zel'dovich, I. Ya. Pomeranchuk and
Yu. B. Khariton "Utilization of the nuclear energy of light elements"
addressed to I. V. Kurchatov in 1946 and preserved in the archives of the
I. V. Kurchatov Institute of Atomic Energy. A more detailed account of
this will be published in the journal "Priroda."

FROM THE INTERVIEW GIVEN BY YU. B. KHARITON TO THE
JOURNAL "PRIRODA"

"...Recently in the West assertions have surfaced that when the Ameri-
cans exploded their first hydrogen bomb, we probably succeeded in col-
lecting secondary products of the explosion contained in atmospheric fall-
out, and, having analyzed them, in reconstructing the entire scheme of the
process. But in reality we, in principle, could not have accomplished this,
since at that time the collection of atmospheric fallout and its analysis was
very poorly developed in our country.
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