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(1) March 3,1940.(9

URINZHE S8/ 5 fF H =
By [ U-238 0.0140.04 1.7%X107 g (23X 10 amp < 10hr)

U235 0.50=-0.05 1.75X107 g /139 (23X 10 amp X 10hr)

=i ) U-238 0.00=0.04 2.9%X107 g (3.4X 10 ampX 1 1hr)
U-235 0.81%+0.10 2.9X107 g/139 (3.4X 10 amp X 11hr)

H32
(2) April 3, 1940.¢18)

Eny 2| U-238 1.0+0.1 3.1X10% g
U235 44+02 (3.1X10° g)/139
U234 1.54+0.1

HEl 1 U-238 0.5+0.2 ~4.4X106 g
U-235 10.3£0.5 (~4.4X10° 2)/139
U-234 7:8+0.5

{3) Kingdon, Pollock % Booth, Dunning (19
March 20, 1940.
U-238 0.1%0.1 1.8X10% g (62108 amp>X 3hr)
U-(238+234)  3.7+0.4 1.8X 106 g/139 (6< 10-% amp X 3hr)
WK
ERE R OU U238 J 553 HIE
Nier, Booth, Dunning ¥ Grosse (13
April 3,1940.
U- D5 P I ff H =
Ffiye®  (CdEit ) (Cd-Eifk) ais}
(S B T EEPHET/ 3)
B I U238 05t 1 0.5+0.1 2.34+0.1
#fl II U238 1.410.2 1.4+0.2 55102
(18.9X 10 g)
E33

BlF R ¥ = SV RN/ U238 003 REMR T+ 2. BE5U235 U234 / IREZVE /5
T2 bz rERLYa b S FTUTA,
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“Inhis bools The Makmg of th&Atomzc
--_'Bomb and Dark Sun: The Makmg of

Who came up

attnbutes the 1dea of usmg a uramum

235 fission bomb to tngger ﬁxsxon ina

! hydrogen bomb to Tokutaro Hagiwara
(1897-1971), a chemist at Kyoto Im- .

perial University.

Shortly after Otto Hahn and Fritz
Strassmann announced the fission of
uranium 235 early in 1939 (co-discov-

- erer Lise Meitner had been forced

into exile), many investigations of fis-
sion were stimnlated, An example s

the research Haglwara ublished in

1939 and 1940 descnbmg the number
of neutrons released per atom for each
fission event; he also studied delayed
neutrons.

During this research, Hagiwara co-
operated with several others in Bun-
saku Arakatsu’s laboratory. In 1940 he

‘devised an ingenious chemical method:

for counting neutrons. Haglwara used

hydrogen {as a constituent,of paraffin:

and water) to slow down fast neutrons,

Various scxenhsts worldw1de realized-

that nuclear bombs based on chain-
reacting fission of uranium 235 were

possible.

Priority in the Cohcept
of Hydrogen Bombs

Bulletin of the Atomic Scientists,

July/August 2000, page 5

Hagiwara gave a lecture to the Im-
_perial Navy’s Second Arsenal on: May
123, 194} its title was “On the Super-
Exploswe Atom 1U.235,” This unclassi-

fied lecture was. prmted in- ‘the- July 24,
'1941 issue of the  Arsenal’s -internal
_ Joumal ‘An official of the army’s Toni-
2o laboratory read the account and

prepared a summary in hand-written
kanji characters. This unofficial report,

- with the title “On Uranium (U),” be-

came known as the Tonizo document;
it was ‘dated April 1943. It was the
source available to Rhodes, whose

. copy and English translation came

from a private collection.

The key sentence quoted in
Rhodes’s works is: “If by any chance
U 235 could be mamifactured in a
large quantity and of proper concen-
tration, U 235 has-a great possibility of

" becoming useful as the initiating mat-

ter for a quantity of hydrogen.”
Studying the Tonizo document in its
entirety induced us to doubt whether-
the statement quoted is entirely. cor--
rect. For example, there was no nien--
tion in the paper.of expected: terms-
such as fusion, or the resulting-heli- -
um, or. deutenum although they were



known at the time of writing,

The remaining copies of the docu-
ment were destroyed just before the
occupation by U_S_armed forces, but
Hagiwara saved a copy in his home. In
June 1999, Kunio Ozawa visited Hagj-
wara’s daughter in Kyoto and was pre-

sented with a.printed version of the
lecture in its entirety. He made.a.copy

available to us. Its title was “On the
Super-Explosive Atom, U 235,” identi-
cal with that of Hagiwara’s lecture.
Comparing the sentence in the
newly recovered paper.to the one
quoted above revealed a crucial differ-
ence. Two kanji characters in Japanese
are closely similar in appearance but
have very different meanings: “initiat-
" ing” and “super.” The flawed paper
available to Rhodes had the character
for “initiating”; the printed version
contained the character for “super.”
Keeping in mind that different
translators of a given passage in Ja-

panese produce somewhat different .

o

English versions,we offer the follow-
ing translation of Hagiwara’s sentence:
“If in some way it becomes possible to
manufacture a fairly large amount of
uranium 235 and mix it with suitably
concentrated hydrogen on an appro-
priate scale, the uranium 235 is expect-
ed to have a high probability of causing
a super explosion.” :

During 1940-41, the members of
Britain’s MAUD Committee (who were
investigating the feasibility of the atom
bomb), realized that a successful nucle-

ar bomb must be based on chain- reac- -

tion fission by fast neutrons, as pointed
out by Rudolf Peierls and Otto Frisch.
This information was not widely known
publicly, and many thought in those
early times that a bomb would require
a moderator, hence Hagiwara’s refer-
ence to hydrogen.

We conclude that Hagiwara pre-
dicted a super explosion (a nuclear
fission explosion, often described by
the word super at the time) rather
than an explosion that was being initi-

ated (a hydrogen bomb based on fu-
sion, referred to in the United States
as “the Super” more than a dozen
years later).

The idea of using a fission bomb to
trigger fusion of hydrogen did occur
to Enrico Fermi and he discussed it
with Edward Teller in September
1941.

When informed of the account relat-
ed above, along with supporting evi-
dence, Richard Rhodes responded
that he was “fully persuaded” that it is
correct. '

, Shuji Fukui
Professor Emeritus of Physics
Nagoya University, Japan

Tetsuji Imanaka

Instructor

Research Reactor Institute
Kyoto University, Osaka, Japan

James C. Warf
Professor Emeritus of Chemistry
University of Southern California



Richard Rhodes « Ginger Rhodes

December 10, 1999
Dear Professor Warf:

My apologies for the delay in responding to your letter. I was just
about to publish my seventeenth book, Why They Kill, about the
cause of violent criminality, when it arrived, and since then I've
been almost continuously traveling for book promotion.

But what a fine piece of detective work you’ve done! I'm grateful to
you for clearing up a mystery. It did seem curious that Hagiwara had
put two and two together before Fermi. I'm fully persuaded by your
clarification and will use it, if I may (with appropriate credit) to
correct The Making of the Atomic Bomb if and when I prepare a
new edition.

It seems to have been a fairly common mistake to assume a bomb
would need a moderator; fast fission is only efficient, as I
understand it, with highly enriched uranium, which had not yet
been separated in those early days. People were more familiar with
ideas of neutron moderation, which of course functions to sneak
neutrons past the U238 capture threshold.

Now that I've written this letter I see you have an email address.
Mine is RhodesR@pantheon.yale.edu if you’d like to contact me
further.

Best wishes for the New Year.

Sincerely,

Tk Hue

Richard Rhodes

Professor James C. Warf
3930 Franklin Ave. "
Los Angeles CA 90027-4624
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