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In his book Hitler’s Scientists, writer John Cornwell [1] relates
a pilgrimage style visit, in November 2002, to a mansion

named Farm Hall, near Cambridge (UK), by a small party of
science historians, Heisenberg scholars, and other writers. Farm
Hall had served as a detention house for a group of ten nuclear
academics and other scientists captured in Germany at the
end of WWII by a special Anglo-American intelligence mission
codenamed ALSOS and directed by Samuel Goudsmit [2] of
electron spin fame. The interned group was composed of six
prominent German professors,Werner Heisenberg, Otto Hahn,
Carl F. von Weizsäcker, Paul Harteck, Walter Gerlach and Karl
Wirtz, along with three younger nuclear assistants, Kurt Dieb-
ner, Erich Bagge and Hans Korsching, plus one prestigious
outsider, Professor Max von Laue. They were kept incommu-
nicado at Farm Hall from July to December 1945, a period
covering the Hiroshima-Nagasaki bombings of August 6 and 9
and during which time their conversations were recorded with-
out their knowledge. The recordings were translated on the
spot from German into English and sent to a few top UK and
US military and intelligence wartime authorities. These so-
called “Farm Hall Transcripts” (FHT) were kept secret but were
known to exist, e.g. through the memoirs published in 1962 by
one of the recipients, the head of the American Manhattan
project, General Leslie Groves [3]. Only in 1992 were they
released to the public.A complete version was first published in
1993 by The Institute of Physics with a detailed technical
background introduction by Sir Charles Frank, FRS [4].

The 2002 gathering at Farm Hall gave the learned visitors
an opportunity to exchange privately their contrasting opin-
ions on the German nuclear scientists on the inspiring prem-
ises of their detention. I will list the names of the debating
scholars, since their books about science in the Third Reich
and related issues represent a good literature sampling for fur-
ther reading. In addition to Cornwell [1], there were play-
wright Michael Frayn of “Copenhagen” fame [5], science
historian Mark Walker [6], nuclear physicist and science
writer Jeremy Bernstein [7], Heisenberg scholar and historian
Paul Lawrence Rose [8] and biochemist and author Walter
Gratzer [9]. I cannot discuss the writings of these authors on
the FHT nor their private deliberations at Farm Hall [1].
However I would like to single out Bernstein’s book [7] which
presents the complete text of the Transcripts with expert sci-
entific and historical annotations. The book includes an ex-
tensive prologue outlining the history of fission up to Farm
Hall, important technical appendices and an excellent sum-
mary on the German wartime nuclear program by David Cas-
sidy [10], one of Heisenberg’s most trusted biographers.

Before the release of the Transcripts, dozens of books, bi-
ographies, personal letters, diaries, magazine articles, etc…
had appeared expressing diverging views on the moral re-
sponsibility of the German nuclear researchers working under
the Nazi regime. The major controversy arose from the pre-
vailing tone that the scientists liberated from Farm Hall used
to report publicly on their wartime research activities. For ex-

ample, in a detailed paper entitled “Research in Germany on
the Technical Application of Atomic Energy” written in 1947
for Die Naturwissenschaften and translated for Nature [12],
Heisenberg states in the opening paragraphs: “In view of the
possibility that England and the United States might undertake
the development of atomic weapons, the Heereswaffenamt
(Army Weapons Bureau) created a special research group (the
so called Uranverein or Uranium Society), under Schumann,
whose task it was to examine the possibility of the technical ex-
ploitation of atomic energy”. The reader may have detected the
careful choice of words: atomic weapons on the Allied side,
atomic energy on the German side. Heisenberg’s statement is
moreover self contradictory since a vague exploitation of
atomic energy (e.g. for ship propulsion) is not the type of
project which would have appeased the anxieties of the
Heereswaffenamt in the face of the threat of a terrific new
bomb from the Allies. Senior readers may also have balked at
the blatant inversion of the historical truth. //Namely that
German scientists, who duly warned their authorities of the
possibility of a super bomb already in 1939, led them (???) to
firmly believe that they were the only ones capable of devel-
oping it and therefore that, even late in the war, the Reich had
no nuclear surprise to fear from the Allies, contrary to
Heisenberg’s statement.// By contrast, it was the veritable ter-
ror of the threat of a Nazi Germany wielding nuclear weapons
which prompted the refugees - the likes of Einstein, Fermi,
Szilard, Wigner, Teller, Frisch, Peierls and dozens of others
who had personally experienced the brutal ways of the Nazi
regime - to press the governments of their host countries for
nuclear action. At the end of his report, Heisenberg briefly
discusses moral implications, as he sees them, along the fol-
lowing lines: “Finally - and this is a most important fact – the
undertaking (a German atomic bomb project) could not even be
initiated against the psychological background of the men re-
sponsible for German war policy. These men expected an early
decision of the war, even in 1942, and any major project which
did not promise quick returns was specifically forbidden. ….
From the beginning, German physicists had consciously striven
to keep control of the project and had used their influence as
experts to direct the work into the channels (towards a peace-
ful, energy-generating uranium reactor) which have been
mapped in the foregoing report. In the upshot they were spared
the decision as to whether or not they should aim at producing
atomic bombs”. The FHT and what follows will reveal to the
reader just what kind of conscious striving there was at the be-
ginning of the war and even up to 1942.

Such self exonerating statements as just quoted failed to
prevent the recurrent dispute over the moral responsibility
of the German scientists, especially that of the most promi-
nent among them who were in a position to choose to work
on or to keep away from a project which could have been de-
cisive for an issue of the war in favour of the Nazi ideology.
The role of the FHT in resolving that dispute is compared by
Bernstein to that of the Rosetta Stone in deciphering the •••
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••• Egyptian Hieroglyphics [7]: the Transcripts indeed helped
clarify to a great extent the true and changing intentions of
the Germans under the Hitler regime.

The book-length Transcripts are far too extensive to dis-
cuss in this brief article [11]. Instead I will comment on a few
fragments of conversations which took place just after the
radio announcement of the Hiroshima bombing and which
relate most directly to the moral stance taken by the detainees
confronted with the momentous event and after the war.

During the few weeks of their rounding up in defeated
Germany and detention prior to Hiroshima, the nuclear sci-
entists expect to be revered by their guardians as proud and
brilliant nuclear pioneers.At Farm Hall they receive a princely
treatment in a generous enemy country gravely weakened by
the war. In spite of this they manifest a great deal of impa-
tience at being left guessing why they are interned and what
is expected from them. They lament about the likely dreadful
treatment inflicted by barbarous invaders on their families
left behind in occupied Germany. They even threaten to es-
cape and to sell their superior nuclear knowledge to Russia
or to Argentina, etc….

Suddenly their haughty attitude is shattered by the news of
the Hiroshima bombing announced by the BBC radio on the
evening of August 6. Their shocked reactions to the news,
which make the most gripping part of the FHT, are commen-
surate with their illusions of the previous days: incredulity
first, then enormous stupor, devastation, sometimes scorn and
anger towards each other. For hours, they wonder how the
bomb was made, speculate on technical issues such as which
isotope enrichment methods were used, what was the fissile
mass, etc…. They scramble to understand how the Allies
could have progressed so quickly in a research and technical
field which they had themselves created by their discovery of
fission and which they were confident to be alone develop-
ing. Then late on the evening of Hiroshima and the next day,
an explanation gradually emerges as to why they have fallen
so far behind in the nuclear adventure: a novel interpretation
is skilfully crafted by von Weizsäcker in a declaration which
after the war would cause the continuing controversy referred
to above and which lingered even as late as 2002 amongst the
distinguished investigators revisiting Farm Hall [1]:
von Weiszäcker: History will record that the Americans and
English made a bomb, and that at the same time the Germans,
under the Hitler regime, produced a workable engine. In other
words, the peaceful development of the uranium engine was
made in Germany under the Hitler regime, whereas the Amer-
icans and the English developed this ghastly weapon of war.
Upon reading this, one may remember Winston Churchill
quipping “History will be kind to me because I intend to write
it”. Some time after the war von Weizsäcker’s pronouncement
was qualified by von Laue (who had nothing to do with the
work of the Uranverein) as just a “Lesart”, a version or a read-
ing of history. While von Weizsäcker’s statement hardly rep-
resents what factually occurred, its underlying moral message
is definitely not what history will have recorded after publi-
cation of the FHT: the latter, combined with the post war re-
ports of the liberated professors, show that the Lesart should
be perceived not just as a personal interpretation of the facts
by one particular individual but as a conscious attempt at a
full, self-serving revision of history for future internal and ex-

ternal consumption. Bernstein reformulates it as follows [7]:
“The German scientists behaved morally in an immoral regime,
while the allied counterparts did just the opposite”.

On carefully reading the Transcripts it appears that von
Weizsäcker’s conclusion did not come out of his imaginative
mind all of a sudden: it was the final product of a previous
period of groping by him and others of his colleagues to build
up a high moral ground from which to explain, to the full sat-
isfaction of their own conscience, why they had failed to pro-
duce an atomic weapon for Hitler. For example here are bits
of conversations recorded in the FHT on the evening of Hi-
roshima (August 6) [7]:
vonWeizsäcker: I think it is dreadful of the Americans to have
done it. I think it is madness of their part.
Heisenberg: One can’t say that. One could equally say “That’s
the quickest way of ending the war”.
Hahn: That’s what consoles me.
…
Heisenberg: We wouldn’t have had the moral courage to rec-
ommend to the government in the spring of 1942 that they
should employ 120.000 men just for building the thing up (the
bomb).
von Weizsäcker: I believe the reason we didn’t do it was be-
cause all the physicists didn’t want to do it, on principle. If we
had all wanted Germany to win the war we would have suc-
ceeded.
Hahn: I don’t believe that but I am thankful we didn’t succeed.
…
Wirtz: I think it is characteristic that the German made the dis-
covery and didn’t use it, whereas the Americans have used it. I
must say I didn’t think the Americans would dare to use it.
…
Hahn: Surely you are not in favour of such an inhuman weapon
as the uranium bomb ?
Gerlach: No. We never worked on a bomb…. You cannot pre-
vent its development. I was afraid to think of the bomb, but I did
think of it as a thing for the future, and that the man who could
threaten the use of the bomb would be able to achieve anything.
That is exactly what I told Geist, Sauckel and Murr (political
authorities).

Gerlach (of the Stern-Gerlach experiment) became the
Uranverein top administrator late in the war. In these ex-
changes, Heisenberg and Hahn contradict von Weizsäcker,
Gerlach contradicts himself and von Weizsäcker and Wirtz
claim for all of them moral superiority over the Americans.
In the Transcripts one comes across such statements until the
Lesart is promulgated and implicitly endorsed by all at Farm
Hall. An attenuated form of it (with the finger-pointing to-
ward the Allies removed), namely that the Uranverein worked
exclusively on a peaceful uranium engine, was incorporated in
a memorandum written and signed at Farm Hall by all de-
tainees (with reservations from von Laue), which represents
their common version of the goals and achievements of the
Uranverein [7],[11].

After the war, the Lesart would become, shall we say, the
official ideological party line, with its ethical import explicitly
or implicitly used by several of the detainees in their recol-
lections and memoirs, and by their apologists, such as author
Robert Jungk [13], Heisenberg’s biographer Thomas Power
[14] and Heisenberg’s wife Elisabeth [15].
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However, while von Laue was well placed to denounce the
Lesart, several post war historians and commentators also
raised strong objections to reports inspired from it. Among
the most famous are Goudsmit [2], Rose [8], Arnold Kramish
[16] and Aage Bohr [17]. Also crucial for gauging the credi-
bility of the Lesart are the poignant letters (recently released
[18]) written by Niels Bohr to Heisenberg concerning their
fateful 1941 meeting in Copenhagen so artfully fictionalised
by Frayn [5]. The controversy boils down to just one ques-
tion: did the German nuclear researchers intend to build an
atomic bomb for the regime or, as the Lesart implies, did they
intentionally refrain from ever working on the bomb since
the launch of the Uranverein in 1939? As put most directly by
Walker, “were they Nazis or anti-Nazis?” [6].

In his introduction to the FHT, Sir Charles Franck [4] re-
marks: “having, for whatever reason, renounced work on the
bomb it would be only human to reinforce that decision with a
sense of virtue”. Implicit in this judgment is that to be in a po-
sition of deciding to renounce work on the bomb, the Uran-
verein members must have had the intention to build one in
the first place. Did they really have such a plan ? Indeed the
FHT leave absolutely no doubt that the initial goals of the
Uranverein included both the building of nuclear explosives
and the construction of a not-so-peaceful Uranium engine,
that is a natural-uranium reactor moderated by heavy water
which, to the full knowledge of the scientists, could breed a
fissile transuranic element, Pu239 (used for the Nagasaki
bomb). Here are the relevant oral exchanges in the FHT of
August 6, post Hiroshima:
Bagge:We must take off our hats to these people for having the
courage to risk so many millions.
Harteck: We might have succeeded if the highest authorities
had said “We are prepared to sacrifice everything”
von Weizsäcker: In our case even the scientists said it (the
bomb) couldn’t be done.

Bagge: That is not true. You were there yourself at that confer-
ence in Berlin. I think it was on 8th September (1939) that every-
one was asked – Geiger, Bothe and you Harteck were there too
– and everyone said “it must be done at once”. Someone said
“Of course it is an open question whether one ought to do a
thing like that”. Thereupon Bothe got up and said “Gentlemen
it must be done.” Then Geiger got up and said “If there is the
slightest chance that it is possible – it must be done.”

These explicit early commitments to making a bomb are
aggravated by the fact that these persons, Bothe, Geiger,
Harteck, Heisenberg, etc… were not even Nazi sympathisers,
let alone party members. Lest such oral recommendations be
viewed by apologists as nothing more than opportunistic,
thoughtless boastings, one should note that these initial in-
tentions were confirmed by several of the prominent scien-
tists who did go out of their way to inform, this time in
writing, high-ranking military or political authorities of the
wonderful virtues of nuclear explosives. In a letter dated April
24, 1939, Harteck from Hamburg, with his assistant Wilhelm
Groth wrote to Erich Schumann, the head of the Heereswaf-
fenamt that [7],[19] “We take the liberty of calling to your at-
tention the newest developments in nuclear physics, which, in
our opinion will probably make it possible to produce an ex-
plosive many orders of magnitude more powerful than the con-
ventional ones. That country which first make use of it has an
unsurpassable advantage over the others”. At conferences or-
ganized in Berlin in February and June 1942 to inform high-
level Nazi dignitaries (including Himmler, Speer,…),
Heisenberg lectured on the Uranverein program describing
most explicitly what could be achieved with a Uranium reac-
tor then under prototype development in Germany [7]: “As
soon as such a machine is in operation, the question of the pro-
duction of a new explosive takes a new turn, according to an
idea of von Weizsäcker. The transformation of uranium in the
machine produces, in fact, a new substance (element 94) which •••

� Fig. 1: The ten German nuclear scientists held at Farm Hall: upper line left to right: W. Heisenberg, O. Hahn, M. Von Laue, C. F. von Weizsäcker, P. Harteck
lower line left to right: W. Gerlach, K. Wirtz; K. Diebner, E. Bagge, H. Korsching.
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••• is most probably, just like U235, an explosive of the same
unimaginable effect. This substance can be obtained much more
easily from uranium than is U235 because it may be separated
chemically from the uranium”. The mechanism of plutonium
breeding in a reactor, advertised by von Weizsäcker as the
“open road to the bomb”, was described in a written document
sent by him to the Heereswaffenamt again, with a copy to
Heisenberg, as early as July 1940 [7].

Albeit only lukewarm regime supporters, what these top
scientists were doing by dangling the unsurpassable advan-
tage of the nuclear explosive at the nose of power hungry mil-
itary and political dignitaries can hardly be qualified as a
“conscious striving” at directing the work towards peaceful ap-
plications ! Did they perhaps feel that their own recommen-
dations were not realistic and would not be taken seriously?
Fortunately for them and for the rest of the world, they in-
deed were not. The Nazi authorities never felt it urgent to take
their scientists at their own word since, as mentioned earlier,
they were led to believe that Germany could not be surprised
by atomic weapons from their enemies any time soon. On that
count they were right by only a few weeks at the end of the
war in Europe.

How is it then that, if not from ethical restraint, the Uran-
verein failed to achieve its initial objectives in spite of a 2½
years head start over the Manhattan project? There are many
concrete elements of explanation [20] one of which has to do
with the critical mass of U235 or Pu239 required for a bomb.
It appears that on this crucial question, at the very beginning
of the war, two technical mistakes were made which have in-
fluenced the course of events decisively but in opposite di-
rections for the German and Allied programs. On the one
hand, as argued in great detail by Rose throughout his book
[8], already in 1940 Heisenberg is said to have made an initial
evaluation based on an erroneous use of the random walk
process for calculating the scattering and multiplication of
neutrons in a fast fission bomb. The conceptual error, which
Heisenberg reproduces at Farm Hall in answer to Hahn’s
questioning on how the bomb works [11], leads to a grossly
over evaluated critical mass amounting to several tons. Coming
from the prestigious head of the Uranverein, this wrong
model would have been uncritically accepted by the nuclear
community and caused the German bomb project to be
pushed on the back burner. On the other hand, in the UK at
about the same time, Otto Frisch and Rudolf Peierls [7] solved
the correct neutron diffusion equation to evaluate the criti-
cal mass but used too optimistic nuclear constants [20]. This
resulted in a serious under evaluation of merely one pound,
which had the immediate effect of giving to the British bomb
project a status of highest priority and, some time later, helped
kick start the Manhattan project [19].

The consequences of this spectacular, somewhat serendip-
itous technical divergence between the German and Allied
sides were further amplified by the contingencies of the war.
In Germany, with the great military successes of the Blitzkrieg
and all its attendant self-assurance and self-delusion, no one
in a position of power felt any immediate need for weapons
more potent than the conventional ones. After the set-backs
in the air war against Britain and especially after 1942-1943,
with their first serious reverses in Russia, the German armies
went on the defensive and it was now too late to think of

diverting massive resources for a hypothetical nuclear weapon
system (such resources as still remained available were al-
ready committed for other “wonder weapons”, jet engines,
cruise missiles and ballistic rockets). Then the Uranverein
could retreat into a state of limbo which would suit most of its
members, all good patriots holding to their own head but
none fanatic Nazis. By contrast, on the Allied side, the same
initial successes of the Axis Powers in the European and Pa-
cific wars put the Manhattan authorities under great pressure
to explore all possible avenues of making a nuclear bomb [19]
and to maintain this effort until reaching the explicit objec-
tives of hastening the end of the war and of gaining the cov-
eted “unsurpassable advantage” for the post war era.

As for the psychological implications of the Lesart, one
may wonder why von Weiszäcker and his colleagues at-
tempted to cover up their true initial intentions. After all, if
the evil nature of the Nazi regime may be disregarded for a
while, their commitment to work on all applications of nu-
clear fission, including the military, could claim the same le-
gitimacy as that of the allied scientists, namely that provided
by the emerging concept of nuclear deterrence. Then why did
they pretend to have consciously avoided work on a bomb
from the very beginning, when in fact their conversations at
Farm Hall prove the contrary and even reveal [7] that in 1941
the Kaiser Wilhelm Institute for Physics filed a patent for an
atomic bomb on their behalf? Could it be that, upon being in-
formed of the Hiroshima horror, some of them experienced
an acute retrospective sense of guilt (repeatedly expressed in
the Transcripts by Hahn about his discovery of fission) ag-
gravated by their knowledge of the atrocities committed by
the Nazi regime under which they chose to remain and work
[11]. For von Weizsäcker (who belonged to a notorious fam-
ily of diplomats), for Heisenberg (the adulated hero of Quan-
tum Mechanics) and for some of the others, that guilty
conscience may have been personally so embarrassing for
their anticipated post-war image, that they found it necessary
to repress it and go so far as to substitute for it a sense of
virtue, to use Sir Charles’s phrase.

The FHT make a fascinating reading and constitute a to-
tally trustworthy set of documents [11]. What indeed can be
more factually reliable and psychologically revealing than the
conversations between uninhibited collegial experts who con-
fide themselves to each other, exchanging their immediate
and spontaneous thoughts in total confidence, unaware of
being overheard. This cannot be said of many of the post-war
writings of the protagonists and apologists which, as in the
case of Heisenberg’s Nature paper [12], are most likely to have
been influenced by a great deal of afterthoughts and copious
editing.

The delay in publishing the FHT so long after their record-
ing, imposed by military state secrecy and humanitarian con-
cern for the liberated professors, goes a long way in explaining
why the Lesart could take root and why a big ensuing con-
troversy was allowed to develop in the post-war literature on
this dramatic episode of science history. �
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Back in 1808 the young French soldier Etienne Louis Malus
noted that there is something funny about reflections.While

looking through a crystal of Iceland spar calcite in his Paris
apartment, he noticed variations in the sunlight reflected from
windows in the Palais du Luxembourg across the street when he
rotated the crystal. This observation, often considered as the
discovery of light polarization, laid the basis for our Polaroid
glasses. Indeed, the most common use of Polaroid glasses is
aimed at reducing annoying reflections.

To fully appreciate the issue, let us recall the behaviour of
light when reflected from glass, or from water. The reflectance

as a function of incident angle θ
(the angle to the normal) is given
here for convenience. The graph is
for the case of glass, but is only
marginally different in the water
case. It shows the reflectance for the
two polarizations parallel and per-
pendicular with respect to the
plane of incidence. The dashed
curve is the average, or the effective
reflectance for non-polarized light.

Before entering into a discussion of the two different po-
larizations, it is interesting to notice that for grazing inci-
dence (θ = 90°) the reflectance becomes unity. Therefore, the
image of the setting sun above a quiet lake appears just as
bright as the sun itself, for example.

At the other end of the axis, for light incident along the
surface normal, the reflectance is a few percent only: for glass
having a refractive index n = 3/2 we find (n-1)2 / (n+1)2 =
(1/5)2 or 4%. For water with n = 4/3 we find even less: (1/7)2

or 2 % only. Therefore, if we look straight into a pond, the re-
flection of our own face is really weak, and there is a fair
chance that we can see the fish, provided that it is there and
that the water is clear.

But we can do better than that by going to angles in between
these two extremes and using Polaroid glasses. Obviously, our
best choice is Brewster’s angle, where one of
the two polarizations has zero re-
flectance, such that the reflected light
is completely polarized. It is the angle
whose tangent is the index of refrac-
tion: θ = 56° for glass and 53° for
water. Here our Polaroid glasses
work perfectly.

So, if we want to make a picture
of something behind glass, Brew-
ster comes to our rescue, provided
that we orient our Polaroid filter
correctly. And, in the case of the
pond: using Polaroid glasses we
can completely get rid of the re-
flection of the sky. Use a bit of
physics, and outsmart the fish.
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