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Why did German physicists not build an atomic bomb during the Second World War? This
question has long been controversial. This essay provides a new perspective through a focus
on the everyday practice of the physicists in their laboratories. The study of everyday
research work has long been obscured by the question of the bomb. To this end, the research
of the Viennese group in the German Uranverein, or “Uranium Club,” will be analyzed in
detail. What breaks and continuities were there in everyday laboratory practice? Were the
physicists able to acquire new resources? Did they at least come close to the scale of Big
Science or did their research remain tied to the academic laboratory?
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Introduction

Since the end of the Second World War, the German Uranverein, or “Uranium
Club,” has been a source of much controversy. It has sparked disputes among
contemporary witnesses,' among historians,” and has caused quarrels between
historians and physicists.” Central to these controversies has been the question of
the atomic bomb and why German physicists who were part of the Uranverein did
not build a nuclear weapon during the war. Was it the incompetence of the
German physicists? Was it a moral refusal? Or did they perhaps indeed detonate a
subcritical bomb after all?

With his foundational work on the German Uranverein, Mark Walker has
shown that the question of an atomic bomb never arose for the club’s physicists
during the war.* Be it through speculative interpretations or crude misinterpre-
tations of historical sources, several attempts have been made to shake this
fundamental observation. In contrast to many other approaches, this essay will not
focus on the question of nuclear weapons. The analysis instead concentrates on the

* Christian Forstner (1975-2022) was an assistant professor at the Friedrich Schiller
University Jena, Germany, and a specialist in the history of science during the Cold War.
His untimely passing while this paper was in press represents a great loss to the discipline.
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physicists’ everyday practices, exploring what the daily work of the laboratory
entailed. The focus rests on the Viennese branch of the Uranverein, whose work
has been relatively neglected and is easy to access through the available archives.
Two archives are of particular importance: first, the Deutsches Museum in
Munich, which contains the central inventory of the secret reports of the Uran-
verein; second, the excellently indexed holdings of the Institute for Radium
Research in the Austrian Academy of Sciences archives in Vienna. This inventory
makes it possible to contextualize the secret reports in another area, namely the
work carried out before and after the Uranverein.

By way of introduction, this essay will briefly outline the path from early
radioactivity research to nuclear fission and thereby highlight the importance of
the Viennese researchers in the European network. This role is presented in the
context of the period that culminated in Austria’s annexation by Nazi Germany in
1938, which was followed by the integration of some of the Viennese researchers
into the newly founded German Uranverein. Werner Heisenberg’s research report
Die Moglichkeit der technischen Energiegewinnung aus der Uranspaltung (The
possibility of technicalenergy production from uranium fission),” written in
autumn/winter 1939, is of particular importance. The report was fundamental and
programmatic for the further direction of the German nuclear project. Isolating
individual aspects of the report has already led to considerable
misinterpretations.®

What impact did the report have on the work of the physicists? Scientists who
were part of the Uranverein, which was small compared with the Manhattan
Project, were not assigned to a central project. Instead, they were assigned to
research groups established on top of existing university groups. Newly created
groups, such as those of the German Army Ordnance Office, competed with the
existing groups. To illustrate these relationships, the work of the Viennese group
of the Uranverein will be analyzed. It consisted of staff from the University of
Vienna and the Vienna Institute for Radium Research. The Vienna Group
investigated scattering cross sections of neutrons and determined the range and
mass of nuclear fragments. What methods and instruments did the university have
at its disposal? To what extent did the work in the Uranverein bring new methods
or resources for the Vienna group? Finally, the consequences of the analysis for
the further consideration of the Uranverein will be explored.

Vienna in the Context of International Radium Research and Nuclear Physics

Radioactivity research had attracted the interest of Viennese physicists and che-
mists by the end of the nineteenth century. They had exclusive access to the
uraninite mines in the Bohemian town of St. Joachimsthal, now Jachymov in the
Czech Republic, and thus became a focal point for the Europe-wide distribution of
the coveted raw material. For example, after a request to the Imperial Academy of
Sciences in Vienna, Pierre and Marie Curie received a shipment of uraninite free
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of charge and returned a sample of the radium they had just discovered to the
academy.” By 1901, the academy had established a commission for the investi-
gation of radioactive substances, led by Franz Serafin Exner, the head of the
University of Vienna’s Physics Institute I1.° The Institute for Radium Research,
however, was not established until 1910 thanks to a contribution by the industri-
alist Karl Kupelwieser. Franz Exner was appointed director. Stefan Meyer, as
managing director, took over the coordination of the daily research practice and,
from 1920, the management of the institute. Along with Paris, Vienna became a
repository of a second radium standard. As such, the institute found itself in the
difficult position of balancing national research interests and international aca-
demic cooperation from the very beginning. This has been intensively studied by
Maria Rentetzi, Silke Fengler, Carola Sachse, and Wolfgang Reiter,” as well as
Roger Stuewer who has analyzed Viennese research in a broader context of
nuclear research between the two world wars."

In the 1920s and 1930s, radioactivity research began to split into the subfields of
radiochemistry, pursued in particular in the Laboratoire Curie in Paris, and
nuclear physics, which Ernest Rutherford’s laboratory studied in Cambridge. The
first historical analyses with a focus on Vienna examined the work of the physicist
Marietta Blau and the controversy over artificial nuclear disintegration between
Vienna and Cambridge.'' The Viennese physicists had bombarded nitrogen with
o-rays, but their methodology when observing the reactions with scintillation
screens was flawed. In the course of the controversy surrounding the method of
evaluating scintillation screens, Blau developed her work with film emulsions. By
the 1930s, she had refined this method to such an extent that individual protons
could be detected, and Blau used it to discover the “disintegration stars” of cosmic
rays.'?

The physicist Georg Stetter, who was later to play a central role in Viennese
nuclear research, took a different path. Stetter had studied physics at the
University of Vienna and received his doctorate in 1922. That same year, he
became an assistant at the University of Vienna’s Physics Institute II, qualifying as
a professor in 1928."> He made quantitative measurements on nuclear fragments
with the use of tube amplifiers. Together with Josef Schintlmeister, Gustav Ortner,
and Ewald Schmidt, he further developed the tube electrometer into an instru-
ment for measuring nuclear reactions.'* This was pioneering work in nuclear
physics that later shaped one of the Viennese research fields in the Uranverein."

James Chadwick’s discovery of the neutron in 1932 at the Cavendish Labora-
tory marked a turning point for radioactivity research. An elementary particle was
now available with which one could easily penetrate the atomic nucleus.'®
Chadwick used the a-emitter radium and mixed it with beryllium. To his credit, he
succeeded in identifying the released radiation as a chargeless particle and in
ruling out the possibility that it was high-energy y-radiation, as had previously
been suspected.
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Similar experiments had been carried out before at the other centers of
radioactivity research and nuclear physics, but none had succeeded in this final
step. In 1930 at the Imperial Physical Technical Institute in Berlin, Walther Bothe
and Herbert Becker observed a secondary radiation in addition to ordinary y-rays
when bombarding beryllium with the o-rays of a polonium preparation. They
considered these to be the hardest (most energetic) y-rays so far due to their
charge neutrality.'” Iréne and Frédéric Joliot-Curie in Paris, as well as Stefan
Meyer’s working group at the Institute for Radium Research in Vienna, conducted
similar experiments.'® Chadwick’s results became clear in 1932 and were quickly
replicated at the other centers. The (a,n) nuclear reaction was therefore available
to the nuclear physics community as a way to produce neutrons, referred to as a
neutron source.'”

The newly discovered neutron was employed as the other forms of radiation
had been: the known elements were bombarded with neutrons and an attempt was
made to extrapolate the nuclear reaction that had taken place by analyzing the end
products. By January 1934, the Joliot-Curies in Paris had observed the artificial
activation of aluminum by «-rays, and in March the Italian physicist Enrico Fermi
in Rome succeeded in artificially activating various elements with neutrons. Fer-
mi’s laboratory developed into a major European center for neutron physics until
his emigration to the United States in 1938. His neutron sources consisted of 30—
80 cm-long glass tubes into which beryllium powder and radon, then also called
radium emanation, were melted. The cylindrical samples were then arranged
around a center of the neutron source.”” Fermi also irradiated uranium with
neutrons; however, he did not succeed in discovering nuclear fission. The fission of
a heavy nucleus by neutrons was outside the expectation of physicists at the time;
instead they assumed that the neutrons would latch on to the nucleus and lead
either to the formation of heavy isotopes or to the creation of a new element when
the captured neutron transformed into a proton by emitting a f-particle.

At the Kaiser Wilhelm Institute for Chemistry in Berlin, Otto Hahn, Lise
Meitner, and Fritz Stramann also attempted to produce transuranic elements by
bombarding uranium salts with neutrons. With the annexation of Austria by Nazi
Germany in March 1938, Lise Meitner suddenly became a German citizen and her
only option was to flee into exile in Sweden to escape Nazi Germany’s grasp.”' At
the end of 1938, Hahn and StraBmann, who both remained in Berlin, succeeded in
chemically detecting barium as the end product of nuclear fission.”” The only
possible explanation was a bursting of the uranium nucleus. From exile, Lise
Meitner and her nephew Otto Frisch made a physical interpretation of nuclear
fission on the basis of what was known as the liquid-drop model.”®

The annexation of Austria also led to rifts within Viennese institutes. The
Radium Institute had already suffered through financial and personnel cuts due to
the loss of funding from private foundations during the world economic crisis.**
From 1934 to 1938, the Austrofascist governments abolished parliament and
replaced it with one-party rule. During this period of the so-called corporative
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state in Austria, political purges took place partly openly and partly under the
guise of austerity measures. Mitchel Ash estimates that about 25% of the uni-
versity staff in the corporative state lost their jobs by 1938.*> Following
annexation, Nazi Germany’s racist and anti-Semitic legislation was suddenly
enforced in Austria as well. This resulted in further job losses.

Until the annexation, two centers of radioactivity and nuclear research existed:
one within the University of Vienna’s Physics Institute II, the other at the Institute
for Radium Research. About one third of Viennese physicists lost their positions
following annexation, largely due to the anti-Semitic measures implemented under
Nazi leadership. The physics chairs at the University of Vienna were subsequently
occupied by supporters or followers of the Nazi regime. Georg Stetter, who had
been a member of the illegal NSDAP before the annexation, was appointed Head
of the Physics Institute II. The position had been vacant for several years. After
the retirement of the former director, Gustav Jéager, in 1934, the position remained
empty due to the austerity measures under the corporative state. It was managed
jointly with the Physics Institute I. Not until Austria’s annexation by Nazi Ger-
many was Jiger’s position reactivated and filled by Stetter.*®

Gustav Ortner replaced Stefan Meyer as director of the Institute for Radium
Research. Stefan Meyer and his deputy Karl Przibram were dismissed because of
anti-Semitic Nazi policies. Both were able to stay at the institute for a short time as
guests until they had to leave after a smear campaign. Przibram emigrated to
Belgium, and Meyer was able to survive the Nazi dictatorship in Bad Ischl in
Austria.?” In 1943, parts of the institutes were merged to form the Four-Year-Plan
Institute for Neutron Research under Stetter’s direction.”®

The Beginnings of the Uranium Club

The Uranium Club formed the organizational framework for the scientists and
researchers in the German nuclear project. The frequently cited competition
between different institutions characteristic of science in the Nazi state is evident
in the Uranverein’s founding. In April 1939, the physicist Wilhelm Hanle gave a
lecture in Gottingen on the use of nuclear fission and the possibility of a uranium
machine. Hanle had completed his doctorate in Gottingen in 1924 under James
Franck, who had been expelled by the National Socialists. Hanle, after stopovers
in Jena and Leipzig, had been transferred back to Gottingen by the Reich Ministry
of Education in 1937. Subsequently, Hanle and Georg Joos, Franck’s successor,
wrote a letter to the Reich Ministry of Education pointing out the possibilities of a
uranium burner, as well as those of a highly efficient explosive. Under the lead-
ership of the Jena physicist Abraham Esau, who led the physics division in the
Reich Research Council, a founding workshop—in today’s terms—for a uranium
club took place in Berlin on April 29, 1939.

In parallel, the Hamburg physical chemist Paul Harteck and his assistant Wil-
helm Groth wrote to Erich Schumann, the head of the research department of the
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German Army Ordnance Office (HWA), on April 24, 1939, clearly indicating the
possibility of a new explosive. Yet the significance of fission for the war plans of
the German Reich was unclear at first: should the potential be low, it was also low
for Germany’s opponents. However, should nuclear research prove relevant to
war, the danger of missing out would be too great if nuclear fission were not
investigated further. The HWA commissioned Kurt Diebner to lead the project.
Diebner had completed his physics studies in Halle with a doctorate in 1931 and
moved from the Imperial Physical Technical Institute to the research department
of the HWA in 1934, where he worked as a nuclear physicist and explosives expert.
Under his leadership, the HWA took over the organization of the Uranverein in
October 1939, and the Kaiser Wilhelm Institute (KWI) for Physics became a
central interface in the German nuclear project, in which numerous groups col-
laborated: at the University of Leipzig, a research center of the HWA in Gottow
near Berlin, the KWI for Medical Research in Heidelberg, the universities of
Hamburg and Munich and, last but not least, at the University of Vienna.”’

Werner Heisenberg’s Programmatic Expert Report

After the HWA had taken over the management of the project, it organized a
central conference in Berlin in September 1939. One of the participants was
Werner Heisenberg. At that time, he held a professorship in theoretical physics at
the University of Leipzig. In the following two and a half months, Heisenberg
produced a feasibility study that was to make him one of the central figures of the
Uranverein. The importance of Heisenberg’s study lies in the program it set for the
further work of the Uranverein.

Heisenberg assumed that the interpretation of the fission process by Niels Bohr
and the American physicist John A. Wheeler based on the liquid drop model of
June 1939 was correct, and that in particular the uranium isotope 235 was
responsible for the fission processes with thermal neutrons.>® For his feasibility
study he drew on a paper by Herbert L. Anderson, Enrico Fermi, and Leo Szilard
on the production and absorption of neutrons in uranium, published in Physical
Review in early July 1939.%!

The three physicists from Columbia University, New York, gave an estimate of
the neutrons released during the fission process. They had placed 52 cylinders,
5 cm in diameter and 60 cm long, filled with uranium oxide in a cylindrical tank
with a volume of 540 L. In the center was a Ra+Be neutron source and the
cylinders were surrounded by a 10% MnSO, solution. This involved an estimate of
neutron propagation, the capture of thermal neutrons in hydrogen and uranium
238, and the resonance capture of neutrons in uranium 238.

Based on this, Heisenberg estimated the number of neutrons produced per
absorbed thermal neutron. First, the probability of resonance capture before a fast
neutron reaches the thermal range had to be determined. The experimental
arrangement had to be designed to minimize loss of neutrons through resonance
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capture. Heisenberg distinguished between two cases: uranium or a uranium
compound in a solution with another substance (homogeneous) or spatially sep-
arated in larger pieces from the surrounding substance (heterogeneous). From the
general theoretical considerations, he was able to show that a homogeneous
solution was more favorable than the geometry chosen by Anderson, Fermi, and
Szilard.

At the same time, he pointed out a suggestion by Paul Harteck that the reso-
nance capture can be further reduced by a favorably chosen geometry. He then
looked at solutions in water and in heavy water, D,O. He calculated that a solution
in water must always lead to a reduction in neutrons and that a uranium-water
mixture is unsuitable for nuclear fission. Enrichment of uranium 235 seemed to
him to be the safest method. With an enrichment level of 30%, a self-sustaining
chain reaction would be extremely probable; at 50% enrichment, it would be
certain. Because of the expected cost of enrichment, he proposed using a neutron
moderator with similar braking properties to H,O that absorbs fewer neutrons.

Heisenberg compiled a table of experimentally determined or theoretically
estimated cross sections for hydrogen, deuterium, carbon, oxygen, and uranium.
This showed that a mixture of heavy water and water as a moderator would lead to
a neutron increase. Due to the long free-path lengths before an event occurred, he
noted the necessarily large dimensions of a uranium machine and the associated
costs and ruled out a chain reaction in uranium 238 with fast neutrons. With the
change in neutron number, he also had to consider propagation by diffusion. Due
to the temperature dependence of the quantities in the diffusion process, he
determined that uranium 238 was not a suitable explosive. He instead noted that a
sphere of enriched uranium 235 of a sufficient radius would lead to an abrupt
increase in temperature to about 10'*°C. He stressed that “this explosive trans-
formation of the uranium atoms can only occur in almost pure Uz, because even
with small additions of U33® the neutrons in the resonance site are snatched away
from U33®.”** The discussion of uranium as an explosive consumed only about half
a page of Heisenberg’s twenty-five-page report. It inevitably leads to a misinter-
pretation of the sources when this is singled out as the report’s central aspect.
Central to Heisenberg’s work was the question of the feasibility of a uranium
machine.*

He showed in his analysis that a reflective layer, made of a neutron moderator,
would lead to a significant increase in the efficiency of a uranium machine. Even
ordinary water would have clear advantages over air. For a homogeneous reactor
of natural uranium and D,0, Heisenberg estimated a minimum radius of 60 cm for
a sphere surrounded by water to keep a chain reaction operating stably at 800 °C.

Next, Heisenberg investigated a spatially separated arrangement of uranium
and moderator in the most general form. He found that here, too, pure H,O is
unsuitable as a neutron moderator and leads only to a slight reduction in neutrons.
He then gave an estimate for D,O as a moderator and the dimensions of an
expected reactor: the most favorable plate thicknesses were found to be 4 cm with
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gaps of 11.5 cm filled with D,O, with an overall size of 1.2 m>. Heisenberg hoped
to reduce the size by a factor of two to three by finding an even more geometrically
practical solution. For graphite as moderator, the plate spacing increased to 33 cm
with a necessary volume of 3 m? to achieve a self-sustaining chain reaction. This
then would require about 30 tons of graphite and 25 tons of uranium oxide.
Finally, he looked at a mixture of heavy water and graphite as a moderator, where
the volume and material requirements were significantly lower.

In his summary, Heisenberg reviewed the points that seemed most important to
him:

e The enrichment of uranium 235 was the safest path towards a functional
uranium machine. The higher uranium 235 was enriched, the smaller the
machine.

e The enrichment of uranium 235 represented the only path toward new
explosives “that exceed the explosive power of the most powerful explosives to
date by several powers of ten.”

¢ Uranium 238 in combination with heavy water or graphite could also be used as
a moderator for energy generation.

e It was indispensable for a successful design that all scattering, effective, and
capture cross sections be precisely verified experimentally.

Heisenberg’s report was of central importance because it guided the next
fundamental steps in the work, as well as the first concrete estimates for the
construction of a uranium machine. The experimental results published in the
Physical Review in March and April 1940 clearly proved that uranium 235 was
responsible for fission with thermal neutrons. The US group had separated ura-
nium 238 and 235 in a mass spectrograph and bombarded the samples with
neutrons of different speeds.*

As mentioned in Heisenberg’s report, this theory now had to be verified by
experimentally determining and refining the nuclear constants, as well as by testing
various geometric arrangements. This was followed by work on isotope separation.
Various moderators were also tested for their suitability. A micro-study of the
Vienna group’s work will now shed light on everyday research in the Uranverein.

Everyday Research in the Vienna Group of the Uranverein

Of the Viennese researchers, the group around Georg Stetter, using the methods
he had developed, including the use of tube amplifiers for nuclear physics mea-
surements, was the Uranverein’s most active. For Stetter, the annexation of
Austria had paid off: he was able to take up the vacant professorship of the Physics
Institute II and received funding from the German Research Foundation for his
research. The Reich Office for Economic Expansion also amply supported its
projects in 1939 with 76,590.04 Reichsmark.* The Vienna group had grown over
many years: it included, among others, the physicists Josef Schintlmeister, Gustav
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Ortner, Friedrich Prankl, and Willibald Jentschke, some of whom had worked with
Stetter since the late 1920s. A new addition was the physicist Karl Lintner, who
received his doctorate on April 29, 1940 with a thesis on “A Coincidence Method
for Determining the Range of Heavy Nuclear Fragments from Uranium” and
worked as a research assistant and later as an assistant in the University of
Vienna’s physics department.

In the following section, the three central research fields of the Vienna Group
in the Uranverein will be outlined:

e The identification of plutonium by the physicist Josef Schintlmeister from 1940
to early 1942.

e The investigation of fast neutrons in uranium by Georg Stetter and assistant
Karl Lintner from around 1941-42, and in other elements by Friedrich Prankl.

e The investigation of the energies and ranges of uranium core fragments by
Willibald Jentschke, Friedrich Prankl, and Karl Lintner.

Finally, this section will discuss the neutron sources used, and those that were
sought.

Did the Uranverein bring new methods, new forms of cooperation, or new
research subjects to the everyday life of Viennese physicists? To answer this
question, the preliminary work by nuclear physicists must be examined. This
makes it clear what methods were available in 1939. This also makes it possible to
delineate which methods were newly added.

Schintlmeister used chemical methods to identify new elements in his investi-
gations of the 1.8 cm o-emitter. Radiochemistry had developed as a discipline
since the turn of the twentieth century. Using an increasingly finely differentiated
methodological apparatus, chemists succeeded in detecting quantities of sub-
stances that could hardly be weighed.*® With these methods, Otto Hahn and Fritz
Strassmann managed to detect barium as a fission product of uranium.>’ The next
section will show how Schintlmeister used these methods.

The scattering experiments by Stetter and Lintner on fast neutrons in uranium,
designed to measure uranium’s neutron cross-section, were also based on a
methodologically traditional approach. In the center of the set-up was the neutron
source, surrounded by the substance to be investigated.

One of the central achievements of the Viennese physicists was the modifica-
tion of tube electrometers that made detailed quantitative measurements possible.
The aim was to create a counting method that simultaneously allowed differen-
tiation of the counted corpuscles. Until then, Stetter had used mass spectroscopy
to determine the charge-to-mass ratio. The corpuscles were counted on a scintil-
lating screen with the aid of a microscope.”® Georg Stetter carried out the initial
work on tube electrometers with his co-workers Gustav Ortner and Ewald
Schmidt at the end of the 1920s and refined them over the following years.” The
first publications already show the efforts to replace scintillation experiments with
the new method.*® Later, with Schintlmeister, Stetter expanded the experimental
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set-up to a double-tube electrometer with two ionization chambers. This made it
possible to clearly determine the ionization capacity and the range of the
radiation.*!

Stetter’s student Willibald Jentschke also worked on the double-tube elec-
trometer.*? In 1935, he received a doctorate with his dissertation “Ionization
Measurements of Single a-rays with the Double-Tube Electrometer.” Immediately
after the discovery of uranium fission with neutrons, he and Prankl succeeded in
determining the range of uranium core fragments, that is after Hahn and Strass-
mann’s chemical proof of a fission product and Meitner and Frisch’s physical
interpretation, Jentschke and Prankl also proved the fission products physically,
after Frisch had done so.** These measurements were made before the Uranverein
was founded. For measurements carried out at the Uranverein, the ionization
chambers were adapted; no fundamental changes were necessary. The work
described below resulted in Jentschke qualifying as a professor in 1943 with the
thesis “Energies and Masses of Uranium Core Fragments upon Irradiation with
Neutrons.” This work will be revisited later.

In passing, it should be mentioned that the tube electrometer also played a
decisive role in the discovery of the natural isotopes of astatine in 1944 by Berta
Karlik and her assistant Traude Bernert. The two physicists worked independently
of the Uranverein, but were funded by the Reichsforschungsrat and the Deutschen
Forschungsgemainschaft. This shows that the tube electrometer had established
itself as a standard instrument of Viennese nuclear physicists by the end of the
1920s.*

The Identification of Plutonium

As early as 1934, Enrico Fermi in Rome had observed the transformation of
elements into those of the next higher atomic number. In this process, an element
with atomic number Z captures a neutron and transforms into a new element with
atomic number Z + 1 by emitting a f-particle. In the case of uranium 238§, it
captures a neutron. Plutonium 239 is produced from the excited uranium 239
nucleus after two f-decays.

Element 93, later named neptunium, was discovered by Edwin McMillian and
Philip Abelson and their discovery published in Physical Review. Kurt Starke,
working at the KWI for Chemistry, subsequently independently found neptunium
as well.*> The exact detection of plutonium was first achieved by the American
chemists Glenn T. Seaborg, Arthur C. Wahl, and Joseph W. Kennedy. Their
paper, submitted in January 1941, was not published in Physical Review until 1946
with the addition “This letter was received for publication on the date indicated
but was voluntarily withheld from publication until the end of the war.”*

The Uranverein also focused on the possibility of a new element. Schintlmeister
in Vienna observed an a-emitter with a range of 1.8 cm. His experiments allowed
the reasonable assumption that it was the new element 94. The chemical
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properties, combined with theoretical nuclear-physical estimates, did not lead to
an exact determination of the element. However, it was clear that it was fissionable
by neutron bombardment—either by fast or thermal neutrons, depending on its
mass number. At the end of his last report on element 94, Schintlmeister
emphasised the possibilities that the new fissile element would offer: “What
practical significance it would have to possess several kilograms of a pure sub-
stance, which splits with thermal neutrons, I do not need to elaborate. I believe it is
justified, for the sake of this prospect alone, to continue the trials intensively.”*’

How did Schintlmeister arrive at this assessment? First, he discussed the
chemical properties of the new element in his reports. Based on previous research,
he ruled out elements with atomic numbers lower than uranium, although there
were still gaps in the periodic table for atomic numbers 43, 61, 85, and 87. Thus, the
new element had to be a transuranic element, with an atomic number greater than
92. Using analogies with the possible electron configurations of the outer shells in
other elements and chemical experiments, especially precipitation reactions with
hydrogen sulphide (H,S), and the volatile properties of compounds formed in
nitric and sulphuric acid (HNOj; and H,SOy,), he determined that the new element
must have atomic number 93 or 94. From the «-decay properties, the energy of the
a-particles, and a missing f-decay, he concluded that the new element must have
the atomic number 94. The most likely mass number he estimated was 244, but 242
could also be possible. His report emphasized that, according to the theory of Bohr
and Wheeler, at a mass number of 244 or 242, fission with thermal neutrons is
possible; at a mass number of 246, fission only occurs under the action of fast
neutrons.*®

In his February 1942 report, Schintlmeister turned to the question of generating
energy through nuclear fission of the 1.8 cm a-emitter. The report was prepared
for the February 26 Uranverein conference, where Schintlmeister presented his
results in Berlin.*” He first discussed the extraction of plutonium from sphalerite.
Considering the chemical processes involved in smelting, a rough estimate of the
half-life, and an assumed atomic weight of 244 for the new element, Schintlmeister
estimated that one ton of ironstone (a smelting by-product) would contain about
0.1 g of plutonium. This seemed low at first, but Schintlmeister pointed out that
40% of the world’s production of platinum is produced as a by-product of pro-
cessing sulphide ores in Canada and that technical chemistry should not be
underestimated. From nuclear physics estimates of known decay and fission
reactions, Schintlmeister concluded that the new element could be fissioned by
thermal neutrons.”

In short, Schintlmeister tried to identify the properties of the new element with
the help of chemical laboratory analyses. His work thus lay within the classical
framework of the activities of a radiochemist of the time, supplemented by the use
of the ionization chamber and the tube electrometer to determine the range of the
o-radiation of the new element.
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Scattering Experiments with Neutrons

Friedrich Prankl, an assistant at the Institute for Radium Research in Vienna
during the war, summarized the investigations of cross sections of fast neutrons in
various elements after the war. The aim was to obtain more precise information on
both the size of the absorption and the size of the increase in neutrons due to
(n,2n) processes. The experimental set-up is shown in figure 1.

In this experiment, two different neutron sources were used to cover different
energy spectra of the neutrons. One is an Rn+CaF neutron source with a maxi-
mum energy of the neutrons produced of 2-3 MeV and the other is an Rn+Be
neutron source with a maximum neutron energy of about 14 MeV. The neutron
source, which was fused into a thin-walled glass sphere 8 mm in diameter, was
located in the center of a hollow sphere, with a 2-3 cm thick wall, of the substance
to be investigated. These substances were examined in solid, molten, or powdered
form. Fast neutrons emitted by the neutron source passed through the test sub-
stance and were slowed in a water tank, where they were detected as thermal
neutrons with the help of a boron ionization chamber. To prevent the effects of
backscattered thermal neutrons from the water vat, the hollow sphere of the test
substance was surrounded by another thin-walled hollow sphere containing
absorbers with large capture cross-sections for thermal neutrons, such as cadmium
and mercury. Carbon, aluminum, sulphur, iron, copper, zinc, cadmium, antimony,
tungsten, mercury, thallium, lead, and bismuth were examined in the experiments.
This was a standard method for investigating nuclear properties, carried out before
and after the war. But, of course, precise knowledge of the effect and scattering
cross sections was also a prerequisite for successful construction of a uranium
machine.”!

Experimentelle Amordmungs
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Fig. 1. Experimental set-up for determining the cross sections of fast neutrons. The diameter of
the sphere was less than 20 cm. Source: Prankl, Archive of the Deutsches Museum Miinchen
(ADMM), FA 002 / Vorl. No. 0702
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In 1941, Stetter and Karl Lintner began studying fast neutrons in uranium.
Although a uranium machine initiated by fast neutrons was no longer used in the
calculations, the influence of fast neutrons for a uranium machine with thermal
neutrons (that is, with heavy water as a moderator) could not be neglected because
the fission neutrons are fast neutrons to begin with. In an initial paper, Stetter and
Lintner investigated the increase in fast neutrons due to the fission process and the
decrease due to inelastic scattering. They chose the arrangement shown in figure 2.

This arrangement consisted of a system of concentric spheres. In their center
was either a Rn+Be neutron source or a Ra+Be neutron source. Three spherical
shells followed toward the outside: an inner spherical shell K; with a diameter of
5 cm, a middle spherical shell K, with 14.8 cm, and an outer spherical shell with a
diameter of 28 cm. The spheres K; and K, were either alternately or simultane-
ously filled with uranium.

An ionization chamber with four large-area uranium layers and a diameter of
13.4 cm was used to detect the neutrons. They were applied by electrolysis of
uranyl nitrate in water “homogeneously by interrupting and stirring.” Their
thickness corresponded to an air equivalent of 0.5 mm. A thermal neutron
entering the ionization chamber passes through the uranium layer and carries out
a fission process. Due to the thinness of the layer, the fission products ionize the
gas in the ionization chamber, resulting in a deflection that is clearly visible on the
amplifier. In this way, even individual processes could be detected.”

Initially, the experiments were carried out without cadmium and paraffin.
Different filling combinations were then tested. First, an empty measurement was
carried out with the neutron source, then once only K; filled with uranium, once
K, and once K, and K. This is, however, how all the neutrons in the arrangement
hit the ionization chamber. In a second series, K, was surrounded with cadmium
and paraffin. This filtered out the neutrons that had lost energy through scattering.
Subsequently, the escaping fast neutrons were decelerated to thermal levels and
thus detected in their entirety in the ionization chamber. From the different
numbers of events, Stetter and Lintner calculated the scattering cross section for
inelastic scattering of fast neutrons in uranium and the number of neutrons
released in a fission process with one fast neutron. A total of 4-5 neutrons are
released in such a fission process, but the fission cross section is only 1/10 of the
scattering cross section. This means that only one in ten fast neutrons provokes
fission; the rest are lost through inelastic collisions. This meant that no self-sus-
taining chain reaction was possible.”

The second report in the series by Stetter and Lintner is subtitled: “Accurate
Determination of the Inelastic Scattering Cross Section of the Neutron Number in
‘Fast’ Fission.” Increased accuracy was achieved by a modified experimental
geometry, shown in figure 3, and by a modified measurement procedure. The new
experimental set-up differs from the old one in particular through the thinner
uranium layer that surrounds the radiation source at a greater distance. With the
help of a uranium ionization chamber, Stetter and Lintner again determined the
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Fig. 2. Experimental set-up by Stetter and Lintner for the investigation of fast neutrons in
uranium, as well as a uranium ionization chamber for the detection of neutrons. Source: ADMM,
FA 002 / Vorl. No. 0240

number of fissionable neutrons. This time, they measured the number of neutrons
produced by the fissions using dysprosium oxide indicators in a tub of water. They
then determined the f-activity of the indicators using a counting tube with an
amplifier.”*

The experiment resulted in a more precise determination of the inelastic
scattering cross section for Ra+Be neutrons in uranium and a rapid drop in the
number of neutrons capable of fission with increasing uranium thickness, while the
total number of neutrons increased rapidly at first with increasing uranium
thickness, but then only very slowly. The authors could not then clarify the details
of the course of this growth curve.”

In further scattering experiments, Stetter and Lintner investigated the elastic
scattering cross section and the total effective cross section, interpolating from an
investigation of the (n,2n) process in lead to the analogous process in uranium and
inferring the number of fission neutrons.’® All these experiments were carried out
in the laboratories of the University of Vienna’s Physics Institute II in Boltz-
manngasse. The spatial dimensions, use of materials, and personnel clearly show
the character of academic laboratory science. These experiments also remained
within the traditional methods of nuclear physics.
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Fig. 3. Improved experimental set-up by Stetter and Lintner for the investigation of fast neutrons
in uranium. From: ADMM, FA 002 / Vorl. No. 0243

Nuclear Fragments of Uranium

In a series of experiments, Willibald Jentschke, with varying participation from
Prankl and Lintner, investigated the energies and masses of uranium’s nuclear
fragments with the aid of the double ionization chamber shown in figure 4. Ura-
nium foil is stretched between the two ionization chambers such that, after fission,
one fragment flies into the left-hand chamber and the other into the right-hand
chamber. There, the fragments ionize the filling argon gas, and a very high applied
voltage causes these electrons to release further electrons. These torrents only
occur close to the anodes within a range where the current pulse measured at the
amplifier is proportional to the energy of the collapsed nuclear fragments. The y-
radiation emitted by the Ra+Be neutron source was shielded by a lead jacket. The
neutron source and the entire arrangement were surrounded by a paraffin jacket
so that mainly thermal neutrons hit the uranium foil. A coincidence counter
registered only simultaneous events.”’

The Viennese physicists already had experience with the ionization chamber.
The problem with this experiment consisted of the production of a uranium layer
so thin that deceleration of nuclear fragments in the layer was negligible. The
simplest way to produce such a layer was similar to the production of the dys-
prosium oxide indicators. Metallic powdered uranium was mixed with alcohol,
evaporated, and fixed with Zapon varnish. Thin foils were made from this mixture
and made conductive by cathodic pollination. However, the grains of uranium
powder were too coarse and therefore caused the emerging nuclear fragments to
scatter, making it impossible to measure their energy accurately.

The second method was an electrolytic process. A gold layer with an air
equivalent of 0.2 mm was vapor-deposited onto an acetyl cellulose base. Subse-
quently, uranium from an aqueous uranyl nitrate solution was electrolytically
applied to the gold layer. The acetyl cellulose base was dissolved in several
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Fig. 4. Double ionization chamber for determining the energies and mass of the nuclear
fragments. From: ADMM, FA 002 / Vorl. No. 0044, p. 5

acetone baths and the uranium—gold foil was attached to an aluminum foil with a
round opening 3 cm in diameter. This resulted in thin and homogeneous uranium-
gold foil, which had the disadvantage that some of the nuclear fragments first had
to pass through the gold foil and could thus suffer inelastic scattering. Therefore,
another process was sought.”®
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Fig. 5. Double ionization chamber for determining the range of the nuclear fragments. From:
ADMM, FA 002 / Vorl. No. 0096, p. 4

First, a comparatively thick layer of uranium was electrolytically applied to a
platinum disc. This was then cathodically vapor-deposited onto an acetyl cellulose
base. The finished uranium layer was then reattached to an aluminum foil and the
acetyl cellulose base dissolved in acetone baths. Despite a thickness of only 6 pm
and an air equivalent of only 0.03 mm, the finished uranium layer proved to be
more than stable and could thus be used for the experiment. This made it possible
to determine the masses of the resulting fragments. Fragments of equal weight
hardly ever occurred; the heavy fragments varied between an atomic weight of 127
and 162, with the masses of the light ones between 109 and 174, according to
Jentschke and Prankl.”’

In addition, Jentschke and Lintner determined the range of the nuclear frag-
ments using the arrangement shown in figure 5. A method had to be chosen in
which the ionization of the a-rays of uranium and other random radioactive sub-
stances did not interfere. The nuclear fragments therefore passed through two
ionization chambers separated by a thin foil (F). The double ionization chamber
used had a diameter of about 10 cm. The particles that occurred in each chamber
were registered separately after suitable amplification using mechanical counters.
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A third counter ensured that only nuclear fragments occurring in both chambers
were counted.®

The effective depth of the large ionization chamber could be varied with a
micrometer screw (M). The maximum depth of the large chamber was 26 mm,
6 mm for the small one. Attached to the micrometer screw is the preparation
carrier (P), with a uranium layer with an air equivalent of 1 mm applied by
electrolysis. Each of the two chambers contained net electrodes consisting of brass
rings across which a fine brass wire with a diameter of 0.2 mm was stretched. These
were connected to an amplifier and a counter. The counter of the large chamber
was set so that it only responded to heavy nuclear fragments. The particle counter
in the small chamber was set as sensitively as possible. A third counter ensured
that only those pulses were counted that occurred simultaneously in the large and
small chambers. This ensured that the counted coincidences were only triggered by
heavy particles.”!

The irradiation of the uranium was again carried out with Ra+Be neutron
sources, whose escaping gamma radiation was shielded from the uranium layer
with lead. The complete arrangement was surrounded by paraffin so that the slow
neutrons hit the uranium layer. In total, two substantial series were measured in
over 905 h, once with an argon filling, once with a nitrogen filling of the chamber.
In each series, the sensitivity of the counter of the small chamber was also varied.
The results were then converted to air and compared with each other.®

To carry out the experiment, the preparation carrier was brought close to the
small chamber with the micrometer screw and the coincidences were counted per
unit of time. It was then removed in 0.5 mm steps and the coincidences per time
unit continued to be counted until they finally dropped to zero at about 25 mm.
From this, differential range curves could then be determined as in figure 6.

The Neutron Sources of the Vienna Group

The neutron sources used by the Viennese physicists had been in use before the
Uranverein was founded. They were based on an (a,n) nuclear reaction, mostly
using a Ra+Be neutron source. The disadvantage was that only limited neutron
flux densities with a strongly inhomogeneous energy spectrum could be achieved.
This limited the accuracy of the scattering cross sections determined.

The alternatives were particle accelerators, which could achieve much higher
neutron flux densities. John D. Cockroft and Ernest Walton were the first to
demonstrate an artificial nuclear reaction in an accelerator in June 1932. From
then, things went from strength to strength and the Radiation Laboratory in
Berkeley, under the direction of Ernest O. Lawrence, took a leading role. It is no
surprise that the Austrian physicists wanted a Van de Graaff accelerator for their
work. The reasons this instrument did not come to Vienna are exemplary of the
work in the Uranverein under the Nazi dictatorship. In November 1940, the
Austrian Academy of Sciences approved the purchase of a neutron generator,
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Fig. 6. Derived range distribution of nuclear fragments of uranium in nitrogen. From: ADMM,
FA 002 / Vorl. No. 0096, p. 16

which was ordered in early 1941 with a delivery time of thirty-six months. In June
1942, Austrian scientists were given a higher level of urgency and the delivery time
was reduced to twenty-two months, but delivery problems the German manu-
facturer faced delayed the completion of the generator. When the generator finally
came within reach at the end of 1944, the city of Vienna refused to grant planning
permission for the conversion of the institute’s building in Vienna’s Boltzman-
ngasse. In March 1944, a gymnasium in Krems was chosen as the new location.
Ultimately, Austria’s liberation from fascism ended all dreams of great power, as
well as the desire for a neutron generator.”®> This failure due to constant delays,
delivery problems, and more is characteristic of the entire Uranverein, as Mark
Walker has shown.*

After Liberation

Like Germany, Austria was divided into four occupation zones after the war and
only regained full political sovereignty under the condition of political neutrality
with the signing of the Austrian State Treaty in 1955. Austrian physics in the
postwar period was first addressed in a 2005 essay by Wolfgang Reiter and
Reinhard Schurawitzki.> A somewhat more detailed account can be found in
Silke Fengler’s 2014 book.®® Denazification had personnel consequences, but the
lack of financial and material resources weighed much more heavily on Austrian
research. These shortages prevented research from continuing, although unlike in
Germany, there were no bans on nuclear research from the Allies. Rather, the
Western Allies, especially the American troops, supported Austrian scientists in
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rebuilding the research facilities, for example, in repatriating the radium standards
and instruments that had been moved out to western Austria toward the end of the
war.” Contemporary witnesses, such as the physicist Ferdinand Cap, who worked
as a translator for the Soviet occupation forces in 1945, could not recall any
restrictions in an interview.®®

Karl Lintner, Stetter’s assistant at the Uranverein, also recalled no restrictions
on nuclear research in an interview with the author. Lintner’s habilitation, com-
pleted in 1949, on the interaction of fast neutrons with the heaviest stable nuclei
(mercury, thallium, bismuth, and lead) was methodologically based on research
carried out at the Uranverein. Lintner arranged the elements to be investigated in
spherical shells around a Ra+Be neutron source. Incidentally, this was once again
precisely the Ra+Be neutron source that had been used in the Vienna Uranverein
experiments. The structure was analogous to that in the Uranverein, except that
uranium was no longer used after 1945. Lintner regretted not having a neutron
source available that delivered neutrons with homogeneous energy:

In the present work, the cross sections for neutron processes are now to be
determined for the heaviest stable elements. No energy-homogeneous neutron
source was available as a radiation source, but only a Ra+Be source, whose
energy spectrum we know unfortunately very little about. For work with this
natural source of radiation, however, it is precisely the knowledge of the
effective cross sections, in which reference is made to the entire spectrum, that
is of importance. After all, the neutrons always act in their entirety, so it is
precisely this cross section of action that must be used in every further
calculation.®’

The neutron generator ordered during the war, based on a simple accelerator,
remained the desired object of the Viennese nuclear physicists even after the war
ended, but as the situation stood, physicists had to make do with the resources
available. Delivery of the neutron generator ordered in 1941 after the war was out
of the question. The provisional director of the Radium Institute did make an
effort to secure it.”’ But the request was denied due to legal restrictions imposed
by the Allies in Germany. In addition, parts of the neutron generator had been
confiscated by the Allies. Finally, in May 1948, doctoral student Rudolf Waniek
began work on building a neutron generator, which he completed in 1950.”*

Conclusion—Breaks and Continuities

Two things stand out when looking at Vienna’s work within the Uranverein: the
continuity of the research carried out and the small spatial dimension of the
experiments.

First, let us look at the continuity of the research carried out. This includes the
personnel entrusted with the experiments, the methods and instruments employed,
the materials used, and the publication of the results. The staff of the Radium
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Institute and the University of Vienna’s Physics Institute involved in the work
hardly differ from those of the prewar period. Stefan Meyer and Karl Przibram
were expelled after the annexation due to the racist measures of the Nazis. Wil-
libald Jentschke forged ahead with his academic career and qualified as a professor
within the Uranverein. His work on the energy and range of nuclear fragments was
even published in the Mitteilungen des Instituts fiir Radiumforschung in 1942. The
publication is practically identical to the secret Uranverein report of the same
name from March 1941.72 Only Karl Lintner was a newcomer to the wartime
research group; he completed his dissertation as part of the Uranverein and the
collaboration saved him from deployment to the front. His 1949 habilitation was
based on work he had done with Stetter and Jentschke in the Uranverein. He even
used the same neutron source.

The central instrument the Viennese researchers used was the tube electrom-
eter, with which even individual processes in ionization chambers could be
quantitatively determined. These instruments became firmly established in the
tool box of the Vienna Group in the 1930s. Stetter, along with Josef Sch-
intlmeister, Ewald Schmidt, Gustav Ortner, and Jentschke, had successfully used
them to study nuclear processes during these years. In 1939, for example,
Jentschke and Friedrich Prankl were able to physically demonstrate the products
of uranium fission and later to determine the energy and range of uranium’s
nuclear fragments. Stetter’s experiments to determine the scattering cross sections
of fast neutrons in uranium also reveal nothing fundamentally new. The samples
were arranged concentrically around the Ra+Be neutron source and the products
of the nuclear reactions were counted. The layer arrangements were systematically
varied. Schintlmeister’s procedure for identifying the 1.8 cm a-emitter corresponds
to the standard procedure of a radiochemist of the time. The dimensions of the
experiments did not differ from the work carried out in the prewar period. All
experiments were on a scale that could be carried out without problems in a small
laboratory. Only the envisaged Van de Graaff generator would have significantly
expanded the existing dimensions. It was never delivered.

All dreams of this kind were ended by the liberation. What remains is the
observation that the Viennese physicists did not succeed in acquiring new
resources in the Uranverein: they simply continued to work as before. Neither
money, manpower, nor machines grew significantly or collapsed under the Nazi
dictatorship.”” The positions of displaced colleagues were filled with new
researchers. What remained was a research group whose daily research routine in
the laboratory was no different from that before the Uranverein was founded.

What does this mean in relation to the questions posed at the beginning? Why
did German physicists not build a nuclear weapon during the Nazi dictatorship?
This question proves meaningless in the Viennese context. The historical actors
remained entrenched in the structures of academic laboratory science. Setting
aside the question of a German atomic bomb allows us to understand how physics
was practised under the Nazi dictatorship. What were the results for the Viennese



202 C. Forstner Phys. Perspect.

radium and nuclear researchers? They worked well in Imperial Austria, in the
First Republic, in the corporative state, in the Nazi dictatorship, and later in the
Second Republic. The global economic crisis led to the first cuts in the resources
available to Viennese scientists. The corporative state further aggravated the sit-
uation. The expulsion of colleagues defined as Jewish after the annexation by Nazi
Germany was a massive rupture, but its impact on the group of Viennese nuclear
physicists under study was minor. This group showed persistence in its research
program across the borders of Austria’s political systems that was startling in every
respect. They did not work in spite of, but with each of the political systems. This
finding initially applies only to the Vienna group in the Uranverein. The next step
is to investigate other research sites in the Uranverein. Initial work on this topic
suggests that similar findings are emerging.”*

Acknowledgements

I am grateful to Mark Walker for several comments on this paper and for pointing
me to some archival sources. I thank Dieter Hoffmann and Carola Sachse for
several discussions about the German Uranverein, Moritz Epple for discussions
about resource systems, my colleagues at the Ernst-Haeckel-Haus in Jena,

Germany, and finally Melanie Winkler for her painstaking work editing this paper.
The editors are grateful to Stefan Sienell, archivist at the Austrian Academy of
Sciences, Vienna, for his assistance in helping us complete a missing reference.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and
reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source, provide a link to the Creative Commons
licence, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons licence,
unless indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to
obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/

Vol. 24 (2022) German Uranium Club 203

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive
rights to this article under a publishing agreement with the author(s) or other
rightsholder(s); author self-archiving of the accepted manuscript version of this
article is solely governed by the terms of such publishing agreement and applicable
law.

References

! For example, David Cassidy discussed the controversies between Samuel Goudsmit and Werner
Heisenberg in 1991 and the dispute between Niels Bohr and Heisenberg led to Michael Frayn’s
famous play Copenhagen: David C. Cassidy, Uncertainty: The Life and Science of Werner
Heisenberg (New York: W. H. Freeman, 1991); Michael Frayn, Copenhagen (New York: Anchor
Books, 2000).

2 See the discussion in Rainer Karlsch, Hitlers Bombe: Die Geheime Geschichte Der Deutschen
Kernwaffenversuche (Miinchen: Deutsche Verlags-Anstalt GmbH, 2005).

3 Manfred Popp, “Misinterpreted Documents and Ignored Physical Facts: The History of ‘Hitler’s
Atomic Bomb’ Needs to Be Corrected,” Berichte zur Wissenschaftsgeschichte 39, no. 3 (2016),
265-82; Mark Walker, “Physics, History, and the German Atomic Bomb,” Berichte zur Wis-
senschaftsgeschichte 40, no. 3 (2017), 271-88.

4 Mark Walker, German National Socialism and the Quest for Nuclear Power, 1939-1949 (Cam-
bridge: Cambridge University Press, 1989).

> Archive of the Deutsches Museum Miinchen, G-39, FA-002-461, https://digital.deutsches-
museum.de/item/FA-002-461/, accessed October 11, 2021.

 Thus Manfred Popp arrived at completely wrong results, which he nevertheless promulgated:
Popp, “Misinterpreted Documents” (ref. 3).

7 Stefan Meyer, “Die Vorgeschichte der Griindung und das erste Jahrzehnt des Institutes fiir
Radiumforschung,” in Festschrift des Institutes fiir Radiumforschung anldsslich seines 40jihrigen
Bestandes (1910-1950) (Wien: Springer, 1950), 1

8 Wolfgang L. Reiter, “Stefan Meyer: Pioneer of Radioactivity,” Physics in Perspective 3, no. 1
(2001), 106-27, on 111.

 Maria Rentetzi, Trafficking Materials and Gendered. Research Practices: Radium Research in
Early 20th Century Vienna (New York: Columbia University Press, 2009); “Gender, Politics, and
Radioactivity Research in Interwar Vienna: The Case of the Institute for Radium Research,” Isis
95, no. 3 (2004), 359-93; “Designing (for) a New Scientific Discipline: The Location and Archi-
tecture of the Institut Fiir Radiumforschung in Early Twentieth-Century Vienna,” British Journal
for the History of Science 38, no. 3 (2005), 275-306; Silke Fengler, Kerne, Kooperation und
Konkurrenz. Kernforschung in Osterreich im internationalen Kontext (1900-1950) (Wien: Bohlau,
2014); Silke Fengler and Carola Sachse, Kernforschung in Osterreich. Wandlungen Eines Inter-
disziplindren Forschungsfeldes 1900-1978 (Wien: Bohlau, 2012); Wolfgang L. Reiter, “Stefan
Meyer”; “Osterreichische Wissenschaftsemigration am Beispiel des Instituts fiir Radiumforschung
der osterreichischen Akademie fiir Wissenschaften,” in Vertriebene Vernunft, vol. 2, ed. Friedrich
Stadler (Miinster: Jugend, 2004), 709-29; “Karl Przibram: Radioactivity, Crystals, and Colors,”
Physics in Perspective 21, no. 3 (2019), 193-63; “Das Jahr 1938 und seine Folgen fiir die Natur-
wissenschaften an Osterreichs Universititen,” in Stadler, Vertriebene Vernunft (ref. 11), 664-80;
Wolfgang L. Reiter and Reinhard Schurawitzki, “Uber Briiche Hinweg Kontinuitit. Physik und
Chemie an der Universitdt Wien nach 1945—FEine erste Annédherung,” in Zukunft mit Altlasten:


https://digital.deutsches-museum.de/item/FA-002-461/
https://digital.deutsches-museum.de/item/FA-002-461/

204 C. Forstner Phys. Perspect.

Die Universitit Wien 1945-1955, ed. Margarete Grandner, Gernot Heiss, and Oliver Rathkolb,
236-59 (Wien: StudienVerlag, 2005).

10 Roger Stuewer, The Age of Innocence: Nuclear Physics between the First and Second World
Wars (Oxford: Oxford University Press, 2018).

T Roger Stuewer, “Artificial Disintegration and the Vienna-Cambridge Controversy,” in Obser-
vation, Experiment, and Hypothesis in Modern Physical Science, eds., Peter Achinstein and Owen
Hannaway (Cambridge, MA: MIT Press, 1985), 239-307; Peter L. Galison, “Marietta Blau:
Between Nazis and Nuclei,” Physics Today 50, no. 11 (1997), 42-48; Robert Rosner and Brigitte
Strohmeier, and Marietta Blau, Sterne der Zertriimmerung (Wien: Bohlau, 2003).

12 Leopold Halpern, “Marietta Blau: Discoverer of the Cosmic Ray Stars,” in A Devotion to Their
Science: Pioneer Woman of Radioactivity, ed., Marlene Rayner-Canham, 196-204 (Philadelphia:
Chemical Heritage Foundation, 1997).

13 The German Habilitation, analogous to a second doctorate, was normally a requirement for a
professorial appointment.

14 Gustav Ortner and Georg Stetter, “Die Verwendung von Elektronenrohrenverstarkern zur
Zihlung von Korpuskularstrahlen,” Mitteilungen des Institutes fiir Radiumforschung no. 228,
Sitzungsberichte der Math.-Nat. Klasse Ila der Osterreichischen Akademie der Wissenschaften 137
(1928), 667-703; Ewald Schmidt and Georg Stetter, “Die Anwendung des Rohrenelektrometers
zur Untersuchung von Protonenstrahlen,” Mitteilungen des Instituts fiir Radiumforschung no. 231,
Sitzungsberichte der Math.-Nat. Klasse Ila der Osterreichischen Akademie der Wissenschaften 138
(1929), 271-87; Josef Schintlmeister and Georg Stetter, “Untersuchungen mit dem Dop-
pelrohrenelektrometer iiber die Zertriimmerbarkeit der leichten Element,” Mitteilung des Instituts
fiir Radiumforschung, Sitzungsberichte der Math.-Nat. Klasse Ila der osterreichischen Akademie
der Wissenschaften 143 (1934), 597-617.

!5 Daniela Angetter and Michael Martischnig, Biografien osterreichischer PhysikerInnen. Eine
Auswahl (Wien; Osterreichisches Staatsarchiv, 2005), 139-41.

16 James Chadwick, “Possible Existence of a Neutron,” Nature 129, no. 3252 (1932), 312.

17 Walther Bothe and Herbert Becker, “Kiinstliche Erregung von Kern-y-Strahlen,” Zeitschrift fiir
Physik 66, no. 5-6 (1930), 289-306.

'8 Gerhard Kirsch and Fritz Rieder, “Uber die Neutronenemission des Berylliums,” Sitzungs-
berichte der Math.-Nat. Klasse Ila der osterreichischen Akademie der Wissenschaften 141 (1932),
501-8; Abraham Pais, Inward Bound: Of Matter and Forces in the Physical World (Oxford: Oxford
University Press, 1986), 397-401.

19 Stuewer, Age of Innocence (ref. 10), 148-81.

20 Francesco Guerra, Matteo Leone, and Nadia Robotti, “Enrico Fermi’s Discovery of Neutron-
Induced Artificial Radioactivity: Neutrons and Neutron Sources,” Physics in Perspective 8, no. 3
(2006), 255-81.

2l Ruth Lewin Sime, Lise Meitner: A Life in Physics (Berkeley: University of California Press,
1996), 161-209.

22 Otto Hahn and Fritz StraBmann, “Nachweis der Entstehung aktiver Bariumisotope aus Uran
und Thorium durch Neutronenbestrahlung; Nachweis weiterer aktiver Bruchstiicke bei der
Uranspaltung,” Die Naturwissenschaften 27, no. 6 (1939), 89-95; “Uber den Nachweis und das
Verhalten der bei der Bestrahlung des Urans mittels Neutronen entstehenden Erdalkalimetalle,”
Die Naturwissenschaften 27, no. 1 (1939), 11-15.

2 Lise Meitner and Otto Frisch, “Disintegration of Uranium by Neutrons: A New Type of
Nuclear Reaction,” Nature 143, no. 3615 (1939), 239-40; Otto Frisch, “Physical Evidence for the
Division of Heavy Nuclei under Neutron Bombardment,” Nature 143, suppl. (1939), 276-77; Ruth



Vol. 24 (2022) German Uranium Club 205

Lewine Sime, “The Search for Transuranium Elements and the Discovery of Nuclear Fission,”
Physics in Perspective 2, no. 1 (2000), 48-62.

2 Fengler, Kerne, Kooperation und Konkurrenz (ref. 9), 178-235.

% Mitchell Ash, “Die Universitidt Wien in den politischen Umbriichen des 19. und 20. Jahrhun-
derts,” in Universitit—Politik—Gesellschaft, eds. Mitchell Ash and Josef Ehmer, 97-101
(Gottingen: Vandenhoeck & Ruprecht, 2015).

26 Wolfgang L. Reiter, Aufbruch und Zerstorung: Zur Geschichte der Naturwissenschaften in
Osterreich 1850 bis 1950 (Minster: LIT-Verlag, 2017), 36-37.

%7 Reiter, “Stefan Meyer” and “Karl Przibram” (ref. 9).

28 For more background on the structural and institutional details of the upheavals in Viennese
physics following annexation by Nazi Germany, see the works of Silke Fengler and Wolfgang
Reiter. Fengler, Kerne, Kooperation und Konkurrenz (ref. 9); Wolfgang L. Reiter, “Die
Vertreibung der jiidischen Intelligenz: Verdopplung des Verlustes—1938/1945,” Internationale
Mathematische Nachrichten 187 (2001), 1-20; Aufbruch und Zerstorung (ref. 26) Reiter, “Oster-
reichische Wissenschaftsemigration” (ref. 9).

2 Mark Walker, Die Uranmaschine. Mythos und Wirklichkeit der deutschen Atombombe (Berlin;
Siedler, 1990), 30.

30 Niels Bohr and John Archibald Wheeler, “The Mechanism of Nuclear Fission,” Physical Review
56, no. 5 (1939), 426-50.

31 Herbert Anderson, Enrico Fermi, and Henry B. Hanstein, “Production of Neutrons in Uranium
Bombarded by Neutrons,” Physical Review 55, no. 8 (1939), 797-98.

32 Archive of the Deutsches Museum Miinchen, G-39, https://digital.deutsches-museum.de/item/
FA-002-461/, accessed October 11, 2021, 16.

33 Notably, the physicist Manfred Popp failed to conduct a historical critique of the sources and
came to erroneous conclusions in his analysis, Popp, “Misinterpreted Documents” (ref. 3).;
Walker, “Physics, History” (ref. 3).

3 Alfred O. Nier, Eugene T. Booth, John Dunning, and Aristid von Grosse, “Nuclear Fission of
Separated Uranium Isotopes,” Physical Review 57, no. 6 (1940), 546; Eugene T. Booth, John
Dunning, Aristid von Grosse, and Alfred O. Nier, “Neutron Capture by Uranium (238),” Physical
Review 58, no. 5 (1940), 475-76.

% Einzelfall- und Forderakten der Notgemeinschaft der Deutschen Wissenschaft/Deutsche
Forschungsgemeinschaft im Bundesarchiv Berlin Lichterfelde, R73/14961, R73/14962, R73/14963.

36 Otto Hahn, Applied Radiochemistry (Ithaca, NY: Cornell University Press, 1936).
% Hahn and StraBmann, “Nachweis der Entstehung” (ref. 22).

3 Georg Stetter, “Die Massenbestimmung von Atomtriimmern aus Aluminium, Kohlenstoff, Bor
und Eisen,” Zeitschrift fiir Physik 42, no. 9-10 (1927), 741-58.

3 Ortner and Stetter, “Die Verwendung” (ref. 14); Schmidt and Stetter, “Die Anwendung” (ref.
14); Gustav Ortner and Stetter, Georg, “Uber den elektrischen Nachweis einzelner Korpusku-
larstrahlen,” Zeitschrift fiir Physik 54, no. 7-8 (1929), 449-76.

40 Ortner and Stetter, “Die Verwendung” (ref. 14), 701.
4! Schintlmeister and Stetter, “Untersuchungen” (ref. 14).

42 Rudolf Vierhaus, “Jentschke, Willibald,” in Deutsche Biographische Enzyklopiidie, vol. 5, 338—
39 (Miinchen: De Gruyter Saur, 2006).

43 Frisch, “Physical Evidence” (ref. 23), 276, Willibald Jentschke and Friedrich Prankl, “Unter-
suchung der schweren Kernbruchstiicke beim Zerfall von Neutronenbestrahltem Uran und


https://digital.deutsches-museum.de/item/FA-002-461/
https://digital.deutsches-museum.de/item/FA-002-461/

206 C. Forstner Phys. Perspect.

Thorium,” Die Naturwissenschaften 27, no. 8 (1939), 134-35; Willibald Jentschke and Friedrich
Prankl, “Weitere Untersuchungen iiber den Zerfall des Urans und des Thoriums unter Neutro-
nenbestrahlung,” Mitteilungen des Instituts fiir Radiumforschung no. 431, Sitzungsberichte der
Math.-Nat. Klasse Ila der osterreichischen Akademie der Wissenschaften 148 (1939), 237-50.

4 Christian Forstner, “Berta Karlik and Traude Bernert: The Natural Occurring Astatine Iso-
topes 215, 216, and 218,” in Women in Their Element: Selected Women’s Contributions to the
Periodic System, eds. Annette Lykknes and Brigitte van Tiggelen, 350-57 (Singapore: World
Scientific, 2019); Fengler, Kerne, Kooperation und Konkurrenz (ref. 9).

4 Edwin McMillian and Philip Abelson, “Radioactive Element 93,” Physical Review 57, no. 12
(1940), 1185-86; Kurt Starke, “Anreicherung des kiinstlich radioaktiven Uran-Isotope 239 U92
und seines Folgeproduktes 239 93 (Element 93),” (May 20, 1941) ADMM FAO002 / Vorl. Nr. 555.

46 Glenn T. Seaborg, Arthur C. Wahl, and Joseph W. Kennedy, “Radioactive Element 94 from
Deuterons on Uranium,” Physical Review 69, no. 7-8 (1946), 367

47 Josef Schintlmeister, Die Aussichten fiir eine Energieerzeugung durch Kernspaltung des 1,8 cm
Alphastrahlers, February 26, 1942, ADMM, FA 002 / Vorl. Nr. 0607., 11

8 Josef Schintlmeister and Friedrich Hernegger, Uber ein bisher unbekanntes, alphastrahlendes
chemisches Element, June 1940, ADMM FA 002 / Vorl. Nr. 0055; Josef Schintlmeister and
Friedrich Hernegger, Weitere chemische Untersuchungen an dem Element mit Alphastrahlen von
1,8 cm Reichweite (II. Bericht), May 1941, ADMM, FA 002/ Vorl. Nr. 0108; Josef Schintlmeister,
Die Stellung des Elements mit Alphastrahlen von 1,8 cm Reichweite im periodischen System (III.
Bericht) 20 May 1941, ADMM, FA 002 / Vorl. Nr. 0107.

4 The conference program can be found in the Irving Microfilm Collection in the Archives of the
Deutsches Museum Miinchen, DJ29-998.

30 Josef Schintlmeister, Die Aussichten fiir eine Energieerzeugung durch Kernspaltung des 1,8 cm
Alphastrahlers, 26. Februar 1942, ADMM, FA 002 / Vorl. Nr. 0607.

! Friedrich Prankl, Absorption und Vermehrung schneller Neutronen, [1945], ADMM, FA 002 /
Vorl. Nr. 0702.

32 Georg Stetter and Karl Lintner, Schnelle Neutronen in Uran (I): Der Zuwachs durch den

Spaltprozef3 und der Abfall durch unelastische Streuung, Januar 1942, ADMM, FA 002 / Vorl. Nr.
0240, Paginierung fehlt.

33 Stetter and Lintner, Schnelle Neutronen (ref. 52).

3 Georg Stetter and Karl Lintner, Schnelle Neutronen in Uran (IL.): Genaue Bestimmung des
unelastischen Streuquerschnittes und der Neutronenzahl bei ,schneller” Spaltung, ADMM, FA
002 / Vorl. Nr. 0243.

3 Stetter and Lintner, Schnelle Neutronen IT (ref. 54).

3 Georg Stetter and Karl Lintner, Schnelle Neutronen in Uran (IIL.): Streuversuche, September
1942, ADMM, FA 002 / Vorl. Nr. 0243; Georg Stetter and Karl Kaindl, Schnelle Neutronen in
Uran (VI): Der (n,2n)-Prozess in Blei und die Deutung der Vermehrung schneller Neutronen in
Uran, ADMM, FA 002 / Vorl. Nr. 0743

57 Willibald Jentschke and Friedrich Prankl, Energien und Massen der Urankernbruchstiicke,
August 1940, ADMM, FA 002 / Vorl. Nr. 0044.

8 Jentschke and Prankl, Energien und Massen (ref. 57).

3 1 assume that the mass of 174 given for the lighter core fragment is a typographical error. From

the fission of a uranium core with a mass of 232-39, the lighter core fragment cannot have a mass
of 174.



Vol. 24 (2022) German Uranium Club 207

0 Willibald Jentschke and Karl Lintner, Uber die Reichweitenverteilung der schweren Kern-
bruchstiicke aus Uran bei Bestrahlung mit langsamen Neutronen, March 1941, ADMM, FA 002 /
Vorl. Nr. 0096.

61 Jentschke and Lintner, Uber die Reichweitenverteilung (ref. 60)
%2 Jentschke and Lintner, Uber die Reichweitenverteilung (ref. 60)

%3 Correspondence between Gustav Ortner, the German Helmholtz-Gesellschaft, the company
C.H.F. Miiller AG and the Reichsamt fiir Wirtschaftsaufbau (1940-1945), AOAW, FE-Akten,
Radiumforschung, XIII, K 32, Fiche 444-447.

% Walker, German National Socialism (ref. 4).
95 Reiter and Schurawitzki, “Physik und Chemie nach 1945 (ref. 9).
% Fengler, Kerne, Kooperation und Konkurrenz (ref. 9).

7 Adrienne Janisch, Wie das Radium nach Wien zuriickkam. Ein 10-Tonnen-Lastkraftwagen war
zum Transport von zwei Gramm nétig, Radio Wien, 18. May 1946, AOAW, FE-Akten, Radi-
umforschung, NL Karlik, K 55, Fiche 812.

%8 Ferdinand Cap, interview with Christian Forstner, Innsbruck, Austria, August 3, 2007.

% Karl Lintner, Wechselwirkung schneller Neutronen mit den schwersten stabilen Kernen (Hg, T,
Bi Und Pb) (Habilitation, Universitdt Wien, 1949), 3-4

7% Hans Suess, letter to Berta Karlik, April 20, 1947; C. H. F. Miiller Aktiengesellschaft, letter to
Berta Karlik, June 8 1949, AOAW, FE-Akten, Radiumforschung, XI. Behordenschriftwechsel
1938-1944, K 32, Fiche 448.

" Rudolf Waniek, Uber den Bau eines Neutronengenerators und der Anwendung einer Hochfre-
quenz-lonenquelle (PhD dissertation, Universitdt Wien, 1950).

72 Jentschke and Lintner, Uber die Reichweitenverteilung (ref. 60); Willibald Jentschke and Karl
Lintner, “Uber die Reichweitenverteilung der schweren Kernbruchstiicke aus Uran bei Bes-
trahlung mit langsamen Neutronen,” Mitteilungen des Instituts fiir Radiumforschung, no. 448, in
Sitzungsberichte der Math.-Nat. Klasse Ila der osterreichischen Akademie der Wissenschaften 151
(1942), 323-34.

73 James H. Capshew and Karen A. Rader, “Big Science: Price to the Present,” Osiris 7 (1992), 3—
25.
74 Christian Forstner, Kernphysik, Forschungsreaktoren und Atomenergie: Transnationale Wis-

sensstrome und das Scheitern einer Innovation in Osterreich (Wiesbaden: Springer Spektrum,
2019).

Friedrich Schiller University Jena
Jena, Germany
e-mail: physicsinperspective@gmail.com

Accepted: 6 December 2002



	Laboratory Life Instead of Nuclear Weapons: A New Perspective on the German Uranium Club
	Abstract
	Introduction
	Vienna in the Context of International Radium Research and Nuclear Physics
	The Beginnings of the Uranium Club
	Werner Heisenberg’s Programmatic Expert Report
	Everyday Research in the Vienna Group of the Uranverein
	The Identification of Plutonium
	Scattering Experiments with Neutrons
	Nuclear Fragments of Uranium
	The Neutron Sources of the Vienna Group
	After Liberation
	Conclusion---Breaks and Continuities
	Acknowledgements
	Funding
	References




