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Figure D.124: Production and testing of uranium hexafluoride in 1940 [G-33].
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Figure D.125: Production and testing of uranium hexafluoride in 1940 [G-28].
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Figure D.126: Production and testing of uranium hexafluoride in 1940 [G-28].
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Figure D.127: Production and testing of uranium hexafluoride in 1940 [G-28].
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Figure D.128: Production and testing of uranium hexafluoride in 1940 [G-28].
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Figure D.129: Production and testing of uranium hexafluoride in 1942 [G-157].
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Figure D.130: Production and testing of uranium hexafluoride in 1942 [G-157].
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Robert E. Work. 18 September 1945. Preliminary Interrogation Report. Prof. Dr.
Ulrich Ho!mann. [AFHRA folder 506.619C 18–26 Sep 1945, IRIS 207503; AFHRA
folder 506.619B 1 Jan 1945–1 Jan 1947, IRIS 207490; AFHRA A5183 frames 0346,
0609]

e. Education: PhD in chemistry from University of Berlin in 1926. Instructor at University of Berlin
until 1936. Called to University of Rostock in 1936 where he became full professor in 1937. In April
1942 he was called to University of Vienna as Director of the Institute for Inorganic and Analytic
Chemistry. [...]

3. GENERAL INFORMATION: Dr. Ho!mann’s research in the field of air interest was only in the
development of the atomic bomb. Claims to have improved method of obtaining FLUOR [fluorine],
which is necessary to obtain UF6 [uranium hexafluoride], one of the basic ingredients of the atomic
bomb.

[See document photos on p. 3509.

Why was the Luftwa!e funding Dr. Ulrich Ho!mann in Austria to improve the production of
uranium hexafluoride to create atomic bombs?

Where are the reports on Ho!mann’s interrogations, wartime work, and postwar work?]
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Figure D.131: Why was the Luftwa!e funding Dr. Ulrich Ho!mann in Austria to conduct “research...
in the development of the atomic bomb...” to develop “improved method of obtaining FLUOR
[fluorine], which is necessary to obtain UF6 [uranium hexafluoride], one of the basic ingredients
of the atomic bomb”? Where are the reports on Ho!mann’s interrogations, wartime work, and
postwar work? [AFHRA folder 506.619C 18–26 Sep 1945, IRIS 207503; AFHRA folder 506.619B 1
Jan 1945–1 Jan 1947, IRIS 207490; AFHRA A5183 frames 0346, 0609]
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Figure D.132: Possible production of uranium hexafluoride in an underground facility at I.G. Farben
Bitterfeld. PW Intelligence Bulletin No 1/34, 5 February 1945 [AFHRA folder 506.61951 Nos. 1/19–
1/35 26 Dec 1944–7 Feb 1945, IRIS 207524; AFHRA A5185 frames 474–476; also NARA RG 165,
Entry NM84-79, Box 1915]. Bitterfeld produced several other potentially nuclear-related materials
including heavy water (p. 4086), graphite (p. 4148), aluminum (p. 4166), and calcium (pp. 4171,
4174).
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Figure D.133: Possible production of uranium hexafluoride in an underground facility at I.G. Farben
Bitterfeld. PW Intelligence Bulletin No 1/34, 5 February 1945 [AFHRA folder 506.61951 Nos. 1/19–
1/35 26 Dec 1944–7 Feb 1945, IRIS 207524; AFHRA A5185 frames 474–476; also NARA RG 165,
Entry NM84-79, Box 1915]. Bitterfeld produced several other potentially nuclear-related materials
including heavy water (p. 4086), graphite (p. 4148), aluminum (p. 4166), and calcium (pp. 4171,
4174).
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D.4.2 Uranium-235 Enrichment via Centrifugation

[Antonin Prandtl (German, 1842–1909) invented centrifuges for separating liquid mixtures in 1864.
He, Alexander Prandtl, (German, 1840–1896 and Wilhelm Lefeldt (German, 1836–1913) developed
improved liquid centrifuges during the 1870s (pp. 2406–2411).

Georg Bredig (German, 1868–1944, p. 724) invented centrifuges for separated gaseous mixtures
no later than 1895. He and Fritz Haber (German, 1868–1934, p. 614) continued to develop gas
centrifuges into the early 1900s.]

Georg Bredig. 1895. Ueber den Einfluss der Zentrifugalkraft auf chemische Systeme.
Zeitschrift für Physikalische Chemie A 17:459. See photo of first page on p. 3513.
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Figure D.134: Georg Bredig. 1895. Ueber den Einfluss der Zentrifugalkraft auf chemische Systeme.
Zeitschrift für Physikalische Chemie A 17:459. First page is shown.
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Georg Bredig and Fritz Haber. 1904. Prinzipien der Gasscheidung durch Zentrifu-
galkraft. Zeitschrift für Angewandte Chemie 17:452. See photo of first page on p.
3515.

[By the 1930s and early 1940s, gas centrifuges were being produced, improved, and tested by several
groups in the German-speaking world. They were demonstrated with various gaseous mixtures for
unclassified publications, but they were most seriously pursued for more secretive work on uranium
isotope separation.]
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Figure D.135: Georg Bredig and Fritz Haber. 1904. Prinzipien der Gasscheidung durch Zentrifu-
galkraft. Zeitschrift für Angewandte Chemie 17:452. First page is shown.
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[A research group at Linde Eismaschinen that was led by Helmuth Hausen (German, 1895–1987)
and based in the Munich suburb of Höllriegelskreuth presented new work on gas centrifuges at a
VDI (Verein Deutscher Ingenieure) German engineering conference in May 1938, which suggests
that group began working on gas centrifuges sometime earlier in the 1930s. Although that group
expressed concern about limitations on the performance of gas centrifuges in their 1939 journal arti-
cle (p. 3518), they quickly found solutions to those problems and their work had greatly progressed
by their 1942 journal article (p. 3519).]

Helmuth Hausen and R. Schlatterer. 1939. Aussichten der Zerlegung von Gasgemis-
chen durch Zentrifugieren. Z. VDI Beiheft Verfahrenstechnik 1939:1:15–21. See p.
3518.

Aussichten der Zerlegung von Gasgemischen
durch Zentrifugieren→)

→) Auszugsweise vorgetragen von H. Hausen auf
der Tagung des Deutschen Kältevereins im VDI
in Frankfurt a. M. am 30. Mai 1938.

Auf Grund einer genauen Theorie werden die
Aussichten der Gaszerlegung in einer Zentrifuge
untersucht. Die erhaltenen Di!erentialgle-
ichungen werden durch ein Stufenverfahren
gelöst. Nach der Rechnung ist nur in besonders
günstigen Fällen und bei sehr kleinen Mengen
eine befriedigende Zerlegung zu erwarten. [...]

Schon im Jahre 1895 hat Bredig3) Wasser-
sto! und Jodwassersto! durch Zentrifugieren zu
trennen versucht und hierbei in einer Zentrifuge
von etwa 42 cm Dmr. bei 2300 U/min nach
drei Stunden eine Entmischung um etwa 2,8%
beobachtet. Im Jahre 1904 haben Bredig und
Haber4) die damals erreichbar scheinende Zer-
legungswirkung durch Zentrifugieren theoretisch
untersucht und dabei auch den erforderlichen
Zeitaufwand abgeschätzt.

3) G. Bredig, Z. physik. Chem. A Bd. 17
(1895) S. 459.

4) G. Bredig u. F. Haber, Z. angew. Chem.
Bd. 17 (1904) S. 452.

[...]

Prospects for the separation of gas mixtures
by centrifugation→)

→) Excerpt presented by H. Hausen at the
conference of the VDI German Refrigeration
Association in Frankfurt a. M. on 30 May 1938.

The prospects of gas separation in a cen-
trifuge are investigated on the basis of a
precise theory. The di!erential equations
obtained are solved using a step-by-step
method. According to the calculation, a
satisfactory separation can only be expected
in particularly favorable cases and with very
small quantities. [...]

As early as 1895, Bredig3) tried to sep-
arate hydrogen and hydrogen iodide by
centrifugation and observed a separation of
about 2.8% after three hours in a centrifuge of
about 42 cm diameter at 2300 rpm. In 1904,
Bredig and Haber4) theoretically investigated
the seemingly achievable separation e!ect by
centrifugation and also estimated the time
required.

3) G. Bredig, Z. physik. Chem. A vol. 17
(1895) p. 459.

4) G. Bredig and F. Haber, Z. angew.
Chem. vol. 17 (1904) p. 452.

[...]



D.4. ENRICHMENT OF URANIUM-235 3517

Ergebnis

Die entwickelte Theorie bestätigt im wesentlichen
die Richtigkeit der Berechnungen von Bredig und
Haber4), wonach sich in einer Zentrifuge im allge-
meinen nur mäßige Anreicherungen erzielen lassen,
stets aber nur sehr geringe Gasmengen in der
Zeiteinheit zerlegt werden können. Nur in Fällen,
wie bei CO2-H2- oder Benzol-Luft-Gemischen,
in denen der Molekulargewichtsunterschied der
Bestandteile groß ist, kann man eine weiterge-
hende Zerlegung erwarten. Bei der höchsten heute
erreichten Umfangsgeschwindigkeit von fast 600
m/s läßt sich z. B. Benzol in Luft auf etwa 16% an-
reichern, wenn der Anfangsgehalt 1% beträgt. Bei
weiterer Steigerung der Umfangsgeschwindigkeit
würde sich dieser Wert sehr rasch erhöhen, so
daß man oberhalb 1000 m/s praktisch reines
Benzol gewinnen könnte. Hingegen erscheint
selbst bei dieser hohen Umfangsgeschwindigkeit
eine Zerlegung von O2-N2-Gemischen als praktisch
aussichtslos.

Die Hauptschwierigkeit besteht aber darin,
daß sich in einer Zentrifuge nur sehr geringe
Mengen verarbeiten lassen. Nach der entwickelten
Theorie kann durch eine Zentrifuge von 1 m axialer
Länge stündliche nur etwa 1 m3 des Gemisches
hindurchströmen, wenn nicht die Anreicherung
erheblich zurückgehen soll.

Die Wirkung der Zentrifuge steht somit selbst
bei der höchsten heute möglichen Umfangs-
geschwindigkeit weit hinter der Leistung der bei
tiefen Temperaturen arbeitenden Rektifikation-
seinrichtungen zurück, die nicht nur Gemische
mit geringem Molekulargewichtsunterschied der
Bestandteile, wie die Luft, bis zu höchster Rein-
heit zerlegen, sondern auch stündlich Hunderte
oder Tausende von Kubikmetern verarbeiten
können. Von Sonderfällen abgesehen, ist daher
nicht zu erwarten, daß die Zentrifuge sich in der
Gaszerlegung ein irgendwie bedeutsames Feld
erobern wird.

Result

The theory developed essentially confirms the
correctness of the calculations of Bredig and
Haber4), according to which only moderate
enrichments can generally be achieved in a
centrifuge, but only very small quantities
of gas can always be separated in the time
unit. Only in cases such as CO2-H2 or
benzene-air mixtures, in which the molecular
weight di!erence of the components is large,
can further separation be expected. At the
highest peripheral speed of almost 600 m/s
achieved today, benzene in air, for example,
can be enriched to around 16% if the initial
content is 1%. If the circumferential speed is
increased further, this value would increase
very quickly, so that above 1000 m/s prac-
tically pure benzene could be obtained. On
the other hand, even at this high peripheral
speed, the separation of O2-N2 mixtures
appears to be practically hopeless.

The main di”culty, however, is that only
very small quantities can be processed in
a centrifuge. According to the theory de-
veloped, only about 1 m3 per hour of the
mixture can flow through a centrifuge with
an axial length of 1 m if the enrichment is
not to be considerably reduced.

Even at the highest peripheral speed
possible today, the e!ect of the centrifuge
is therefore far behind the performance of
rectification equipment operating at low
temperatures, which can not only break
down mixtures with a small di!erence in
molecular weight of the components, such as
air, to the highest purity, but can also process
hundreds or thousands of cubic meters per
hour. Apart from special cases, it is therefore
unlikely that the centrifuge will conquer any
significant field in gas separation.
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Figure D.136: Helmuth Hausen and R. Schlatterer. 1939. Aussichten der Zerlegung von Gasgemis-
chen durch Zentrifugieren. Z. VDI Beiheft Verfahrenstechnik 1939:1:15–21. Excerpts from the be-
ginning and end of the paper.
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Figure D.137: Helmuth Hausen. 1942. Zerlegung von Gasgemischen in einer Zentrifuge mit Gegen-
stromwirkung. Z. VDI Beiheft Verfahrenstechnik 1942:4:93–102. First page is shown.



3520 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Helmuth Hausen. 1942. Zerlegung von Gasgemischen in einer Zentrifuge mit Gegen-
stromwirkung. Z. VDI Beiheft Verfahrenstechnik 1942:4:93–102. See p. 3519.

Zerlegung von Gasgemischen in einer Zentrifuge
mit Gegenstromwirkung

In einer Zentrifuge mit Gegenstromwirkung
läßt sich grundsätzlich ein Gasgemisch beliebig
weitgehend zerlegen. Die Vorgänge des Sto!aus-
tausches in derartigen Zentrifugen lassen sich
rechnerisch erfassen. Danach zerlegt eine Gegen-
stromzentrifuge von 2,5 m Höhe im günstigsten
Falle eine sehr geringe Luftmenge in 99,7% igen
Sauersto! und 99,7% igen Sticksto!. Schon bei 1 l
stündlich zerlegter Luftmenge geht die Reinheit auf
98% zurück. Der äußerst geringen Mengenleistung
wegen ist demnach die Gegenstromzentrifuge der
Gaszerlegung durch Rektifikation weit unterlegen.
Nach Überwindung der technischen Schwierigkeiten
wird sie voraussichtlich für die Isotopentrennung
und für Laboratoriumszwecke Bedeutung gewinnen.

In einer früheren Arbeit1) haben R. Schlatterer
und der Verfasser gezeigt, daß Gasgemische sich in
einer einfachen Zentrifuge nur sehr unvollkommen
zerlegen lassen. Die überraschenden Erfolge, die
Clusius2) beim Thermodi!usionsverfahren durch
Verbindung mit dem Gegenstromprinzip erzielt
hat, brachten mich jedoch gegen Ende des Jahres
1938 auf den Gedanken, daß sich auch in einer
Zentrifuge die Reinheit der Zerlegungsprodukte
beliebig steigern lassen müsse, wenn man die Gegen-
stromwirkung zu Hilfe nimmt3). Die Richtigkeit
dieses Gedankens konnte ich durch noch nicht
verö!entlichte theoretische Überlegungen und
Berechnungen bestätigen.

Separation of gas mixtures in a centrifuge
with countercurrent action

In principle, a gas mixture can be sepa-
rated to any extent in a countercurrent
centrifuge. The processes of mass transfer in
such centrifuges can be calculated. According
to this, a countercurrent centrifuge with a
height of 2.5 m separates a very small amount
of air into 99.7% oxygen and 99.7% nitrogen
in the best case. The purity drops to 98%
with just 1 liter of air separated per hour.
The countercurrent centrifuge is therefore
far inferior to gas separation by rectification
due to its extremely low output. Once the
technical di”culties have been overcome, it
will probably gain importance for isotope
separation and for laboratory purposes.

In an earlier work1) R. Schlatterer and
the author showed that gas mixtures can
only be very imperfectly separated in a
simple centrifuge. However, the surprising
successes achieved by Clusius2) in the ther-
modi!usion process in combination with the
countercurrent principle gave me the idea
towards the end of 1938 that the purity of the
separation products in a centrifuge should
also be able to be increased at will if the
countercurrent e!ect is used3). I was able to
confirm the correctness of this idea through
theoretical considerations and calculations
that had not yet been published.
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Unabhängig hiervon haben neuerdings Martin und
Kuhn4) eine Theorie der Zentrifugierung von Gas-
gemischen unter Gegenstromwirkung verö!entlicht.
Die Grundgedanken dieser Theorie sind großen-
teils ähnlich wie die meiner genannten früheren
Berechnungen. In der Art der Durchführung,
in der Wahl der als zulässig angesehenen Ver-
nachlässigungen und in den Endgleichungen
bestehen jedoch wesentliche Unterschiede. Überdies
geht mein Berechnungsverfahren dadurch über
die Überlegungen von Martin und Kuhn hinaus,
daß es durchweg für beliebige Konzentrationen
des Ausgangsgemisches gilt und die verschiedenen
Geschwindigkeiten der in der Zentrifuge auf- und
absteigenden Gasströme berücksichtigt. Hierdurch
läßt sich auch eingehender zeigen, wie die erziel-
baren Reinheiten der Enderzeugnisse von der
stündlich zerlegten Menge abhängen. Die Grundla-
gen und Ergebnisse meiner Berechnungen werden
im folgenden erörtert.

1) H. Hausen u. R. Schlatterer: Aussichten der
Zerlegung von Gasgemischen durch Zentrifugieren.
Z. VDI Beih. Verfahrenstechn. (1939) S. 15/21.

2) K. Clusius u. G. Dickel: [...]

3) Dtsch. Patentanm. [S. 3523–3525...]. Mar-
tin u. Kuhn [S. 3539–3542...]. Beide Anmeldungen
sind unabhängig voneinander und ohne gegenseitige
Kenntnis eingereicht worden.

4) H. Martin u. W. Kuhn: Multiplikationsverfahren
zur Trennung von Gasgemischen, insbesondere bei
Anwendung von Schwerefeldern. Z. phys. Chemie
A Bd. 189 (1941) S. 219/316.

Independently of this, Martin and Kuhn4)
have recently published a theory of the
centrifugation of gas mixtures under counter-
current action. The basic ideas of this theory
are largely similar to those of my earlier
calculations. However, there are significant
di!erences in the way the calculations are
carried out, in the choice of neglect consid-
ered permissible and in the final equations. In
addition, my calculation method goes beyond
the considerations of Martin and Kuhn in
that it is valid for any concentration of the
initial mixture and takes into account the
di!erent velocities of the gas flows ascending
and descending in the centrifuge. This also
makes it possible to show in more detail how
the achievable purities of the end products
depend on the quantity separated per hour.
The principles and results of my calculations
are discussed below.

1) H. Hausen and R. Schlatterer: Aus-
sichten der Zerlegung von Gasgemischen
durch Zentrifugieren. Z. VDI Beih. Ver-
fahrenstechn. (1939) pp. 15–21.

2) K. Clusius and G. Dickel: [...]

3) German patent application [pp. 3523–
3525...]. Martin u. Kuhn [pp. 3539–3542...].
Both applications were filed independently of
each other and without mutual knowledge.

4) H. Martin and W. Kuhn: Multiplika-
tionsverfahren zur Trennung von Gasgemis-
chen, insbesondere bei Anwendung von
Schwerefeldern. Z. phys. Chemie A vol. 189
(1941) pp. 219–316.
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Figure D.138: Leslie Groves’s o”ce at the U.S. Manhattan Project followed the German work on
gas centrifuges [NARA RG 77, Entry UD-22A, Box 170, Folder 32.60-1 GERMANY: Summary
Reports (1944)].
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Figure D.139: One of Linde Eismaschinen’s patents on gas centrifuges, filed by Helmuth Hausen
in 1939 [German Patent DE 833,487]. Note the use of countercurrent flow inside the centrifuge to
improve the separation e”ciency.
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Figure D.140: One of Linde Eismaschinen’s patents on gas centrifuges, filed by Helmuth Hausen
in 1939 [German Patent DE 833,487]. Note the use of countercurrent flow inside the centrifuge to
improve the separation e”ciency.
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Figure D.141: Another Linde Eismaschinen patent on gas centrifuges, filed by Helmuth Hausen and
Klaus Clusius in 1940 [German Patent DE 872,936]. Note the use of countercurrent flow inside the
centrifuge to improve the separation e”ciency.
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[There was a large program spread out among several collaborating groups in the Hamburg-Kiel
area to design, build, and operate a series of increasingly sophisticated gas centrifuges for uranium
enrichment. That work was conducted by physicists and engineers such as Konrad Beyerle (at An-
schütz, a gyroscope company in Kiel that already had decades of experience making high-precision
rapidly rotating machinery), K. H. Eldau, Wilhelm Groth, Paul Harteck, Johannes Hans Jensen
(who later won a Nobel Prize for the nuclear shell model), Werner Kuhn, Detlof Lyons (who also
worked for the Reichspost), Hans Martin, Hans Suess, Albert Suhr, and others.

The U.S. Alsos Mission captured several reports written by this Hamburg-Kiel centrifuge program.
Note that these reports do not cover the work of other German centrifuge programs and do not
even cover all the work of the Hamburg-Kiel program. The extant reports tend to be from the
earlier days of the Hamburg-Kiel program, and to focus on fundamental centrifuge design issues,
not mass production or operational use of centrifuges. Unless otherwise indicated, text for G-series
captured German nuclear reports cited here consists of the English-language abstracts prepared by
U.S. scientists who studied the German reports.]

G-82. Wilhelm Groth. Status of Work on Building an Ultracentrifuge. 1941.

Rotor is 40 cm long and 14.5 cm diameter and operates at 50,000 rpm. On the basis of calculations,
with a separation factor of 7.4%, the centrifuge would deliver more than 2 kg of hexafluoride which
would be enriched more than 7%. Construction of ultracentrifuge still (Dec. 14, 1941) in progress.

G-83. Wilhelm Groth and Hans Suess. Status of Work on Isotope Separation of Prepa-
ration 38 (U3O8) at the Institute of Physical Chemistry, University of Hamburg. Sep-
aration Column Experiment and Construction of Ultracentrifuge. Analysis of Tests.
1941.

Preparation of UF6. Corrosion tests showed nickel as only practical construction material, but in
separation column the continuous removal of hexafluoride layer from the metal prevented operation
of unit at 360oC (temperature of boiling Hg). 3.7 m separation column was built of nickel. Inner
(hot) tube outer diameter was 18 mm, 2 mm wall thickness; outer (cold) tube was 28 mm outside
diameter. Separation between two tubes was therefore 3 mm. Separators were provided to reduce
convection disturbances. Later a 5.7 m column was built. Tests with xenon and with methane to
enrich isotope C13 were successful but no success in enriching U235 (separation e!ect less than 1%).

Ultracentrifuge is being built. Rotor to be 400 mm long and 115 mm diameter and to run in a
vacuum chamber 625 mm long and 150 mm diameter, air or electric motor drive to be used. Speed
up to 120,000 rpm. Lubricant developed consisted of a paste made from apiezon grease and sodium
fluoride.

Methods used to check U isotopes separation are outlined.
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G-95. Johannes Hans Jensen. The Ultracentrifuge Method for Separating Uranium
Isotopes. 1941.

Since the thermal di!usion constants of UF6 are so very small it was decided to investigate the
ultracentrifuge methods of separating the isotopes. On the basis of a theoretical analysis, a 2 meter
high centrifuge can enrich to double the value 1.5 → 10↑2 grams of hexafluoride per day. This
centrifuge is to operate with a laminar countercurrent—“a circulation centrifuge.”

Suggest centrifuge divided vertically into chambers to prevent back di!usion. A 12 chamber cen-
trifuge would increase the yield 1.44 times the circulation centrifuge but would require a mechanism
so complicated as to be impractical.

Theoretical calculations are given for a centrifuge where the centrifugal forces are so great that the
pressure differential between inner and outer wall is very large.

G-107. Hans Martin and K. H. Eldau. Appendix to Report of 15 July 1941 on the
Construction of an Ultracentrifuge to Separate Isotopes. The Stability of Some Metals
to UF6 Vapor at Room Temperature and at 50oC. 1941.

Corrosion tests of UF6 on various metals and alloys. Description of special apparatus to avoid
contamination. Tests run at 20 and 50oC and at 16 and 55 mm Hg of UF6 with exposure time
varying from 20 to 80 hours. Weight increase of some sample metals in mg/cm2. Copper = 0.036;
lead = 0.25; dural = 0.03; V2A steel = 0.05. Results for other metals tabulated.

G-145. Wilhelm Groth. Report on Conference with Professor Svedberg and Dr. Ped-
ersen of the Institute of Physical Chemistry at the University of Upsala (Sweden).
1942.

Notes on discussions regarding ultracentrifuges, a series of which were planned for Germany.

1. Description of foundations used at Upsala to avoid transmission of shock and reduce bearing
loads.

2. Oil and water piping arrangement. Prefer individual piping to each centrifuge in order not to
disturb whole series of centrifuges whenever one unit has to be shut down. Position of pumps etc.
Use of hydrogen to keep out air and keep uniform temperature.

3. Use of packings. Bearing tolerances (held to .015 mm).

4. Balancing machines developed in Sweden which easily measure rotor unbalance of 0.5 mg cm.
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G-146. Wilhelm Groth. Separation of Uranium Isotopes by the Ultracentrifuge. I.
Enrichment of the Xenon Isotope in a Single Stage Ultracentrifuge. 1942.

Detailed description of Beams type centrifuge with a rotor 200 mm long and 128 mm outer di-
ameter (58 mm inner diameter) operating in a 10↑3 mm Hg vacuum. Description how impurities
were removed from Xe before centrifuging. Centrifuge operated at 50,000 rpm and with Xe at an
average atomic weight of 131.13 the pressure relationship between axis and periphery of rotor was
10.4:1. Separation of Xe isotopes successful. Data presented in tables of sample separations compare
favorably with theoretical values. Enrichment obtained was 0.056–0.093. Photographs of centrifuge
are included.

G-147. Wilhelm Groth. Separation of the Uranium Isotopes by the Separation Tube
and the Ultracentrifuge. 1942.

Attempts to separate U isotopes in separating columns 3.70 meters and 5.70 meters were unsuccess-
ful. Isotope enrichment was less than 1% whereas 8 and 14% enrichments were expected. Columns
were built of Ni with the inner tube heated to between 100 and 360oC and the outer tube kept
between 12 and 65oC. This small separation e!ect was ascribed to a very small thermodi!usion
coe”cient. Since experiments seem to prove U isotope separation was not possible with separation
column, it was decided to try the ultracentrifuge. Ultracentrifuge on Beams principle was built with
a rotor 115 mm inner diameter and 400 mm long. Electric drive used with speeds up to 100,000
rpm. Lubricant was paste of apiezo grease and sodium fluoride. Theoretical separation factors of
the ultracentrifuge were determined. With ideal conditions should be able to deliver 2 kg UF6 with
the U235 enriched 7%.

G-148. Wilhelm Groth and Hans Suess. Status of Work on Separation of Isotopes of
Preparation 38. 1942.

General summary of work done to date (Oct. 1942). Method of preparing UF6. Corrosion tests
with UF6. Use of Ni with temperature limits at 360oC in separating columns. (See G-32 and G-83.)
Experiments with 3.70 m separating column (18 mm diameter of inner tube, 28 mm diameter outer
tube), 3 mm separation with separators to overcome convection (See G-83). Experiments with 5.70
mm separating columns. Separation of U isotopes very small, although tests with Xe and methane
(to enrich C13) were successful. This explained by small thermodi!usion coe”cient of U. Proposed
solution is higher temperature operation of column, but corrosiveness of UF6 prevents this. Use of
ultracentrifuge (See G-147). Proof of separation of U isotopes by measurement of alpha activity
with correction for U234.
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G-149. Wilhelm Groth and Albert Suhr. Separation of Uranium Isotopes by the Ul-
tracentrifuge. II. Enrichment of Uranium Isotopes U234 and U235 in a Single Stage
Ultracentrifuge. 1942.

Same centrifuge as used in G-146 for Xe now used with UF6. Use of apiezo grease and sodium
fluoride as seal lubricant. In a series of runs, average enrichment of U234 = 3.6% and U235 = 2.7%.
In another series of runs the following enrichments were achieved U234 = 3.2%, U235 = 2.4%, and
U234 = 5.2%, U235 = 3.9%. These values are less than theoretically expected and are probably due
to contamination which occurs when the samples are drawn o!.

G-158. Paul Harteck and Johannes Hans Jensen. Calculation of the Separation Ef-
fect and the Yield of Various Arrangements of Centrifuges in Order to Improve the
E”ciency of a Single Centrifuge. 1942.

New design gas centrifuge planned which will be a single unit whose rotor will be divided into
chambers. The gas flow will go from the axis of one chamber to the periphery of the next chamber.
Furthermore there will be a periodic change of direction in the gas stream flowing through the
chambers. Calculations are presented for (1) the separation e!ect of a simple single chamber cen-
trifuge, (2) the separation e!ect achieved with a multi-chamber centrifuge with undirectional gas
flow, (3) the separation e!ect achieved with a multi-chamber centrifuge with oscillating gas flow,
(4) calculations evaluating the pressure di!erences and thermal e!ects. Short note on possibilities
of a double centrifuge.

G-175. Hans Martin. Spontaneous Gas Convection on Conducting Walls in a High
Centrifugal Field. 1942.

Small local temperature changes often disturb the separation in an ultracentrifuge; therefore a math-
ematical analysis is made of the thermal convection processes within the centrifuge. Gas movements
in a high centrifugal field occur close to the wall (hot or cold) but not in the gas filled chamber where
the strata are quite stable. Calculations for flow due to temperature di!erential (flow opposite to
the gravitational force). Convection speed. Optimum wall separation in the centrifuge. Convection
currents in the ultracentrifuge which are caused by temperature variations are proportionally re-
duced with higher centrifugal fields, lower gas pressures, and with a reduction in the gas volume
which comes in contact with heat conducting walls. Relationship between temperature di!erentials
and velocity of flow.
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G-215. Wilhelm Groth, Paul Harteck, and Albert Suhr. Separation of Uranium Iso-
topes by the Ultracentrifuge. III. Enrichment of Xenon and Uranium Isotopes by the
Cascade Method. 1943.

Figs. missing. No illustrations of the equipment described. Progress report on work done in 1943.
New type bearing developed and new lubrication system. Use of upper and lower capillary tubes
permitted continual operation. Rotor divided into 10 chambers with periphery of one chamber con-
nected to the axis of its neighbor (cascade method). Provisions to prevent temperature di!erentials.
Centrifuge operated on two endurance runs of 100 hours each. Enriched 25 g of hexafluoride 3 1/2

to 7% (U234). Theoretical enrichment value = 14%.

G-234. Hans Martin. Chamber Centrifuge with Axial Temperature Gradient. 1943.

The design of a multi-chambered ultracentrifuge for the enrichment of uranium isotopes in UF6 is
detailed. The unit has a counter-current gas flow based on the thermosiphon principle. The rotor
itself is a cylinder about 1 meter long, 10 cm radius, rotating at 66,000 rpm. This rotor is divided
into 20 chambers. One end of the unit is heated and the other end is cooled at the same rate. Fins
are built into the end chambers to improve heat transmission to the rotor in order to ensure a
proper temperature gradient through the individual chambers. This gradient is to be maintained in
spite of the heat generated by gas friction. The maximum U235 enrichment per chamber is expected
to be 5.5% and the daily capacity of the centrifuge 50 g UF6.

G-276. Detlof Lyons. Theory of Isotope Separation by Ultracentrifuges with Thermal
Convection. 1944.

Theoretical equations are derived for gaseous di!usion factors relative to separation of two isotopes
and mass-transport through the centrifuge diameter. Thermoconvection is achieved by raising the
temperature of an inner cylinder of fluid above that of the outer layer. Equations for computation
of optimum values of temperature di!erences, speed of flow profile, and separation factor are given.
A continuous centrifugation process for production purposes is described.

G-330. Konrad Beyerle, Wilhelm Groth, Paul Harteck, et al. Correspondence, Cost
Estimates, and Technical Data Concerning the Construction of the Ultracentrifuge by
the Anschütz Company. 1944–1945.

Correspondence between Harteck and sta!members of the Anschütz Co., cost estimates and reports
dated Jan. 1944 to Apr. 1945 are included.

[Includes information on apparently aborted plans to set up multiple centrifuges in Kandern and
Freiburg.]
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G-331. Konrad Beyerle, Wilhelm Groth, Paul Harteck, et al. Technical Letters Con-
cerning the Ultracentrifuge, Taken from Dr. Groth’s File. 1941–1944.

Correspondence between Dr. Groth and K. Beyerle of the Anschütz Co. dated, from 1941 to 1944,
makes up most of the file.

G-332. Folder Containing Blueprints for Construction of an Ultracentrifuge.

The 165 blueprints included in this folder are for construction of an ultracentrifuge using the UZ
III method of Harteck. A design is included for installation of the gas centrifuge GZA 451 in a
building partly underground.

G-333/G-248. Konrad Beyerle. The Gas Centrifuge Setup GZA 451 for the German
Federal Research Board. 12 December 1944.

Construction of an improved double ultracentrifuge for isotope separation is considered. An outlet
pipe is connected to either top or bottom of each of the two centrifuge cylinders, a pipe connects
the opposite sides of the cylinders, and a pipe entering this connecting piece feeds the mixture
to be separated into both cylinders. Advantage of this arrangement is that each cylinder is to be
provided only with two instead of three pipe connections. Plates with central openings divide the
cylinders into a number of chambers. Designs for construction of the centrifuge and all parts are
illustrated and described in detail. Advantages and disadvantages of di!erent plans of construction
and details of operation are considered.

Report G-248, printed and in more finished form, blueprints of the design, and a report by the
Alsos Mission are included in this folder.

G-334. Folder Containing Blueprints for Construction of an Ultracentrifuge.

Seventeen blueprints for construction and operation of an ultracentrifuge using the UZ III method of
Harteck, and 5 drawings of pressure-radius curves for di!erent temperatures and rotational speeds
of the instrument are included in the folder.

G-335. Folder Containing Drawings, Blueprints and Photographs of the Ultracen-
trifuge.

Fifteen photographs of the ultracentrifuge setup in Freiburg i/Br., 7 pencil drawings and 8 blueprints
for centrifuge construction are included in the folder.

G-336. Folder Containing Blueprints for Construction of an Ultracentrifuge.

Thirteen blueprints and two sketches for construction and operation of the UZ III ultracentrifuge
setup are included in this folder.
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Figure D.142: Alsos Mission. 21 April 1945. SUBJECT: Ultra-centrifuge installation in Celle. 17–20
April 1945 [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research–Res.
Inst. & other Facilities (1943–Apr. 1945)]
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[The work described in some of those captured German reports was then summarized in a U.S.
report by the American physicist Jesse Beams, who had tried and failed to build useful uranium
gas centrifuges in the United States during the war:]

G-344. Jesse W. Beams. Report on the Use of the Centrifuge Method for the Concen-
tration of U235 by the Germans. 9 April 1946.

This brief report is based upon a number of captured German reports and letters sent to me by
Colonel Peterson. While this list is apparently not complete, it allows one to get an idea of the
progress the Germans were able to make.

Immediately after Bohr and other showed that the isotope 235 of Uranium was responsible for
the observed Nuclear Fission, the Germans began an intensive search for a suitable method of
concentrating it. Their first step was to produce the UF6 gas in su”cient quantities for use in
the Thermal Di!usion Method of Clusius and Dickel. This production was carried out by the I.G.
Farben Company under the direction of Dr. Noack. Experiments performed from 1939 to 1941
with the Thermal Di!usion Method using the gas, UF6, were uniformly unsuccessful although
in the meantime the necessary properties of UF6 such as viscosity and vapor pressure were well
established.

In the Summer of 1941 Groth, Harteck, and Jensen in Hamburg and Martin and Kuhn in the
University of Kiel focused their attention on the Centrifuge Method for concentrating Uranium 235.
They first made a study of the theory and concluded that the method had promise. Accordingly
in Sept. 1941 the Firm of Anschütz and Co. in Kiel started construction of a gas centrifuge under
the direction of Dr. Beyerle, head of their Research Department. The rotor was 40 cm long with
an O.D. of 14.5 cm and was driven electrically up to 60,000 r.p.m. Apparently this first centrifuge
was patterned somewhat after some of our early (1936–38) published work on isotope separation
by centrifuging. With this apparatus Groth obtained separation of the Xenon isotopes in May 1942
and a concentration increase of 3.9% of Uranium 235 in a small sample in August 1942. During
1943 a large number of technical improvements were made in the centrifuge apparatus, and the
workers felt that it was trustworthy for long period operation.

At the suggestion of Harteck a continuous method of operation was adopted, called the “Rocking
Method” and designated as UZ III. It was assembled and tested in Freiburg by the Firm of Hellige
and Co. Two identical centrifuges were used, one for stripping and the other for concentrating the
U 235. Each centrifuge rotor was divided into 10 chambers in such a way that the periphery of one
chamber connected through a ba#e system to the axis of the next chamber. The bottom ends of
the two rotors were connected together and the gas was made to oscillate or flow back and forth
in such a manner as to produce enriched U 235 at the top of one rotor and the stripped material
at the top of the other rotor. The first experiments with this method gave 40% of the theoretical
value and in May 1944 Groth in writing to Gerlach said: “The experiments of the last week have
produced a separation of 70% of the theoretical value which is more than had been hoped for.” In
the meantime Anschütz and Co. had developed a rotor 70 cm long and 15 cm O.D. which weighed
15 kg. Their rotors were made either of an aluminum alloy, “Bondur,” or of steel and had an inside
peripheral speed of about 3.9→ 104 cm/sec.
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As an alternate to Harteck’s “Rocking Method” Martin and Kuhn at Kiel worked out the theory for
a so-called “Thermal Siphon Method” which consisted of cooling the outer walls of the centrifuge
and heating along the axis. This was supposed to produce circulation in the manner of the Clusius-
Dickel experiment, and the enriched fraction would be drawn o! at the top of the rotor. The method
apparently was never tried although experiments were planned.

From the reports one gathers that as early as 1942 the Germans arrived at the conclusion that the
centrifuge method, even though expensive, probably stood the best chance of success of all of the
methods for separating U 235. They placed an ever growing emphasis on the problem but it never
reached beyond the experimental stage.

It was abundantly clear that the air war was primarily responsible for a production plant not
getting much further than the planning stage. The Anschütz Co. was badly bombed in Kiel and
development was slowed down by the di”culty of getting materials from Essen, Vienna, etc. At the
end of the war they were planning to put a factory underground near Kandern.

In comparing the progress with the Centrifuge Method of separation made by the Germans and by
ourselves it is clear that at the end of the war they were far behind where we were in this country
at the end of 1943 when support of the centrifuge project was e!ectively cut o!. However, they
made some headway both with the theory and experiment.

[Beams’s final editorial comments appear to be countered by the facts that:

• German work on gas centrifuges for a variety of applications began sometime before 1895 (p.
3513), many decades before Beams’s work.

• Beams’s centrifuge experiments were considered but abandoned by the U.S. Manhattan
Project because of their poor performance.

• An enormous amount of the German work on gas centrifuges was not mentioned in these
captured G-reports and Beams’s analysis of them (as illustrated by other documents in this
section).

• The German-developed gas centrifuges became the basis of uranium enrichment worldwide
after the war, since they were more e”cient than any of the uranium enrichment methods
(Beams-type centrifuges, calutrons, gaseous thermal di!usion, and liquid thermal di!usion)
developed by the Manhattan Project.]
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Hans Martin and Werner Kuhn. 1941. Multiplikationsverfahren zur Trennung von Gas-
gemischen, insbesondere bei Anwendung von Schwerefeldern. Zeitschrift für Physikalis-
che Chemie A 189:219–316. See p. 3543.

Es wird ein Multiplikationsverfahren angegeben,
mit dessen Hilfe es allgemein möglich ist, in
Gasgemischen (Isotopengemischen) auftretende
schwache Entmischungse!ekte, wie sie beispiel-
sweise bei Einwirkung eines Gravitationsfeldes
oder eines Temperaturgefälles beobachtet werden
(Einzele!ekte), grundsätzlich beliebig stark zu
vervielfachen und damit eine im Einzele!ekt nur
unvollkommene Zerlegung eines Gemisches in
beliebigem Maße zu vervollständigen. Es ist ein
wesentlicher Bestandteil des Verfahrens, daß das
Gemisch innerhalb des Hohlraumes, in welchen
es eingeschlossen ist, in bestimmter Weise zirkuliert.

Den überwiegenden Raum in der vorliegenden
Mitteilung nimmt die Besprechung der Grundlagen
eines Gastrennverfahrens (I. bis III. Kapitel) ein,
bei welchem der Einzele!ekt (der vervielfacht
werden soll) durch ein starkes künstliches Schw-
erefeld (I. Kapitel) hervorgerufen wird. Das
Schwerefeld wird in einem rasch umlaufenden
Zentrifugenkörper erzeugt. Es ergibt sich dabei als
zufällige Besonderheit dieses Verfahrens, daß außer
dem die Gastrennung verursachenden Einzele!ekt
auch der für die Multiplikation dieses E!ektes er-
forderliche Gasumlauf durch dasselbe Schwerefeld
hervorgebracht werden kann (Thermokonvektion).

A multiplication method is given by means
of which it is generally possible to multiply
weak demixing e!ects occurring in gas
mixtures (isotope mixtures), such as those
observed, for example, under the influence
of a gravitational field or a temperature
gradient (single e!ects), to any desired ex-
tent and thus to complete a decomposition
of a mixture which is only imperfect in
the single e!ect to any desired extent. It
is an essential part of the process that the
mixture circulates in a certain way within
the cavity in which it is enclosed.

Most of the present communication
deals with the fundamentals of a gas sepa-
ration process (Chapters I to III) in which
the single e!ect (which is to be multiplied)
is caused by a strong artificial gravitational
field (Chapter I). The gravitational field is
generated in a rapidly rotating centrifuge
body. An incidental feature of this process
is that, in addition to the single e!ect
causing the gas separation, the gas circula-
tion required for the multiplication of this
e!ect can also be produced by the same
gravitational field (thermoconvection).
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Der Frage nach einer zweckmäßigen Erzeugung
der Gaszirkulation kommt nur mittelbare Be-
deutung zu. Von grundlegender Bedeutung sind
demgegenüber die Vorgänge, die sich als Folge
dieser Gaszirkulation ergeben. Ihre Verfolgung
an Hand des mitgeteilten Zentrifugenver-
fahrens führt auf ein Multiplikationsprinzip,
welches allgemeinerer Anwendung fähig ist. Die
Wirkungsweise dieses Prinzipes wird daher (im II.
und III. Kapitel) besonders eingehend behandelt.
Daneben werden auch speziellere Fragestellungen
diskutiert, sofern diese einen wesentlichen Beitrag
zur Lösung des Problems einer wirksamen Gas-
trennung im Schwerefeld darstellen. Hierher
gehört außer der schon erwähnten Frage nach
der Hervorbringung der Gaszirkulation insbeson-
dere die Diskussion des Einflusses spezieller
(zylindersymmetrischer) Hohlraumformen, wie
sie durch die Notwendigkeit der Unterbringung
des Gasgemisches in einem rasch rotierenden
Zentrifugenkörper nahegelegt werden.

Das Multiplikationsprinzip läßt sich auf zweierlei
Weise realisieren, und zwar entweder dadurch,
daß der Gesamthohlraum durch Zwischenwände,
die geeignete Ö!nungen für die Gaszirkulation
tragen, in eine größere Anzahl von Einzelkam-
mern unterteilt wird (II. Kapitel), oder dadurch,
daß dem Hohlraum eine besonders langgestreckte
Form erteilt wird (III. Kapitel). Für den Tren-
nvorgang bei jeder dieser Methoden wird eine
einfache, durch Übersichtlichkeit ausgezeichnete
Theorie entwickelt, aus welcher sich eine Reihe
von quantitativen Ergebnissen ableitet, die die
Leistungsfähigkeit der Methode hinsichtlich
Trenngüte und Mengenumsatz in Abhängigkeit
von den Arbeitsbedingungen und Apparatdi-
mensionierungen zu beurteilen gestatten. Die
gemeinsamen und unterscheidenden Merkmale
der beiden Methoden werden besprochen.

The question of the appropriate generation of
gas circulation is only of indirect importance.
In contrast, the processes that occur as a
result of this gas circulation are of fundamen-
tal importance. Tracing them on the basis
of the centrifuge process described leads to
a multiplication principle which is capable
of more general application. The mode of
operation of this principle is therefore dealt
with in particular detail (in Chapters II and
III). In addition, more specific questions
are also discussed, provided that they make
a significant contribution to solving the
problem of e!ective gas separation in the
gravitational field. In addition to the afore-
mentioned question of how gas circulation
is brought about, this includes in particular
the discussion of the influence of special
(cylindrically symmetrical) cavity shapes, as
suggested by the need to accommodate the
gas mixture in a rapidly rotating centrifuge
body.

The multiplication principle can be real-
ized in two ways, either by subdividing the
total cavity into a larger number of individual
chambers by means of partitions with suitable
openings for gas circulation (Chapter II), or
by giving the cavity a particularly elongated
shape (Chapter III). For the separation
process in each of these methods, a simple
theory is developed which is characterized by
clarity and from which a series of quantitative
results are derived which allow the e”ciency
of the method to be assessed in terms of
separation quality and volume conversion
as a function of the working conditions and
apparatus dimensions. The common and
distinguishing features of the two methods
are discussed.
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Zum Schlusse (IV. Kapitel) werden die gewonnenen
Ergebnisse, soweit sie nicht ausdrücklich den
besonderen Verhältnissen auf Zentrifugenkörpern
Rechnung tragen, auf das CLUSIUSsche Gastren-
nverfahren, bei welchem der Einzele!ekt durch
Thermodi!usion anstatt Gravitationsdi!usion
hervorgerufen wird, übertragen. Im Anschluß an
eine vergleichende Diskussion, als deren Ergeb-
nis unter anderem namentlich der im Vergleich
zum Zentrifugenverfahren äußerst geringe (theo-
retische) Nutze!ekt des thermischen Verfahrens
zu nennen ist, wird an Hand einer Reihe von
in Frage kommenden Maßnahmen eingehend
untersucht, ob sich der Nutze!ekt des Thermodif-
fusionsverfahrens unter Umständen erhöhen läßt.
Eine solche Möglichkeit besteht grundsätzlich nicht.

Die verschiedenen zum Zwecke der Trennung
von Gasgemischen möglichen Kombinationen eines
Schwerefeldes mit einem Temperaturgefälle werden
diskutiert.

Finally (Chapter IV), the results obtained
are transferred to the CLUSIUS gas sep-
aration process, in which the individual
e!ect is caused by thermal di!usion instead
of gravitational di!usion, insofar as they
do not expressly take into account the
special conditions on centrifuge bodies.
Following a comparative discussion, one
of the results of which is the extremely
low (theoretical) e”ciency of the thermal
process compared to the centrifuge process,
a series of possible measures are used to
examine in detail whether the e”ciency
of the thermal di!usion process can be
increased under certain circumstances. In
principle, there is no such possibility.

The various possible combinations of
a gravity field with a temperature gradient
for the purpose of separating gas mixtures
are discussed.
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Werner Kuhn and Hans Martin. 1941. Temperaturabhängigkeit der Adsorbierbarkeit
als Mittel zur laufenden Fraktionierung oder Konzentrierung von Lösungen. Zeitschrift
für Physikalische Chemie A 189:317–326. See p. 3544.

In Verallgemeinerung eines bisher in Spezialfällen
angewandten Prinzips wird gezeigt: wenn sich
in einem homogenen oder heterogenen System
unter bestimmten, stationär aufrecht erhaltbaren
Bedingungen (Kraftfelder, Temperaturgradienten
usw.) ein Zustand herausbildet, bei welchem an
den im Abstand a/2 (Abb. 1) befindlichen Punkten
P1 und P2 ein Unterschied (1 + ω) in er relativen
Konzentration eines in dem System vorhandenen
Bestandteiles auftritt, so läßt sich der zunächst
vorhandene Unterschied durch eine in dem System
hervorgerufene und aufrecht gehaltene Bewegung
in grundsätzlich beliebigem Maße steigern. Die
anzuwendenden Geschwindigkeiten lassen sich in
Abhängigkeit von den gewählten Dimensionierungen
des Systems sowie in Abhängigkeit von dem im Sys-
tem maßgebenden Di!usionskoe”zienten angeben.

Als Beispiel wird besprochen die Racemattren-
nung, durchgeführt auf Grund davon, daß der
Temperaturkoe”zient der Adsorbierbarkeit der
d-Form eines aktiven gelösten Sto!es sich von
Temperaturkoe”zienten der l-Form unterscheidet,
falls als Adsorptionsmittel ein optisch aktiver fester
Sto! gewählt wird.

Es werden ein Apparat und Versuche beschrieben,
bei welchen eine teilweise Spaltung racemischer
Mandelsäure unter Verwendung von Wolle als
Adsorptionsmittel durchgeführt wird.

Generalizing a principle previously applied
in special cases, the following is shown:
if a state develops in a homogeneous
or heterogeneous system under certain
conditions (force fields, temperature gra-
dients, etc.) that can be maintained in
a stationary state, in which a di!erence
(1 + ω) in the relative concentration of a
component present in the system occurs at
the points P1 and P2 located at a/2 (Fig.
1), the initially existing di!erence can be
increased to any extent by a movement
caused and maintained in the system. The
velocities to be applied can be specified
as a function of the selected dimensions
of the system and as a function of the
decisive di!usion coe”cient in the system.

As an example, racemate separation
is discussed, carried out on the basis that
the temperature coe”cient of adsorbabil-
ity of the d-form of an active solute di!ers
from temperature coe”cients of the l-form
if an optically active solid is chosen as
adsorbent.

An apparatus and experiments are
described in which partial cleavage of
racemic mandelic acid is carried out using
wool as the adsorbent.
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Figure D.143: Patent on gas centrifuges filed by Werner Kuhn and Hans Martin in 1938 [German
Patent DE 906,094].
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Figure D.144: Patent on gas centrifuges filed by Werner Kuhn and Hans Martin in 1938 [German
Patent DE 906,094].
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Figure D.145: Patent on gas centrifuges filed by Werner Kuhn and Hans Martin in 1938 [German
Patent DE 906,094].
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Figure D.146: Patent on gas centrifuges filed by Werner Kuhn and Hans Martin in 1938 [German
Patent DE 906,094].
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Figure D.147: Hans Martin and Werner Kuhn. 1941. Multiplikationsverfahren zur Trennung von
Gasgemischen, insbesondere bei Anwendung von Schwerefeldern. Zeitschrift für Physikalische
Chemie A 189:219–316. First page is shown.
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Figure D.148: Werner Kuhn and Hans Martin. 1941. Temperaturabhängigkeit der Adsorbier-
barkeit als Mittel zur laufenden Fraktionierung oder Konzentrierung von Lösungen. Zeitschrift
für Physikalische Chemie A 189:317–326. First page is shown.
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Figure D.149: OSS Bern Switzerland. 4 October 1944 [NARA RG 226, Entry A1-134, Box 219,
Folder IN AZUSA Nov. ’43 Sept. ’45].
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Figure D.150: Francis J. Smith to Leslie R. Groves. 7 October 1944. SUBJECT: Status of Centrifuge
Work at Kiel University [NARA RG 77, Entry UD-22A, Box 171, Folder 32.7003-2 GERMANY:
US Wartime Positive Int. (July–Oct. 44)].
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Figure D.151: The Anschütz company in Kiel began working on uranium gas centrifuges no later
than 1941 [G-331].
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Figure D.152: The Anschütz company in Kiel began working on uranium gas centrifuges no later
than 1941 [G-331].
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Figure D.153: After the (West) German patent o”ce reopened in 1949, Konrad Beyerle filed a
number of patent applications on gas centrifuges and closely related technologies, likely based on
his wartime work at Anschütz.
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Figure D.154: After the (West) German patent o”ce reopened in 1949, Konrad Beyerle filed a
number of patent applications on gas centrifuges and closely related technologies, likely based on
his wartime work at Anschütz.



D.4. ENRICHMENT OF URANIUM-235 3551

Figure D.155: After the (West) German patent o”ce reopened in 1949, Konrad Beyerle filed a
number of patent applications on gas centrifuges and closely related technologies, likely based on
his wartime work at Anschütz.
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Figure D.156: After the (West) German patent o”ce reopened in 1949, Konrad Beyerle filed a
number of patent applications on gas centrifuges and closely related technologies, likely based on
his wartime work at Anschütz.
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Figure D.157: Two small prototype uranium gas centrifuges manufactured by Hellige in Freiburg,
circa 1943 [Deutsches Museum Archive FA 002/811].
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Figure D.158: Systems for collecting and analyzing di!erent fractions produced by uranium gas
centrifuges from Hellige in Freiburg, circa 1943 [Deutsches Museum Archive FA 002/811].
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Figure D.159: Large uranium gas centrifuge and control panel manufactured by Hellige in Freiburg,
circa 1943 [Deutsches Museum Archive FA 002/811].
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Figure D.160: Interior of the control panel for the large uranium gas centrifuge manufactured by
Hellige in Freiburg, circa 1943 [Deutsches Museum Archive FA 002/811].
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Figure D.161: Top and bottom of a large uranium gas centrifuge manufactured by Hellige in
Freiburg, circa 1943 [Deutsches Museum Archive FA 002/811].
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Figure D.162: Two large uranium gas centrifuges manufactured by Hellige in Freiburg, circa 1943
[Deutsches Museum Archive FA 002/811].
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Figure D.163: CIOS ER 318 [NARA RG 77, Entry UD-22A, Box 166, Folder 32.22-1 GERMANY—
Research—TA—(1943–June 1946)].
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[Whereas conventional histories only acknowledge the existence of one wartime uranium gas cen-
trifuge program conducted by Beyerle, Groth, Harteck, and collaborators in the Hamburg/Kiel
area, there is evidence demonstrating that additional centrifuge programs existed.

For example, Günter Nagel found German documentation of a previously unknown but apparently
quite significant uranium gas centrifuge program that was conducted for at least three or four years
under the Army Ordnance O”ce [Karlsch and Petermann 2007, pp. 249–251]:]

Schumann und Diebner waren sich o!enkundig
schon früh darüber im Klaren, dass die Iso-
topentrennung eines der zentralen Probleme
des Uranprogramms ist. Deshalb wurden auch
Kräfte des II. PI dafür herangezogen. So legten
Werner Holtz und Werner Schwietzke Anfang
1942 ein zwei Seiten umfassendes Dokument
“Ultrazentrifuge zur Trennung von Gasgemis-
chen (Vorbericht)” vor. [...]

Auf die Beteiligung von Holtz und
Schwietzke an der Entwicklung einer Ultrazen-
trifuge wies auch Dr. Herbert Kunz hin. [...]

Einen weiteren Beleg für die Beteiligung
von Holtz und Schwietzke an der Zentrifu-
genentwicklung lieferte Frau Ursula Schulze,
die zu ihrer Flucht 1945 in die “neue Ver-
lagerungsstelle des II. Physikalischen Instituts”
im Schloss Zandt bei Cham im Bayerischen
Wald berichtete: “Auch Holtz und Schwietzke
waren dort angelangt. Dann mussten wir alle
schriftlichen Unterlagen der Kernzentrifugen-
forschung, an der auch Ortwin [Schulze] bei
Schwietzke mitgearbeitet hatte, verbrennen.
Dabei wussten wir noch nicht, dass Schwietzke
Duplikate besaß, was ihn durch unsere Hilfe
nach Australien weiterhalf.”

Schumann and Diebner were obviously already
aware that isotope separation is one of the
central problems of the uranium program. For
this reason, resources of the Second Physics
Institute were used for this. Thus in early 1942,
Werner Holtz and Werner Schwietzke presented
a two-page document entitled “Ultracentrifuge
for the Separation of Gas Mixtures (Prelimi-
nary Report).” [...]

The involvement of Holtz and Schwietzke
in the development of an ultracentrifuge was
also emphasized by Dr. Ing. Herbert Kunz. [...]

Further evidence of the involvement of Holtz
and Schwietzke in centrifuge development was
provided by Ms. Ursula Schulze, who reported
on her escape in 1945 to the “new relocation
o”ce of the Second Physics Institute” in Zandt
Castle near Cham in the Bavarian Forest:
“Holtz and Schwietzke had arrived there, too,
and then we had to burn all the written records
of the nuclear centrifuge research, on which also
Ortwin [Schulze] had worked with Schwietzke.
We did not yet know that Schwietzke possessed
duplicates, which helped him in Australia.”

[In the National Archives of Australia, Gernot Eilers found postwar documentation on Werner
Schwietzke and his gas centrifuge designs, from the time period during which he emigrated to
Australia.]
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File on Werner Schwietzke. 1947–1951. National Archives of Australia. Series number
MT105/8, control symbol 1/6/3094, barcode 934755. Note: pages are numbered in
reverse order in red pencil in upper right corner. https://recordsearch.naa.gov.au/
SearchNRetrieve/NAAMedia/ShowImage.aspx?B=934755&T=PDF

[p. 41] Schwietzke was checked closely on his party activities. [...] I enquired from Czerny on his
political past and was informed I could be sure he had not dabbled in politics any more than was
necessary by his profession. Czerny did not hesitate to say he could vouch for him. This was also
the opinion I formed. Schwietzke is the type who is interested in academic not political problems.

As requested I attempted to get details of the laboratory centrifuge.

The position is that due to bombing no existing centrifuge or drawings are available to Dr. Schwietz-
ke. He does however feel he has the capacity to design a similar machine quite easily. [...]

The Centrifuge was made by PHYWE (Trade name of Physicalische Werkstatte) of Göttingen from
sketches and instructions. No special drawings, and unlikely that PHYWE have useful data there
he feels. [...]

As soon as the centrifuge details submitted by Dr. Schwietzke are received they will be transmitted
to Australia.

H. P. Matthews.

[pp. 20–19, the end of a detailed 14-page paper written by Schwietzke in German after the war
giving an apparently selective account of his early centrifuge experiments during the war:]

Da die theoretischen Berechnungen der Span-
nungsverteilung des mit hoher Geschwindigkeit
umlaufenden Rotors nur mit einer gewissen
Annäherung vorgenommen werden können, war
es empfehlenswert, den genau ausgewuchteten
Rotor einen Probelauf unterhalb der als kri-
tisch errechneten Umlaufhöchstgeschwindigkeit
von 65 000 U/Min. ausführen zu lassen und durch
Präzisionsmessungen nach dem Lauf die evt. auftre-
tenden Veränderungen des Rotors genauestens zu
bestimmen. Nach einer beträchtlichen Anzahl von
Versuchsreihen über mehrere Stunden bei 60 000
U/Min. konnte eine Verformung des Rotors niemals
festgestellt werden, so dass eine ständige Betriebs-
drehzahl von 56 000 U/Min. bei den vorgesehenen
Versuchen ohne Gefahr gewählt werden konnte.

Diese wenig Platz und Aufwand erfordernde
Ultrazentrifuge hat sich in der Praxis ausseror-
dentlich gut bewährt.

Since the theoretical calculations of the
stress distribution of the rotor rotating
at high speed can only be carried out
with a certain approximation, it was
recommended that the precisely balanced
rotor be subjected to a test run below
the maximum rotational speed of 65,000
rpm, which was calculated as critical, and
that any changes in the rotor be precisely
determined by precision measurements
after the run. After a considerable number
of test series over several hours at 60,000
rpm a deformation of the rotor never could
be detected, so that a constant operating
speed of 56,000 rpm could be selected for
the intended tests without danger.

This ultracentrifuge, which requires
little space and e!ort, has proven itself
extraordinarily good in practice.
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[Werner Schwietzke and his uranium gas centrifuges clearly existed, as shown by the German and
Australian evidence, yet they had been completely forgotten by history. The fact that Werner
Grothmann mentioned the importance of Schwietzke and his wartime work [p. 3743] strongly sup-
ports both the authenticity and the usefulness of the Werner Grothmann interview transcript.

In contrast, the fact that Erich Schumann neglected to mention Schwietzke and his centrifuges
in his postwar writings, even though most of that work was conducted directly under Schumann,
suggests that Schumann deliberately omitted major people and programs from his writings to make
the wartime German program appear much smaller and much less advanced than it actually was.

German gas centrifuges were produced by:

• Anschütz in Kiel (pp. 3512–3533), which had decades of experience making advanced gyro-
scopes (p. 1510).

• PHYWE (Physicalische Werkstatte) in Göttingen (p. 3561), which also made extremely ad-
vanced liquid centrifuges for biochemical research (pp. 2409–2411).

• Linde Eismaschinen in Munich (pp. 3516–3525), which had decades of experience with gas
handling and rotating compressor machinery.

• Hellige in Freiburg (pp. 3530–3558).

• Hellige in Breslau/Wroc$law (p. 4567).

• One or more factories in Switzerland for export to Germany (pp. 3563–3566). This was re-
ported by Constantin Chilowsky (Russian/French/Swiss, 1880–1958), a distinguished scientist
with decades of experience working on sonar and a wide variety of other technologies, who
said he had personally seen the factory and the uranium centrifuges.

• Quite possibly other locations as well.

How many uranium gas centrifuges were produced by or for Germany during the war? At what
sites were they installed and operated? How much enriched uranium did they produce in total,
and how highly enriched was it? Can files that would answer these questions be located in various
national archives and declassified?

Centrifugation proved so superior to the U.S. Manhattan Project’s enrichment methods that the
German gas centrifuge designs are now the worldwide standard for uranium enrichment. The ev-
idence clearly demonstrates that the technology was developed and demonstrated over the course
of the war by German scientists and engineers, and spread by German scientists and engineers (as
well as the prototypes and documentation they had produced) to other countries after the war.
The Soviet Union was one of those countries to which the technology spread (via scientists such
as Max Steenbeck and Gernot Zippe), but not the origin of the technology [Helmbold 2016; Kemp
2009, 2012, 2017; NYT 2004-03-23].

Just as most of these German centrifuge programs were kept so quiet during World War II and in
all the decades afterward, it is entirely possible that other major wartime programs on advanced
nuclear or other technologies are still unknown or poorly understood.]
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H. T. Wensel to Robert Furman. 14 March 1944. See document photos on pp. 3564–
3566. [NARA RG 227, Microfilm M1392, Bush-Conant File Relating to the Develop-
ment of the Atomic Bomb, https://downloads.paperlessarchives.com, pp. 6084–6089.]

March 14, 1944

MEMORANDUM

TO: Major R. R. Furman

FROM: H. T. Wensel

This memorandum will put on record the information which I gave you orally yesterday.

Dr. H. C. Urey of Columbia University was approached through a Professor Perrin, who was then
an exchange Professor in the Chemistry Department at Columbia University, on behalf of one
Constantin Chilowsky. Chilowsky was desirous of selling an invention, the exact method never
disclosed to us, for accomplishing the same purpose which the Manhattan District is seeking to.
Professor Urey indicated that he was not interested in the matter but passed the information on to
the OSRD, and I was asked to interview Chilowsky by Dr. Conant to see what I could find out. I
used my credentials as a member of the National Bureau of Standards and indicated to Chilowsky
and Professor Perrin that I had no other government connection.

Chilowsky was a Swiss and refused to divulge even the approximate nature of his method but,
inasmuch as I indicated that the government would be apathetic to the idea until shown that
something practical was involved, in order to “sell” me on the importance of the job, he indicated
to me that the Germans were actively engaged on the same objective. In particular, he told me he
had personally seen in a factory in Switzerland centrifuges which were being produced to be sent
to Germany for the Germans’ work on this field.

Chilowsky also told me that he had a moral and financial obligation to o!er first crack at his
invention to the British group of Halban. It seems that Halban and his group had some part in
developing the invention in question. Halban is at present with the British team in Montreal, and it
may be that Chilowsky’s whereabouts can be traced through Halban if no other means of approach
is available.

[A Swiss factory was producing uranium centrifuges and sending them to Germany, apparently in
1942 or 1943; details are still classified.

Constantin Chilowsky (Russian/French/Swiss, 1880–1958) was a distinguished scientist with decades
of experience working on a wide variety of technologies ranging from sonar to fission reactors:

Constantin Chilowsky [obituary]. New York Daily News, 1 July 1958, p. 386.
https://www.newspapers.com/article/daily-news-death-of-constantin-chilowsky/114034053/

Technology Mobilization: Hearings Before a Subcommittee of the Committee on Military
A!airs. United States Senate. 1942. December 12, 14, 17-19. Washington, DC: U.S.
Government Printing O”ce. p. 631: Constantin Chilowsky.
https://books.google.com/books?id=LzoTAAAAIAAJ&pg=PA631

Thus Chilowsky was a thoroughly qualified and highly reputable source, and he said that he had
personally seen the factory and the uranium centrifuges. His story was considered credible and
important by French nuclear physicist Francis Perrin and Manhattan Project scientists Harold C.
Urey and H. T. Wensel.]
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Figure D.164: A Swiss factory was producing uranium centrifuges and sending them to Germany,
apparently in 1942; details are still classified. [H. T. Wensel to Robert Furman, 14 March 1944.
NARA RG 227, Microfilm M1392, Bush-Conant File Relating to the Development of the Atomic
Bomb, https://downloads.paperlessarchives.com, pp. 6084–6089.]
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Figure D.165: A Swiss factory was producing uranium centrifuges and sending them to Germany,
apparently in 1942; details are still classified. [H. T. Wensel to Robert Furman, 14 March 1944.
NARA RG 227, Microfilm M1392, Bush-Conant File Relating to the Development of the Atomic
Bomb, https://downloads.paperlessarchives.com, pp. 6084–6089.]
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Figure D.166: A Swiss factory was producing uranium centrifuges and sending them to Germany,
apparently in 1942; details are still classified. [H. T. Wensel to Robert Furman, 14 March 1944.
NARA RG 227, Microfilm M1392, Bush-Conant File Relating to the Development of the Atomic
Bomb, https://downloads.paperlessarchives.com, pp. 6084–6089.]
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Figure D.167: Samuel Goudsmit’s personal copy of an English translation of Der Spiegel, 8
June 1965, Kernforschung von hinten [NARA RG GOUDS, Entry UD-7420, Box 8, Folder Hay-
cock/Brown/Tape AEC; https://www.spiegel.de/politik/von-hinten-a-359489f2-0002-0001-0000-
000046272934]. The uranium gas centrifuges developed by Hans Martin, Wilhelm Groth, Konrad
Beyerle, and other German-speaking experts during the war ultimately became the worldwide pre-
ferred method of uranium enrichment despite Goudsmit’s best e!orts to suppress them (p. 3307).
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Figure D.168: Samuel Goudsmit’s personal copy of an English translation of Der Spiegel, 8
June 1965, Kernforschung von hinten [NARA RG GOUDS, Entry UD-7420, Box 8, Folder Hay-
cock/Brown/Tape AEC; https://www.spiegel.de/politik/von-hinten-a-359489f2-0002-0001-0000-
000046272934]. The uranium gas centrifuges developed by Hans Martin, Wilhelm Groth, Konrad
Beyerle, and other German-speaking experts during the war ultimately became the worldwide pre-
ferred method of uranium enrichment despite Goudsmit’s best e!orts to suppress them (p. 3307).
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Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Separation by Means
of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316.
[https://irp.fas.org/cia/product/zippe.pdf]

In November 1946, [long redacted phrase] turned to centrifuge development. [. . . ] It must be noted
that a centrifuge for isotope separation had been Steenbeck’s idée fixe ever since he came to Sinop.
Even before he came to Sinop, he seems to have suggested to the Soviet a centrifuge with extremely
long rotors[.. . . ]

[See document photos on pp. 3570–3584.

This report comes from the 1957 U.S. interrogation of Gernot Zippe. See p. 3585.

Regarding Max Steenbeck, Gernot Zippe, and other German-speaking scientists who were involved
in building uranium gas centrifuges for the postwar Soviet nuclear program, just exactly what
involvement or knowledge did they have concerning the wartime German development of uranium
gas centrifuges?

For example, from the above passage from this report, it sounds as if Steenbeck already had great
confidence in and knowledge about uranium gas centrifuges immediately after the war.]
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Figure D.169: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.170: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.171: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.172: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.173: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]



D.4. ENRICHMENT OF URANIUM-235 3575

Figure D.174: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.175: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.176: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.177: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.178: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.179: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.180: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.181: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]



D.4. ENRICHMENT OF URANIUM-235 3583

Figure D.182: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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Figure D.183: Gernot Zippe. 22 May 1957. The Problem of Uranium Isotope Sep-
aration by Means of Ultracentrifuge in the USSR. CIA Report EG-1802. C00010316
[https://irp.fas.org/cia/product/zippe.pdf]
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R. Scott Kemp. 2009. Gas Centrifuge Theory and Development: A Review of U.S.
Programs. Science and Global Security 17:1–19.

When the Manhattan Project began, centrifuges of this kind were considered as a candidate tech-
nology for concentrating uranium-235 for the first nuclear weapon. [Jesse] Beams was asked to
oversee the centrifuge project and led a design team at the University of Virginia. The Westing-
house Research Laboratory was charged with building the first production machines, and testing
was done at the Standard Oil Development Company in Bayway, New Jersey. The team at the
University of Virginia designed a supercritical machine, 7.35 in diameter and 136 in long, which
operated at 270 m/s in a four-stream mode. Westinghouse built a slightly smaller version, 7.2 in
diameter by 132 in long, as well as a subcritical machine, 7.2 in diameter by 42 in long. Separation
tests began with the subcritical unit in August 1943 and continued for 93 of 99 days before the oil
gland developed a leak and caused the centrifuge to crash at 215 m/s in December of 1943. The
program was terminated by enrichment-project manager Harold Urey a few weeks later in favor of
gaseous di!usion. [...]

In December 1951, the Committee on Isotope Separation of the Division of Research strongly ad-
vised against a post-war centrifuge revival, noting that centrifuges could not compete economically
with existing gaseous di!usion technology. That would change in 1953 when German groups led by
Wilhelm Groth and Konrad Beyerle, and a Dutch group led by Jacob Kistemaker, began asserting
that their centrifuges would soon be more economical than American-style di!usion. Fearing a loss
of their uranium-enrichment monopoly, the U.S. Atomic Energy Commission decided to revive cen-
trifuge research in September 1954. But the revival was desultory: No machines were built because
the AEC was confident that it would have full access to German technology, which was at that
time the most advanced in the West. [...]

In the summer of 1956, the Soviet Union began repatriating captive German scientists who had
been working on uranium enrichment at Institutes A and G at Sukhumi on the Black Sea. Oswald
Francis (“Mike”) Schuette of the U.S. O”ce of Naval Intelligence had the task of interrogating
the returning Germans. By chance, one of his subjects was the Austrian scientist Gernot Zippe,
who wound up in Germany only because he could not a!ord rail fare back to his native Austria.
Zippe had become a flight instructor for the Luftwa!e after he finished his Ph.D. He was captured
by Soviet forces and sent to the Krasnogorsk detention camp, but when the Soviets learned of his
technical background he was transferred to Institute A, where he was put in charge of mechanical
developments for the Soviet centrifuge program.

Schutte’s report of Zippe’s activities attracted the interest of the Intelligence Division of the U.S.
Atomic Energy Commission. They arranged to bring Zippe to the United States in 1957 under a
false passport and the assumed name of “Dr. Schubert.” AEC scientists and intelligence o”cials
interrogated Zippe in an all-day session at the Shoreham Hotel in Washington, D.C. This was
followed by a more collegial debriefing several days later at the University of Virginia. Zippe revealed
that he and the Soviets had worked out a completely novel design that did away with the thrust
bearings and oil glands that had been so problematic in the U.S. centrifuge. The AEC arranged to
have Zippe return to the United States on contract to the University of Virginia, where he would
replicate the Soviet machine in exchange for a $10,000 salary. In August 1958, Zippe returned to
Virginia, and less than a year later he produced a working replica of the Soviet machine.
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Karl Cohen, whose theoretical contributions appear later in this article, was asked to assess Zippe’s
work for the Atomic Energy Commission. He was so impressed that he advised the commission to
expand its centrifuge e!orts in the direction of the Soviet design. By April 1960 the Division of
Research approved a program to be housed at the Oak Ridge Gaseous Di!usion Plant under the
management of Union Carbide Corporation, Nuclear Division. Work was begun 1 November 1960,
and included the construction of a cascade based on the Soviet design, as well as improvements to
centrifuge theory, and a continuation of the study on novel materials. [...]

In the late 1970s, the U.S. Department of Energy predicted that the demand for nuclear power, and
thus enriched uranium, would grow dramatically in the coming decade. Saddled with only aging
gaseous-di!usion plants, the DOE proposed a commercial-scale centrifuge facility to meet future en-
richment demand. In 1977, Congress authorized an 8.8 million SWU/yr plant at Portsmouth, Ohio.
The first stages of the plant were based on Set III centrifuges, 24 in diameter, 40 feet long, at 200
SWU/yr per machine. In time, however, it became apparent that the demand for enriched uranium
had not increased as predicted; competing lifetime-extension programs on sunk-cost gaseous di!u-
sion plants obviated the need for a new plant; and claims of economic mismanagement plagued the
centrifuge program. The entire centrifuge e!ort was cancelled on June 5, 1985. Only 3000 machines
had been installed at the Portsmouth facility at a total cost of $2.6 billion.
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Despite War, Paying Russia For Uranium. New York Times. 15 June 2023, p. A1.

The United States’ reliance on nuclear power is primed to grow as the country aims to decrease
reliance on fossil fuels. But no American-owned company enriches uranium. The United States once
dominated the market, until a swirl of historical factors, including an enriched-uranium-buying deal
between Russia and the United States designed to promote Russia’s peaceful nuclear program after
the Soviet Union’s collapse, enabled Russia to corner half the global market. The United States
ceased enriching uranium entirely. [...]

Roughly a third of enriched uranium used in the United States is now imported from Russia, the
world’s cheapest producer 8. Most of the rest is imported from Europe 9. A final, smaller portion
is produced by a British-Dutch-German consortium operating in the United States 10. [...]

In the 1950s, as the nuclear era began in earnest, Piketon became the site of one of two enormous
enrichment facilities in the Ohio River Valley region, where a process called gaseous di!usion was
used.

Meanwhile, the Soviet Union developed centrifuges in a secret program, relying on a team of German
physicists and engineers captured toward the end of World War II. Its centrifuges proved to be 20
times as energy e”cient as gaseous di!usion. By the end of the Cold War, the United States and
Russia had roughly equal enrichment capacities, but huge di!erences in the cost of production.

In 1993, Washington and Moscow signed an agreement, dubbed Megatons to Megawatts, in which
the United States purchased and imported much of Russia’s enormous glut of weapons-grade ura-
nium, which it then downgraded to use in power plants. This provided the U.S. with cheap fuel
and Moscow with cash, and was seen as a de-escalatory gesture.

But it also destroyed the profitability of America’s ine”cient enrichment facilities, which were even-
tually shuttered. Then, instead of investing in upgraded centrifuges in the United States, successive
administrations kept buying from Russia.

8[From Rosatom, using German-developed centrifuges.]

9[From Urenco, using German-developed centrifuges. See https://www.world-nuclear-news.org/Articles/Urenco-
expands-enrichment-capacity]

10[Urenco again, using German-developed centrifuges. See https://urencousa.com/about/our-history]
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D.4.3 Uranium-235 Enrichment via Electromagnetic Separation

[German reports captured by the U.S. Alsos Mission also show that there was extensive work
throughout the war on electromagnetic systems for uranium enrichment (similar to the U.S. ca-
lutrons at Oak Ridge). That work was conducted by physicists and engineers such as Manfred von
Ardenne, Heinz Ewald, Richard Herzog, Hans Kopfermann, and Wilhelm Walcher. Unless otherwise
noted, text for G-series captured German nuclear reports cited here consists of the English-language
abstracts prepared by American scientists who studied the German reports.]

G-375. Richard Herzog. Report on the Status of the Work Towards Construction of a
Large New Mass Spectrometer. 1943. Vienna.

Construction principles are outlined as they were patented in 1943 and details of the design are
described. The manifold ways of focusing (direction focusing in both planes, energy focusing over
great regions, radiation focusing of the ion source and the acceleration field) assure great intensity
of the mass spectrometer even with great resolution, such intensities as are needed for separation
of isotopes. The instrument will enable scientists to detect and determine smallest quantities of
elements produced by nuclear reactions and relative abundance of isotopes.

G-256. Mass Spectrograph Construction Planned by the German Post O”ce Depart-
ment Research Institution. [Über den Aufbau eines Massenspektrographen bei der
Forschungsanstalt der Deutschen Reichspost.] 1944.

Construction is planned of a mass spectrograph equipped with a single lens and with the electric field
installed between the pole faces of the magnets. With improved lens correction a very high resolving
power is provided and high intensity of beam if the diaphragm is wide open. The instrument is
planned to serve as a precision tool for determination of mass defects when the spectrometer slit
is narrowed or for isotope separation when the slit is widened. The mass scale is planned to be
M/M–8%. Magnet and magnet corrections needed are described in detail.

G-196. Wilhelm Walcher. Report on the Status of Mass Spectroscope Work at Kiel.
The E!ect of Space Charge on Focussing Properties of Magnetic Sector Fields. 1942.

Mass spectrograph built in Kiel to separate U isotopes. On the basis of tests made with Ag, can
expect daily separation of from 2 to 6 → 10↑8 moles of U235. Mathematical determination of the
e!ect of electrostatic repulsion of the particles on the cross section of an ion beam.

G-291. Wilhelm Walcher. Report on Investigations of Ion Sources for High Power
Installations. 12 October 1944.

Requirements for an ion source best suited for use with high power installations are postulated
and a table is given that compares capacity and current characteristics of 8 known ion sources.
Experiments are described investigating electron-optical beam characteristics of the pendulum ion
source of Heil and of a magnetron ion source, the resulting characteristics of the ion currents are
illustrated.
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Wilhelm Walcher. 1943. Über die Verwendungsmöglichkeiten von Glühanoden zur
massenspektroskopischen Isotopentrennung. [About the Possible uses of Anodes for
Mass Spectroscopic Isotope Separation.] Zeitschrift für Physik 121:604–613.

Aus der Kenntnis des Emissionsvorganges der
Kunsman-Koch-Anode wird geschlossen, daß
Elemente mit einer Ionisierungsarbeit, die kleiner
als die Austrittsarbeit der Trägersubstanz (Wol-
fram mit adsorbiertem Sauersto!, maximal etwa
9 eV) ist, in einer solchen Anode in Ionen-
form erzeugt werden können. Es zeigt sich je-
doch, daß diese Möglichkeit außer bei den Al-
kalien nur bei der In-, Ga-, Tl-Gruppe besteht,
während z. B. die Erdalkalien für eine Ionisierung
nach dieser Methode ungeeignet sind. Gründe hi-
erfür werden angegeben. — Die Ausbeute der
Alkalianoden wird zu fast 100% des auf der in-
neren Oberfläche des W-Pulvers adsorbierten Al-
kalimetalls gefunden, und zwar ist die in Amper-
estunden gemessene Kapazität konstant und weit-
gehend unabhängig vom Emissionsstrom, der bei
einer Rubidiumanode bis zu 0,7 mA/cm2 dauernd
gesteigert werden kann. Die Ausbeute einer Indiu-
manode hingegen beträgt nur etwa 5%. — Es wird
gezeigt, daß sich die Anoden regenerieren lassen.

From the knowledge of the emission process
of the Kunsman-Koch anode it is concluded
that elements with an ionization energy which
is smaller than the output energy of the car-
rier substance (tungsten with adsorbed oxy-
gen, maximum about 9 eV) can be produced
in such an anode in ion form. However, it has
been shown that this possibility exists only
for the in-, Ga-, Tl-group except for the al-
kalis, whereas the alkaline earths are unsuit-
able for ionization according to this method.
Reasons for this are given.—The yield of the
alkali anodes is found to almost 100% of the
alkali metal adsorbed on the inner surface of
the W powder, namely the capacity measured
in ampere hours is constant and largely inde-
pendent of the emission current, which can
be continuously increased up to 0.7 mA/cm2

with a rubidium anode. The yield of an in-
dium anode on the other hand is only about
5%.—It is shown that the anodes can be re-
generated.

Wilhelm Walcher. 1943. Der Einfluß der Raumladung auf die Abbildungseigenschaften
magnetischer Sektorfelder. [The Influence of Space Charge on the Resolving Power of
Sector-Shaped Magnetic Fields.] Zeitschrift für Physik 121:719–728.

Es wird gezeigt, daß ein Bündel geladener
Teilchen, das auf eine Brennlinie zielt, trotz des
abstoßenden Einflusses der Raumladung in einer
anderen Brennlinie fokussiert werden kann. Die
Fokussierungsbedingungen werden für den feld-
freien Raum und für magnetische Sektorfelder
angegeben, die Erweiterung der Theorie auf allge-
meine Sektorfelder an einem Beispiel besprochen.
Folgerungen für den Bau von Massenspektro-
graphen, insbesondere solchen für Isotopentren-
nung, werden gezogen.

It is shown that a bundle of charged parti-
cles aiming at a focal line can be focused in
another focal line despite the repulsive influ-
ence of space charge. The focusing conditions
are given for the field-free space and for mag-
netic sector fields, the extension of the theory
to general sector fields is discussed with an
example. Conclusions for the construction of
mass spectrographs, especially those for iso-
tope separation, are drawn.
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BIOS 1487. Chemical Laboratory Instrumentation in Germany. pp. 5–15.

The estimation of stable isotopes for most of the research teams in Germany using them was done on
a mass spectrometer designed and made by Dr. W. Paul of the Second Physics Institute Göttingen.
A second similar instrument was made at Göttingen for Professor Heisenberg’s Institute but was
only completed late in the War and was not much used. [...]

The results given by Dr. Paul in his description of the instrument (loc. cit) showed that its resolution
was just su”cient to bring the deflection to zero between the two thallium isotopes of mass 203 and
205, whilst its sensitivity could be made su”cient to demonstrate the existence of the radio active
potassium isotope K40 which is present in the proportion of 0.012%[...] The results of measurements
of the relative concentration of the isotopes of rubidium, thallium, potassium, neon, silver and
nitrogen are given showing an accuracy of 1% or better.

The instrument was operated by Dr. Paul during our visit. It was clear from this demonstration
that the resolving power was as good as was claimed—the isotopes of mercury masses 198–202,
from the di!usion pump used to evacuate the apparatus, being shown readily, whilst the sensitivity
was ample to show the presence of the rare neon isotope.

[...] It is the more remarkable that apparently most of the workers in Germany doing work with
stable isotopes during the War, relied on this instrument for their analyses.

1994. Obituaries: Wolfgang Paul. Physics Today 47:7:76.
[https://pubs.aip.org/physicstoday/article/47/7/76/407994/Wolfgang-Paul]

[...] After two years with the Technische Hochschule Munich, he went in 1934 to the Technische
Hochschule Berlin, where he joined Hans Kopfermann’s research group and earned the diploma
(1937) and doctorate (1939) degrees. In 1937 he moved with that team and set out to participate
in pioneering studies at the universities of Kiel and later Göttingen on the hyperfine structure of
atomic spectra and—with Wilhelm Walcher—on mass spectrometry. In 1944 he became a faculty
member at Göttingen, where he worked with the legendary 6-MeV betatron, the first of its kind
on the European continent.
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[Wolfgang Paul (German, 1913–1993) won a Nobel Prize in Physics in 1989 for his experimental
physics work on the electromagnetic manipulation and trapping of ions, of which the invention
described in BIOS 1487 was just one example. Wolfgang Paul should not be confused with Wolfgang
Pauli (Austrian, 1900–1958), who won a Nobel Prize in Physics in 1945 for his work on theoretical
physics.

Paul’s mass spectrometer from BIOS 1487 (or similar instruments) would have been ideal for
monitoring the progress of uranium isotope enrichment by providing a rapid and reliable analysis
of the uranium isotope ratios at various points in the enrichment process. If the instrument could
readily separate isotopes of thallium or mercury with slightly di!erent masses around 200, it could
distinguish between uranium isotopes of masses 235 and 238.

Please see figures of Paul’s mass spectrometer from BIOS 1487 on the following pages.

In fact, if this design were scaled up, given some modifications, and mass-produced, those mass-
produced versions could have been used like calutrons to actually enrich significant amounts of
weapons-grade uranium.

From publicly available references, it is unclear just how much nuclear-weapons-related work Wolf-
gang Paul may have done during the war.]
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Figure D.184: Wolfgang Paul’s electromagnetic mass spectrometer for separating/analyzing isotope
mixtures [BIOS 1487].
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Figure D.185: Wolfgang Paul’s electromagnetic mass spectrometer for separating/analyzing isotope
mixtures [BIOS 1487].



3594 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Kurt Diebner. Listing of nuclear research commissions enclosed with a letter to the
president of the Reich Research Council. 18 April 1944. [English translation in Hentschel
and Hentschel 1996, pp. 322–324; German in Nagel 2016, pp. 512–513]

No. Topic Person Responsible Priority Level Secrecy Specification

[...]

11. Isotope separation Inst. for Phys. Chemistry at SS, for special Secret,
Hamburg Univ., Prof. Harteck purposes DE partly top secret

12. Isotope separation Inst. for Phys. Chemistry SS Secret,
and Electrochemistry, Kiel, partly top secret
Lec. Dr. Martin

13. ” KWI for Chemistry, SS, for special Secret
Berlin, Dr. Klemm purposes DE

[...]

15. Preparation of Danzig Polytechnic, SS Secret
gaseous uranium Prof. Albers
compounds for
isotope separation

16. ” Chem. Inst. at Bonn Univ., SS Secret
Prof. Schmitz-Dumont

17. Construction and II. Phys. Inst. at SS Open,
development of a Göttingen Univ., partly secret
mass spectrograph Prof. Kopfermann

18. Development of a Deutsche Reichspost, SS Open,
mass spectrograph Ministerial Councillor Gerwig partly secret

19. Manufacture of an Bamag-Meguin Co., Berlin DE Secret
isotope sluice

[...]
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G-139. Heinz Ewald. Eine neue Methode zur Magnetischen Isotopentrennung. [A New
Method of Magnetic Isotope Separation.] 3 March 1942.

Reviews use of mass spectrograph to separate isotopes. Limitations of methods used heretofore.
Principle of new separation method. Ions of homogeneous energy enter slit B

↓ at angle E into
homogeneous magnetic field with limits bb, cc. Field strength is so regulated that the heavy masses
M2 just leave the magnetic whereas the light masses M1 cannot quite leave the magnetic field
and are bent back toward b. Various applications of this principle are illustrated and discussed:
(1) Annular magnetic field with ion source in the center. (2) Linear arrangement with rectangular
magnetic field. (3) Annular magnetic field with ion source on the outside and target for heavy
particles in the center. Calculations are included to demonstrate practicability of this method.

[See pp. 3597–3604. Ewald’s design is closely related to Manfred von Ardenne’s design below, and
both were apparently part of the same project.]

Manfred von Ardenne. Über eine neuen magnetischen Isotopentrenner für hohen
Massentransport. April 1942. [From Moscow archive, courtesy of Rainer Karlsch]

[See pp. 3605–3626. In this report, Manfred von Ardenne gave a detailed design for the electromag-
netic isotope separator concept that was described in Ewald’s report. In particular, he showed how
to use a large number of ion beams with only one set of magnets, thereby greatly increasing the
production rate of U-235. Von Ardenne’s report even included a photograph of a prototype that he
had built for experiments (p. 3624).]

Samuel A. Goudsmit. 16 June 1945. SUBJECT: Baron von Ardenne’s Isotope Separa-
tion. [NARA RG 77, Entry UD-22A, Box 166, Folder 32.22-1 GERMANY—Research—
TA—(1943–June 1946)]

1. Among the Reichsforschungsrat papers, we have found the research report of the work which von
Ardenne did for the Reichspost. The report is dated April 1942 and describes a magnetic isotope
separator in detail. It was sent to the RFR by Esau.

2. Attached is also an interesting commentary by von Ardenne himself. In this, he states that isotope
separation is essential to decrease the amount of uranium necessary for the uranium machine. He
claims that indications regarding developments, especially in the U.S.A., which aim at a decrease
of the uranium quantity in the U-machine, have recently seeped through. Further down, he claims
that the method invented by him is new and that, by keeping the development work very secret,
an important advantage can be gained over the high level of experimental nuclear physics in the
U.S.A.

[For much more information on Manfred von Ardenne’s calutron-like electromagnetic isotope sep-
arators, see the following pages, as well as pp. 4221–4222.]
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Figure D.186: Samuel A. Goudsmit. 16 June 1945. SUBJECT: Baron von Ardenne’s Isotope Sep-
aration. [NARA RG 77, Entry UD-22A, Box 166, Folder 32.22-1 GERMANY—Research—TA—
(1943–June 1946)].



D.4. ENRICHMENT OF URANIUM-235 3597

Figure D.187: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.188: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.189: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.190: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.191: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.192: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.193: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.194: Heinz Ewald’s March 1942 design for an electromagnetic isotope separator [G-139].
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Figure D.195: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.196: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.197: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.198: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.199: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]



3610 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.200: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.201: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.202: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.203: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.204: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]



D.4. ENRICHMENT OF URANIUM-235 3615

Figure D.205: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.206: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.207: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.208: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.209: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.210: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.211: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.212: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.213: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.214: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.215: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.216: Manfred von Ardenne’s April 1942 design and prototype for an electromagnetic
isotope separator with numerous beams but only one set of magnets. [Courtesy of Rainer Karlsch.]
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Figure D.217: The former Manfred von Ardenne mansion. A large cyclotron was located under the
garage at the left, accessible by a tunnel from the house.
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Figure D.218: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.219: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.220: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.221: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.222: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.223: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].



3634 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.224: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.225: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.226: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Figure D.227: Description of Heinz Ewald’s wartime work on electromagnetic isotope separators
[FIAT Rev: Nuclear Physics and Cosmic Rays Vol. II, pp. 80–10].
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Helmut J. Fischer. 1988. Hitlers Apparat: Namen, Ämter, Kompetenzen: Eine Struk-
turanalyse des 3. Reiches. Kiel: Arndt. pp. 133–134.

Die Reichspost hatte von jeher technische Auf-
gaben zu bewältigen und stützte sich daher auf
umfangreiche Forschungs- und Entwicklungsar-
beiten auf dem Gebiet der Fernmeldetechnik
und anderer für das Postwesen nützlichen Tech-
niken. Dafür gab es in Darmstadt ausgedehnte
Laboratorien neben dem Reichspostzentralamt
in Berlin-Tempelhof, dessen Präsident Prof.
Gladenbeck war.

Diesen vorgegebenen Rahmen sprengte der
ehrgeizige Reichspostminister Ohnesorge. Er
hatte einst bei Lenard Physik studiert und
interessierte sich allgemeiner für wehrwis-
senschaftliche Probleme und schaltete zu ihrer
Bearbeitung Mitarbeiter und Einrichtungen der
Reichspost ein. Reichspost-Forschungsanstalten
entstanden in der Nachbarschaft von Berlin in
Kleinmachnow und in Miersdorf. Sie betrieben
naturwissenschaftliche Grundlagenforschung,
und das Institut in Miersdorf unter Dr.
Banneitz befaßte sich sogar ernsthaft mit
Kernphysik, wobei die Herstellung einer Atom-
bombe angestrebt wurde. Überdies spannte
Ohnesorge, der über genügend Geldmittel
verfügen konnte und auf die Hilfe des Reichs-
forschungsrates nicht angewiesen war, auch
Hochschulinstitute (wie etwa in Heidelberg)
und zudem den tüchtigen Privatforscher
Manfred von Ardenne mit seinem eigenen
Laboratorium in Berlin-Lichterfelde für seine
Forschungsziele ein. Sowohl in Miersdorf als
auch im Institut Ardennes begann der Bau
je einer 60-Millionen-Volt-Zyklotron-Anlage
und von Hochspannungsgeräten, die mit einer
Million Volt arbeiten.

The Reichspost has always had to cope with
technical tasks and therefore relied on extensive
research and development work in the field
of telecommunications technology and other
technologies useful for the postal system. To
this end, Darmstadt had extensive laboratories
alongside the Reichspost central o”ce in
Berlin-Tempelhof, whose president was Prof.
Gladenbeck.

The ambitious Reichspost Minister Ohne-
sorge went beyond this rigid framework. He
had once studied physics with Lenard and was
more interested in military science problems
in general and called in employees and insti-
tutions of the Reichspost to deal with them.
Reichspost research institutes were established
in the vicinity of Berlin in Kleinmachnow and
in Miersdorf. They carried out basic scientific
research, and the institute in Miersdorf under
Dr. Banneitz was even seriously concerned with
nuclear physics, with the aim of producing
an atomic bomb. In addition, Ohnesorge,
who had su”cient funds at his disposal and
was not dependent on the help of the Reich
Research Council, also employed university
institutes (such as Heidelberg) and the capable
private researcher Manfred von Ardenne with
his own laboratory in Berlin-Lichterfelde for
his research goals. Both in Miersdorf and at
Ardenne’s Institute, construction began on 60
million volt cyclotron facilities and on high-
voltage equipment operating at one million
volts.
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Ohnesorge hatte den Ehrgeiz, die Ergeb-
nisse seiner “posteigenen Forschung” bei Hitler
selbst vorzutragen. Deshalb verbot der Minister
seinen Wissenschaftlern die Fühlungnahme mit
Fachkollegen außerhalb des Postbereichs. So
liefen die Bemühungen von Ohnesorge um eine
Atombombe streng getrennt von den Arbeiten
an einer “Uranbombe”, die unter der Obhut
des Reichsforschungsrates und der Heereswaf-
fenamtes in einer Reihe von Forschungsstätten
in Deutschland betrieben wurden.

Die Post-Forschung erreichte auf ihrem Weg zu
einer Atombombe ansehnliche Teilerfolge. So
konnte insbesondere v. Ardenne bis Kriegsende
eine Musteranlage errichten, in der eine der
Hauptschwierigkeiten bei der Kernenergie-
Gewinnung, die Trennung der Isotopen bei den
Uran-Atomen, zufriedenstellend gelöst war.

Als Ohnesorge erstmals bei Hitler über eine
Atombombe Vortrag hielt, hatte er das Pech,
daß Hitler bereits vom Heereswa!enamt auf
die Idee einer Uranbombe aufmerksam gemacht
worden war und bezüglich einer Verwirklichung
der Idee die erste Enttäuschung hinter sich
hatte. Trotzdem ließ Hitler Ohnesorge am Bau
einer Uranbombe weiterarbeiten und wohl auch
gelegentlich darüber berichten, obwohl Hitler
nicht daran glaubte, eine Atombombe noch vor
Kriegsende nutzen oder gar zu Erringung des
Endsieges einsetzen zu können.

Ohnesorge had the ambition to present the
results of his “postal-only research” to Hitler
himself. For this reason, the minister banned
his scientists from contacting colleagues outside
the postal service. Thus the e!orts of Ohnesorge
for an atomic bomb were strictly separated
from the work on a “uranium bomb,” which
was carried out under the care of the Reich
Research Council and the Army Ordnance
O”ce in a number of research facilities in
Germany.

On its way to an atomic bomb, the postal
research achieved considerable partial suc-
cesses. Thus von Ardenne in particular was
able to erect a model plant by the end of the
war in which one of the main di”culties in
obtaining nuclear energy, the separation of the
isotopes of uranium atoms, was satisfactorily
solved.

When Ohnesorge first spoke to Hitler about
an atomic bomb, he was unlucky that Hitler
had already been made aware of the idea
of a uranium bomb by the Army Ordnance
O”ce and that he had been disappointed
with the realization of the idea. Nevertheless,
Hitler had Ohnesorge continue to work on the
construction of a uranium bomb and probably
also reported on it occasionally, although Hitler
did not believe that he would be able to use an
atomic bomb before the end of the war or even
use it to achieve the final victory.
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Boris Chertok. 2005–2012. Rockets and People. 4 vols.
Washington, DC: U.S. Government Printing O”ce.
[https://www.nasa.gov/connect/ebooks/rockets people vol1 detail.html]

[Vol. 1, pp. 217–218:] The Smersh military intelligence representative posed the following question
to us at a meeting: “The Germans have issued leaflets that say that we will not take Berlin, and
that we will receive such a blow that there won’t be any bones to gather. The Führer has a secret
weapon in store so that the Red Army will be completely annihilated on German soil. What could
that weapon be?”

Indeed, what could it be? If it were the V-2, then no matter how many of them Hitler had “in
store,” this weapon would not bother the Red Army. This much was clear to us. Chemical weapons?
using them in any form on German soil would now be more dangerous to the Germans than to us.

We decided that this was pure propaganda. And it turned out we were right. In the United States,
Germany, and the USSR, a new, top-secret weapon really was being developed—an atomic weapon.
But even we, who had access to top-secret materials, knew virtually nothing about it until 6 August
1945, when the atomic bomb was dropped on Hiroshima.

Back then, we did not know that just a stone’s throw away, a group of specialists from Kurcha-
tov’s team was already preparing to search for German atomic secrets.This team had the highest
authority, for at that time the main chief of our atomic operations was Lavrentiy Beriya himself,
and other related special committees were being directed by powerful organizers such as Vannikov
and Malyshev. We did not know that in addition to the allied armies heading toward our troops
from the west, there were also special missions being sent out to seize German rocket technology
and rocket specialists, search for nuclear physicists, and seize everything that had been done in
Germany on the new scientific frontiers—first and foremost in the fields of guided missiles, nuclear
fission, and radar.

[Vol. 1, pp. 231–233:] When asked who was considered the most prominent among the specialists in
the field of vacuum tubes, Wilki responded, “Germany is proud of Professor Manfred von Ardenne.
This is a man with big ideas. He was a great engineer and visionary.”

“Why do you say ‘was’?”

“The past two years he was working on some new idea—a new secret weapon. We don’t know
anything about it. I think it is at the Postal Ministry or the Kaiser Wilhelm Institute.

[Comments added by Chertok in the 1990s:] We were very familiar with the name Manfred von
Ardenne from prewar literature on vacuum tubes. Much later we found out that he had been in
Dahlem collaborating with German physicists who were working on the atomic bomb. The U.S.,
British, and Soviet intelligence services were hunting for a lot more information about Ardenne and
his activities. When the Americans took prisoner practically the entire German elite involved in
work on the atomic bomb, von Ardenne was not among them. He turned up in the Soviet Union
and worked very productively for many years at the Sukhumi Institute of the Ministry of Medium
Machine-Building. He was treated respectfully and high government awards were conferred on him.
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[Vol. 1, pp. 247–250:] If the Germans had managed to create an atomic bomb before the Americans
and then put two or three bombs into two or three of the many hundreds of A-4 rockets launched
at Britain, the world today might look completely di!erent. [...]

In August 1945, when we were in Thuringia, we heard on the radio about the dropping of atomic
bombs on Hiroshima and Nagasaki. We first of all tried to understand what they were talking
about.

There were no Soviet specialists among us at that time who had the slightest involvement in atomic
research. Nevertheless, our knowledge of physics helped us, in a group discussion, to assume that
the Americans had succeeded in creating a bomb by converting part of the mass of a substance
into energy, in accordance with Einstein’s famous formula: E = mc

2. There and then, we started
to question Helmut Gröttrup about what had been known in Peenemünde regarding German work
on the creation of an atomic bomb. To what extent were the German directors of the long-range
missile program—in particular Dornberger, von Braun, or their closest assistants—familiar with
the possibilities of creating an atomic bomb? Long conversations with Gröttrup enabled us to
understand that work on some sort of super-powerful explosive had been conducted in Germany.
Gröttrup was well acquainted with the names Heisenberg and von Ardenne, which I mentioned
as possible scientists who could have been working on an atomic bomb. Moreover, he said that in
the summer of 1943 the Peenemünde directors had, under great secrecy, talked about some new
powerful explosive. For the specialists at Peenemünde this was very important. They understood
that the ordinary TNT used in A-4 warheads—in quantities of 700–800 kilograms per warhead—
would produce an e!ect no greater than a conventional 1,000 kilogram bomb dropped from an
airplane.

British and American aviation had already dropped countless such bombs on German cities. Nev-
ertheless, Germany had continued to fight and had even expanded its development of new weapons.
Gröttrup recalled that he had heard about the new explosive when von Braun had been sent to
Berlin to consult with the infantry command about the prospects of increasing the power of missile
warheads.

Upon his return, von Braun did not say with whom he had met in Berlin. Gröttrup, smiling,
recalled that it had been nice to hear from his boss that the theoretical physicists, despite the very
interesting problem they were working on, had absolutely no engineering experience—in contrast
to the missile specialists, they could not imagine how they needed to organize their work in order
to transition from naked theory to “living” objects.

[Vol. 1, pp. 305–306:] We did not manage to pick up Baron Wernher von Braun through Operation
Ost, and I think that this was good both for us and for him. Despite all of his capabilities, what he
achieved in the United States would have been impossible for him to achieve in the Soviet Union. It
is true, another prominent scientist, professor, doctor, and also baron, Manfred von Ardenne, who
had worked in the Soviet Union from 1945 to 1955 at the Electrophysics Institute in Sukhumi, was
awarded the title Hero of Socialist Labor for his participation in the creation of the Soviet atomic
bomb. It should be noted, however, that von Ardenne had not been a member of the Nazi Party,
and he had not created weapons of mass destruction under the Nazis.
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Philip Morrison to Robert Furman. The German Reichspost and Nuclear Research.
24 April 1944. [NARA RG 77, Entry UD-22A, Box 170, Folder 32.60-1 GERMANY:
Summary Reports (1944)]

We now have three independent pieces of evidence that the Reichspost is interested in neutron
research or wishes us to think that:

1) Several years ago M. von Ardenne thanked the Reichspost minister, a man named
Ohnesorge, for supporting the entrance of von Ardenne’s laboratory into work in nuclear
physics.

2) In October 1943 (Naturwissenschaften, 31, p. 507) a man, otherwise unknown to
us, named D. Lyons, published a mathematical letter on the slowing down of neutrons
in homogeneous mixtures. The material of the letter is rather similar to much work
done in the early days of this project and also in the published sources. Lyons rather
ostentatiously signs his letter as coming from the O”ce for Special Physical Questions
of the Research Division of the German Reichspost (Amt für physikalische Sonderfragen
der Forschungsanstalt der Deutschen Reichspost) located in Berlin-Tempelhof.

3) The information from Swiss sources which you showed us this week mentioned that
S. Flügge has left Hahn to go to work for the Reichspost.

It will be clear to you that there is something rather odd in this a!air of the Reichspost’s becoming
interested in a field so very far from the radio and telephone research they have carried out in
the past. It is equally strange that we learn about it in such a direct way as from Lyons’ note,
but confirm it in the rather indirect way of (1) and (3) above. I would suggest that you formulate
inquiries about the activity of the Reichspost in the Tempelhof laboratories to whoever will know
most about that outfit.

[Detlof Lyons was a real researcher in the Reichspost-funded nuclear research program.]

Robert R. Furman. 10 November 1944. [NARA RG 77, Entry UD-22A, Box 167,
Folder 32.12-1 GERMANY: Personnel (Mar 43–Dec 44)]

[...] Von Ardenne is financed by Nazis. He claims he is inventing a super weapon. Swiss [Paul
Scherrer, a vocal backbiter] have dim view of his ability.

OSS London. 9 June 1944. Report No. SUN-90. Report from Switzerland. [NARA RG
77, Entry UD-22A, Box 171, Folder 32.7003-1 GERMANY: US Wartime Positive Int.
(July 42–June 44)] [See photograph on p. 3643.]

[...] The Reichs Postal Administration under the direction of Pose have installed three new high
tension laboratories of which the location is not known. Professors Fluegge and von Ardenne are
in charge. [...]

FA 002/0362. Letter from Rudolf Fleischmann to Fritz Kirchner. 18 August 1943.
Archive of Deutsches Museum Munich.

The Strassburg high-tension generator is the only one in Germany or occupied countries of 1.5
million volts except the Reichspost’s in Zeuthen-Miersdorf.
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Figure D.228: “The Reichs Postal Administration under the direction of Pose have installed three
new high tension laboratories of which the location is not known. Professors Fluegge and von
Ardenne are in charge.” Were these three calutron-based enrichment facilities? [OSS London. 9
June 1944. Report No. SUN-90. Report from Switzerland. NARA RG 77, Entry UD-22A, Box 171,
Folder 32.7003-1 GERMANY: US Wartime Positive Int. (July 42–June 44)]
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Figure D.229: DI 092.-76 FIAT. Subject: Periodic Intelligence Report 1. 2 August 1946 [TNA FO
1031/59]
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Figure D.230: DI 092.-76 FIAT. Subject: Periodic Intelligence Report 1. 2 August 1946 [TNA FO
1031/59]
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Figure D.231: DI 092.-76 FIAT. Subject: Periodic Intelligence Report 1. 2 August 1946 [TNA FO
1031/59]
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Figure D.232: DI 092.-76 FIAT. Subject: Periodic Intelligence Report 1. 2 August 1946 [TNA FO
1031/59]
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Figure D.233: DI 092.-76 FIAT. Subject: Periodic Intelligence Report 1. 2 August 1946 [TNA FO
1031/59]
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Figure D.234: DI 092.-76 FIAT. Subject: Periodic Intelligence Report 1. 2 August 1946 [TNA FO
1031/59]
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FA 002/0362. Letter from Major Calvert to Samuel Goudsmit. 8 December 1944.
Archive of Deutsches Museum Munich.

[...] A prisoner of war has been located that served as an apprentice with the “Reichspost” in the
field of telegraphy. While the prisoner of war is only seventeen years old, he has proven to be very
intelligent, fully cooperative, and his statements can be considered reliable. Moreover, he is the son
of a Berlin post o”ce employee. In his first interview he made the following statement:

Berlin-Teltow, Mawlower Chaussee (GSGS 4480/3,R6) on open field next to new houses on south
side of road, approximately opposite Moltkestrasse. PW states that the building was damaged
by air-raid in 43, and about June 43 most of the establishment was transferred to Zeuthen near
Berlin. PW went there once to install alarm wires around X-ray tubes (in his own words), which
were supposed to be used for experiments in splitting the atom. If the tubes got overheated, the
wire was supposed to melt and thus actuate the alarm.

Monthly Intelligence Summary. January 1945. [NARA RG 77, Entry UD-22A, Box
168, Folder 202.3-1 LONDON OFFICE: Combined Intell Rpts.]

II INFORMATION ON POSSIBLE T A SITES

4. Zeuthen:

Information was received from German P/W, who is a former employee of the Reichspost, that
there is a high tension apparatus located in the village of Zeuthen near Berlin. P/W stated that he
had heard that T A work was in progress at this location. Aerial photos of Zeuthen were obtained
and the P/W pinpointed the building to which he referred. The work going on at this building,
according to P/W is under the direction of the Reichspost. This information is corroborated to
some extent by information previously reported by Dr. S. A. Goudsmit as a result of his Eindhoven
investigation.
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U.S. Army Air Forces General Henry H. Arnold. 1949. Global Mission. New York:
Harper. pp. 491, 534. [See also AFHRA 43811 electronic pp. 1080–1081.]

In May, 1943, we received information from Zurich that Professor Max Planck, at the Kaiser
Wilhelm Institute, in collaboration with Dr. Otto Hahn, was working on the splitting of the uranium
atom. Also that other German scientists were on the threshold of solving this great and dangerous
secret.

The Germans were supposed to have perfected an electric machine which would make it possible to
complete the development of the atomic bomb. I was then asked to have our bombers in England
make special missions against the various branches of the Kaiser Wilhelm Institute in Berlin. Prior
to that, the British had destroyed a plant at Norway where the Germans had been experimenting
with other phases of this project. [...]

When it came to establishing the Target Folders that would give us the size, location, general
characteristics, special distinguishing marks, the type of construction, and other details necessary
for bombing operations against a target like the complexes of the I. G. Farben Company, or the
Krupp Works—such data did not exist in the United States. Accordingly, the Air Force had no
recourse but to go to other sources for its information.

[“An electric machine which would make it possible to complete the development of the atomic
bomb” sounds like an electromagnetic separator. Arnold said it was somewhere in the Berlin area
and was bombed. The Kaiser Wilhelm Institute is not known to have had such a machine, but the
Reichspost did—is that what Arnold meant?]
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D.4.4 Uranium-235 Enrichment via Gaseous Di!usion

[Gustav Hertz (German, 1887–1975) developed gaseous di!usion methods of separating isotopes,
starting sometime before 1923. See pp. 3653–3663. By 1932 he was achieving and publishing good
results demonstrating separation of isotopes other than uranium. Did Hertz or others seriously
pursue uranium enrichment via gaseous di!usion in Germany during the Third Reich? He worked
at Siemens (one of the two largest German electrical equipment companies) throughout the Third
Reich; exactly what he did is unclear, but his work was so important to the government that
he was not harmed even though he was partially Jewish. At the end of the war, Stalin was so
impressed by whatever he knew of Hertz’s wartime work that he o!ered Hertz his own lab in
the Soviet Union, where he then developed gaseous di!usion uranium enrichment methods for the
postwar Soviet nuclear weapons program (pp. 3664–3672). Hertz’s gaseous di!usion methods were
also implemented by scientists at Oak Ridge as one of the main uranium enrichment methods in
the United States during and after the war.

In 1927, Erika Cremer (German, 1900–1996) completed her Ph.D. research on (chemical) chain
reactions under Max Bodenstein (p. 542). Building upon the pioneering work by Hertz, she began
developing improved methods of gaseous di!usion enrichment and gas chromatography in the late
1930s and continued throughout World War II (p. 3674). She worked directly with Otto Hahn and
Siegfried Flügge, among others. It seems likely that her work involved gaseous di!usion methods
of separating uranium isotopes for the German nuclear program, though little documentation is
currently publicly available. Cremer continued to work on gas chromatography after the war, and
is best known for her postwar demonstrations and publications on gas chromatography, including
those with her student Fritz Prior (Austrian, 1921–1996) [Bobleter 1997].

Hubert Krüger (German, 18??–19??, p. 3663), Rudolf Fleischmann (German, 1903–2002, p. 3673),
and others also worked on gaseous di!usion enrichment.

Beginning in 1940, Auergesellschaft [probably Nikolaus Riehl (German, 1901–1990)] patented an
industrial-scale uranium enrichment process that appears to have combined aspects of gaseous
thermal di!usion and the PUREX process. See pp. 3675–3680. These patent documents prove that
Auergesellschaft was involved not only in refining uranium from ore, but also in separating uranium
isotopes. They also demonstrate that from the beginning of the war, Germany was interested in
developing industrial-scale uranium enrichment, not merely small-scale laboratory experiments.

During the war, Erich Bagge (German, 1912–1996) led a team that invented, built, and demon-
strated the “isotope sluice,” an alternative form of gaseous di!usion enrichment. See pp. 3685–3696.

Based upon the successful laboratory demonstrations by Gustav Hertz, Erika Cremer, Hubert
Krüger, Rudolf Fleischmann, Auergesellschaft, Bagge, and others, did Germany indeed build and
operate large-scale gaseous di!usion plants for enriching uranium during the war?]
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Figure D.235: One of Gustav Hertz’s first patents on gaseous di!usion for enrichment, filed in 1923
[U.S. Patent 1,486,521. Method of Separating Gases from a Mixture Thereof].
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Figure D.236: One of Gustav Hertz’s first patents on gaseous di!usion for enrichment, filed in 1923
[U.S. Patent 1,486,521. Method of Separating Gases from a Mixture Thereof].
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Figure D.237: One of Gustav Hertz’s first patents on gaseous di!usion for enrichment, filed in 1923
[U.S. Patent 1,486,521. Method of Separating Gases from a Mixture Thereof].
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Figure D.238: Another of Gustav Hertz’s first patents on gaseous di!usion for enrichment, filed in
1923 [U.S. Patent 1,498,097. Apparatus for Separating Gases from a Mixture Thereof].
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Figure D.239: Another of Gustav Hertz’s first patents on gaseous di!usion for enrichment, filed in
1923 [U.S. Patent 1,498,097. Apparatus for Separating Gases from a Mixture Thereof].



3658 APPENDIX D. ADVANCED CREATIONS IN NUCLEAR ENGINEERING

Figure D.240: One of Gustav Hertz’s patents showing that many gaseous di!usion units could
be used in series to achieve high-quality enrichment [Austrian Patent AT 107,571. Verfahren zur
ununterbrochenen Trennung eines Gasgemisches].
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Figure D.241: One of Gustav Hertz’s patents showing that many gaseous di!usion units could
be used in series to achieve high-quality enrichment [Austrian Patent AT 107,571. Verfahren zur
ununterbrochenen Trennung eines Gasgemisches].
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Figure D.242: One of Gustav Hertz’s patents showing that many gaseous di!usion units could
be used in series to achieve high-quality enrichment [Austrian Patent AT 107,571. Verfahren zur
ununterbrochenen Trennung eines Gasgemisches].
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Figure D.243: Samuel K. Allison to Leslie R. Groves. 27 January 1944. “[D]ue to the fact that the
enemy was considerably in advance of us in certain work of the K-25 [gaseous di!usion enrichment]
type before the war, there is a high probability that if he is doing anything of military interest in
our field, he is operating along this line.” [NARA RG 77, Entry UD-22A, Box 170, Folder 32.60-1
GERMANY: Summary Reports (1944)]
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Gustav Hertz. 1932. Ein Verfahren zur Trennung von gasförmigen Isotopengemischen
und seiner Anwendung auf die Isotopen des Neons. [Process for the separation of
gaseous mixtures of isotopes and its application to the isotopes of neon.] Zeitschrift
für Physik 79:108–131, 700.

Das Verfahren benutzt die Di!usion durch eine
poröse Wand ins Vakuum. Es ermöglicht die gle-
ichzeitige Wirksamkeit einer großen Zahl von Dif-
fusionszellen und damit eine weitgehende Entmis-
chung eines Isotopengemisches in einem einzigen Ar-
beitsgang. Die ausgeführte Apparatur, welche 24
Pumpen und 48 Tonrohre enthält, ergibt bei ein-
maliger Anwendung auf die Isotopen des Neons
in wenigen Stunden eine Änderung des Isotopen-
verhältnisses um nahezu den Faktor 8. Durch wieder-
holte Anwendung ist eine weitergehende Trennung
möglich. Es werden Massenspektrogramme und op-
tische Spektren von Neon-Isotopengemischen ver-
schiedener Zusammensetzung reproduziert.

The process uses di!usion through a
porous wall into a vacuum. It allows the si-
multaneous e!ectiveness of a large number
of di!usion cells and thus extensive segre-
gation of a mixture of isotopes in a single
operation. The executed apparatus, which
contains 24 pumps and 48 clay tubes, when
applied once to the isotopes of neon, results
in a change in the isotopic ratio by a fac-
tor of nearly 8 in a few hours. More exten-
sive separation is possible by repeated ap-
plication. Mass spectrograms and optical
spectra of neon isotope mixtures of vari-
ous compositions are reproduced.

Gustav Hertz. 1932. Ein Verfahren zur Trennung von gasförmigen Isotopengemis-
chen. [A process for the separation of gaseous isotope mixtures.] Naturwissenschaften
20:493–494.

Gustav Hertz. 1933. Reindarstellung des schweren Wassersto”sotops durch Di!usion.
[Manufacture of Pure Heavy Hydrogen Isotope by Di!usion.] Naturwissenschaften
21:884–885.
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H. Harmsen, Gustav Hertz, and Werner Schütze. 1934. Weitere Versuche zur Iso-
topentrennung. [Further experiments on isotope separation.] Zeitschrift für Physik
90:703–711.

Die Leistungsfähigkeit der früher beschriebenen
Apparatur zur Trennung von gasförmigen Iso-
topengemischen ist durch Verdoppelung der Zahl
der Trennungsglieder sowie durch Benutzung
größerer Pumpen bei einem Teil der Trennungs-
glieder so weit erhöht worden, daß bereits durch
einmalige Anwendung des Verfahrens aus normalem
Neon das Isotop 22 praktisch rein hergestellt wer-
den kann. Auch das schwere Wassersto”sotop läßt
sich mit Hilfe der Apparatur in großer Rein-
heit darstellen. Ausgehend von einem Wassersto!,
welcher etwa 1o/oo des schweren Isotops enthält,
ergibt sich in 8 Stunden 1 cm3 spektralreiner schw-
erer Wassersto! von Atmosphärendruck.

The e”ciency of the previously described
apparatus for the separation of gaseous iso-
topic mixtures has been increased by dou-
bling the number of separation elements
and by using larger pumps for some of the
separation elements to such an extent that
the isotope 22 can be produced practically
pure from normal neon just by using the
process once. The heavy hydrogen isotope
can also be produced in great purity with
the aid of the apparatus. Starting from a hy-
drogen containing about 1o/oo of the heavy
isotope, 1 cm3 of spectrally pure heavy hy-
drogen of atmospheric pressure is obtained
in 8 hours.

Gustav Hertz. 1934. Ein Verfahren zur Trennung von Isotopengemischen durch Di!u-
sion in strömendem Quecksilberdampf. [Process for the separation of isotope mixtures
by di!usion in flowing mercury vapour.] Zeitschrift für Physik 91:810–815.]

Das früher angegebene Verfahren zur Trennung
von Isotopengemischen wird dadurch verbessert,
daß an Stelle der Di!usion durch eine poröse
Wand die Di!usion in strömendem Quecksil-
berdampf zur Trennung verwandt wird. Hierzu
wird eine Di!usionspumpe besonderer Bauart be-
nutzt, welche die Eigenschaft hat, aus einem Gas-
gemisch bevorzugt die schneller di!undierenden Be-
standteile zu pumpen. Aus zwölf solchen Pumpen
wird eine Apparatur zusammengesetzt, welche für
die Neonisotopen eine Änderung des Isotopen-
verhältnisses um etwa den Faktor 10 ergibt.

The method described earlier for separat-
ing isotope mixtures is improved by using
di!usion in flowing mercury vapor instead
of di!usion through a porous wall. For this
purpose, a di!usion pump of special design
is used, which has the property of prefer-
entially pumping the more rapidly di!using
components out of a gas mixture. An appa-
ratus is assembled from twelve such pumps,
which results in a change of the isotope ra-
tio for the neon isotopes by a factor of about
10.

Hubert Krüger. 1939. Über die Anreicherung des N15-Isotops und einige spektroskopis-
che Untersuchungen am N15. [About the Enrichment of the N15 Isotope and Some
Spectroscopic Investigations of N15.] Zeitschrift für Physik 111:467–474.

Mit einer 42 gliedrigen Hertzschen Isotopentren-
nungsapparatur konnten Anreicherungen des
N15-Isotops von N14:N15=4:1 erreicht werden.

With a 42-stage Hertz isotope separation ap-
paratus, enrichments of the N15 isotope of
N14:N15=4:1 could be achieved.
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Pavel V. Oleynikov. 2000. German Scientists in the Soviet Atomic Project. Nonprolif-
eration Review 7:2:1–30.

Gustav Hertz was probably the most eminent scientist among all the Germans who went to work
in the Soviet Union. He received the Nobel Prize in physics in 1925 for his work with James Franck
demonstrating the quantized nature of atomic excitation potentials. In 1932, he conducted the first
experiments into separation of neon isotopes by the di!usion method. At the time of his transfer
to the Soviet Union, he was the head of Siemens Research Laboratory. [...]

Hertz arrived at Sukhumi together with von Ardenne and was given a separate institute—Institute
“G” at Agudzery. [...] The topics assigned to Institute “G” were:114

• separation of isotopes by di!usion in a flow of inert gas (leader—Gustav Hertz);

• development of a condensation pump (leader— Muellenpford); and

• development of a theory of stability and control of a di!usion cascade (leader—Heinz Bar-
wich).

[...] German scientists substantially contributed to the Soviet’s e!orts to design a membrane for
gaseous di!usion technology. In early 1946, Laboratory No. 2 (now the Kurchatov Institute) issued
a classified request for a proposal to design a flat membrane.175 Fifteen organizations submitted
their designs. The Moscow Combine of Hard Alloys (MKTS) won the competition. In their design,
nickel powder was poured into a mold atop a vibrating table. After some vibration to compact the
powder and level its surface, the tray was baked in an oven until the powder was partially melted
and formed a ceramic-like porous plate. After the addition of some strengthening elements, the
plate was turned into a membrane ready for use. After tests, however, it was found that nearly 10
percent of all pores in such a membrane would let any molecule go through (i.e., were too big to
perform the separation function), and that the operating pressure of such membranes was 20 to
30 millimeters (mm) of mercury (Hg) column, a feature that would lead to large losses of electric
power, a waste of compressor power, and extremely high requirements on the air-tightness of the
machinery.

German groups in Institutes “A” and “G” joined the competition some time in 1947 and started to
work on designs for tubular membranes that were expected to be more e”cient. Peter Thiessen’s
group in Institute “A” focused on a lattice-type filter: a nickel lattice with 10,000 holes per square
centimeter was covered by fine-grain nickel carbonyl and baked in an oven. Afterwards, the mesh
was bent and welded into tubes. It was discovered that Soviet industry at the time was unable to
duct nickel wire finely enough to make the required lattice. For some time the necessary wire and
the lattice were ordered from Berlin.176 Although Peter Thiessen later received a Stalin Prize for
his work in the area of gaseous di!usion, it is unlikely that he personally invented the membrane.
Rudenko and Kruglov mention that a Dr. [Werner] Schütze received a Stalin Prize in 1948 for
design of a di!usion membrane.177

Both German and Russian sources state that Thiessen’s design had an unpredictable nature and
was more appropriate for a lab bench than mass production; Zavenyagin derided his process as
“artisanship.”178 Nickel carbonyl powder was manually sprayed on flat lattices and then these were
pressed by rolls. Given the huge surface area of di!usion membranes, manual spraying was a real
drawback. The need to do it manually disappeared only in 1952 when a way to automate this
tedious process was found.179
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The German group in Institute “G” was headed by a former pharmacist, Reinhold Reichmann.
He was working on a mouthpiece type of membrane that could be extruded and would require
no welding. Reichmann first experimented with copper and silver, then with nickel. Reichmann’s
solution clearly had its roots in his previous occupation—he mixed nickel with dimethylgloxin
and then with a mild pain killer, clove pinks oil.180 The mixture was then extruded and baked.
Reichmann died soon after his discovery, and a Stalin Prize was awarded to him posthumously in
1948.181

Both types of tubular filters developed by the German teams, after tests in Laboratory No. 2,
were approved for use in second-generation di!usion machines.182 It was decided to send Thiessen’s
group to Plant No. 12 in Elektrostal, and Reichmann’s group (headed then by V.N. Yeremin and
his wife) to the MKTS. Beginning in 1949, these two plants started to manufacture all filters for
di!usion machines.

The new filters could be used at pressures up to 50 mm of Hg column. This meant that—without
any changes in the gaseous di!usion plant’s design—its capacity could be increased by a factor of
2 or 2.5, provided its compressors could work at higher pressures. Tubular filters were first used in
the second-generation di!usion machines that formed the basis of the second di!usion plant, the
D-3 plant at Sverdlovsk-44.183 In 1953, Zavenyagin decided that the production of di!usion filters
should be transferred to the Sverdlovsk-44 site in the Urals.184 [...]

At the NKVD’s instruction, in late 1945 Hertz and his colleagues in Institute “G” started devel-
opment of a control theory for di!usion cascades. Cascades connect a large number of individual
di!usion stages in which the isotope of interest is gradually separated from the initial feed gas.
Hertz and Barwich were calculating requirements for pumps in the di!usion cascades, and also
acceptable losses of uranium hexafluoride due to corrosion in the cascades. Also, from theoretical
calculations they determined percolation (i.e., a statistical description of a particle’s path through
a filter) in a membrane and the diameter of pores in a filter. In 1946, Barwich worked out a theory
of natural stability of separation cascades that led to a reduction in the number of compressors in
the design of the enrichment plant and a reduction in the time the material stayed inside the plant.
[...]

In 1948, the first gaseous di!usion plant in the USSR, D-1, was put into operation. It contained 6,200
di!usion machines installed in 56 enrichment cascades.185 The D-1 plant had problems.186 Ball-
bearings in compressors were made too precisely, without proper tolerances for thermal expansion,
and quickly failed. Infusions of uranium hexafluoride into the plant were not leading to any product
at the output. The situation was catastrophic. Among the luminaries brought in to help solve
the problem in October 1948 were Gustav Hertz, Heinz Barwich, and Peter Thiessen.187 Because
they did not know the o”cial name of the secret facility, the trio christened it “Kefirstadt” (now
Sverdlovsk-44 or Novouralsk) after the “kefir” milk drink that they were given there every day for
more than a month.188

The D-1 plant’s greatest problem was corrosion. In the presence of water, uranium hexafluoride
turned into tetrafluoride and stuck to the surfaces of the cascades as a powder. To fix this, all
workshops were put under air hoods where they were supplied with dehumidified air. Also, nearly
5,000 leaky compressors were replaced in the plant. Peter Thiessen, with his co-worker from Sukhumi
Prof. Karzhavin, proposed using a heated fluorine-air mixture to passivate (i.e., give a protective
coating to) all internal surfaces of the cascades to reduce future corrosion by tetrafluoride.189 [...]
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The first awards for uranium enrichment technologies were presented in 1951 after the successful
tests of a nuclear bomb containing uranium (the earlier Soviet test in 1949 involved a plutonium
bomb).191 Thiessen was awarded a first class Stalin Prize, while Hertz, Barwich, and their Russian
colleague Krutkow received a second class award.192

114 Kruglov, Kak sozdavalas atomnaja promyshlennost v SSSR, pp. 165–166. [...]

175 N.M. Sinjov, Obogaschjonny uran dlja atomnogo oruzhija i energetiki (Enriched Uranium for
Atomic Weapons and Energy Production) (Moscow: TsNIIAtominform, 1991), pp. 39–40.

176 Russian respect for Germany and its industry was well-founded. Even in times of war Germany
was able to produce products much superior to anything in the Soviet Union. See, for example,
B. Chertok, Rakety I Ljudi, where he mentions that the Germans had used nearly 80 metals and
alloys in their V-2 rocket, while Soviet industry was capable of producing less than 40.

177 Rudenko, “Yaderny Plagiat,” p.10; Kruglov, Kak sozdavalas atomnaja promyshlennost v SSSR,
p.167.

178 Barwich, Das rote Atom, p. 147.

179 Mikhailov and Petrosjants, Sozdanije pervoi sovetskoi atomnoi bomby, p. 331.

180 Clove pinks oil was used as a mild pain killer by dentists. It relieves pain when it evaporates.

181 Albrecht, Heinemann-Grueder, and Wellmann, Die Spezialisten, p. 67.

182 Amazingly, there was strong opposition to this decision. The Gorkiy machine plant that won
the contract to manufacture the first-generation machines with flat filters was against the idea,
while the design bureau from the Elektrosila plant in Leningrad, which was still trying to promote
its designs, wanted to adopt the new technology. In his book, Sinjov openly speaks of “revenge by
Gorkiy people.” Even huge projects do not kill envy in people! See Sinjov, Obogaschjonny uran dlja
atomnogo oruzhija i energetiki, p. 42.

183 Sverdlovsk-44 is now also known as Novouralsk. Ibid., pp. 43–44.

184 Kruglov, Kak sozdavalas atomnaja promyshlennost v SSSR, p. 175.

185 Ibid., p. 185.

186 Ibid.

187 Barwich, Das rote Atom, p. 103

188 Klaus Thiessen, telephone conversation with author, July 9, 1999.

189 Kruglov, Kak sozdavalas atomnaja promyshlennost v SSSR, p. 186. [...]

191 V. Zhuchikhin, Vtoraja atomnaja (The Second Atomic Bomb) (Snezhinsk, Russia: RFNC-
VNIIEF, 1995), p. 110.

192 Albrecht, Heinemann-Grueder, and Wellmann, Die Spezialisten, pp. 74–75.
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Moe Berg. 1952. Handwritten notes. [Princeton University Library, Special Collec-
tions, Moe Berg Papers (C1413), Box 20, Folder 3—Loose Notes: Central Intelligence
Agency.] [See photos on pp. 5098–5109.]

3. Industrial contrib. without [outside] USSR

• most nickel wire mesh for use as a barrier backing for the gaseous di!usion plant by East
German factories–altho reports: such prod. in Moscow area

• Re nickel wire for these screens, as well as looms for it, are also prod’s of East German firms.

• apparently only EMIL JAEGER firm NEUSTADT/ORLA capable of making looms of the
quality req’d in prod. of fine nickel wire mesh.

[...] by mid-1948, USSR had started prod. of the fine nickel wire mesh needed as backing for their
barrier. This wire mesh is extremely di”cult to produce, + only a few firms in the Soviet zone of
Germany + apparently none in USSR, could make this product.

[Leftover wartime factories in Neustadt an der Orla, East Germany, were perfectly set up to make
high-quality nickel membrane filters for gaseous di!usion uranium enrichment plants.

See pp. 3668–3672, 5098, 5101–5103. Manufacturing the filters was so di”cult that even years after
the war, Soviet plants could not make comparable items.

What exactly did these German factories do during the war? Did wartime Germany build gaseous
di!usion uranium enrichment plants?

See also reports on large-scale production of nickel in Germany during the war (p. 4176).]
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Ein Riese mit Fingerspitzengefühl: Drahtwebstuhl läuft in der Ausstellung “Aufbau
West” auf Zollern [A Giant with Flair: Wire Loom Runs in the Exhibition “Develop-
ment West” at Zollern]. LWL. 22 December 2005.
https://www.lwl.org/pressemitteilungen/nr mitteilung.php?urlID=15584

Teilweise demontiert und durch die DDR-
Regierung enteignet, stand die Maschinenfabrik
Emil Jäger im thüringischen Neustadt/Orla in
der Nachkriegszeit faktisch vor dem Aus. Der
Firmenchef floh 1948 in den Westen, um hier sein
Familienunternehmen wieder aufzubauen. Eine
solide Grundlage für den Neubeginn war nicht
nur die Tatsache, dass ihm viele Fachkräfte aus
Thüringen folgten, sondern vielmehr der glückliche
Umstand, dass Jäger schon während des Krieges
Sicherheitsverfilmungen seiner Maschinenpläne
anfertigen lassen hatte. Neben dem Wissen im
Kopf waren diese rund 1.500 Kleinbildaufnahmen
das Fundament für den Neubeginn.

Für einen erfolgreichen Start im Westen sorgte
1948 das Angebot der “Westfälischen Union”:
Jäger sollte die Maschinen für die Neueinrichtung
einer Drahtweberei in Hamm bauen. Das damals
führende Unternehmen der deutschen Drahtin-
dustrie stellte dafür Platz auf dem werkseigenen
Gelände, Maschinen sowie Geld zur Verfügung.
Am 1. Juli 1949 war der erste Drahtwebstuhl
fertig. [...]

Platzmangel in Hamm sowie ein günstiges
Angebot brachten Emil Jäger 1952 schließlich
dazu, seinen Betrieb nach Münster zu verlagern.
Hier nahm er in den zerstörten Hallen der ehemali-
gen Flugzeugfabrik Hansen die Produktion wieder
auf und die Erfolgsgeschichte des Unternehmens
ging weiter: Die 500. Maschine wurde im Mai 1956
fertiggestellt, die 1000. folgte im Frühjahr 1961. In
den 1960er Jahren avancierte Emil Jäger bereits
zum größten Hersteller der Welt.

Partially dismantled and expropriated by the
GDR government, the Emil Jäger machine
factory in Neustadt/Orla in Thuringia was
e!ectively on the brink of extinction in the
post-war period. The company boss fled
to the West in 1948 to rebuild his family
business here. A solid foundation for the
new start was not only the fact that many
skilled workers from Thuringia followed him,
but rather the fortunate circumstance that
Jäger had already had safety films made
of his machine plans during the war. In
addition to the knowledge in his head, these
approximately 1,500 35mm photographs were
the foundation for the new start.

In 1948, an o!er from “Westfälische Union”
ensured a successful start in the West: Jäger
was to build the machines for the new estab-
lishment of a wire weaving mill in Hamm.
The leading company in the German wire
industry at the time provided space on its
own premises, machines and money. On 1
July 1949, the first wire loom was ready. [...]

A lack of space in Hamm and a favor-
able o!er finally led Emil Jäger to relocate
his business to Münster in 1952. Here he
resumed production in the destroyed halls
of the former Hansen aircraft factory, and
the company’s success story continued: the
500th machine was completed in May 1956,
followed by the 1000th in spring 1961. By the
1960s, Emil Jäger had already advanced to
become the world’s largest manufacturer.
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Figure D.244: Leftover wartime factories in Neustadt an der Orla, East Germany, were perfectly set
up to make high-quality nickel membrane filters for gaseous di!usion uranium enrichment plants.
Did those factories produce such filters for German enrichment plants during the war?
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Figure D.245: Leftover wartime factories in Neustadt an der Orla, East Germany, were perfectly set
up to make high-quality nickel membrane filters for gaseous di!usion uranium enrichment plants.
Did those factories produce such filters for German enrichment plants during the war?
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Figure D.246: Leftover wartime factories in Neustadt an der Orla, East Germany, were perfectly set
up to make high-quality nickel membrane filters for gaseous di!usion uranium enrichment plants.
Did those factories produce such filters for German enrichment plants during the war?
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Figure D.247: Leftover wartime factories in Neustadt an der Orla, East Germany, were perfectly set
up to make high-quality nickel membrane filters for gaseous di!usion uranium enrichment plants.
Did those factories produce such filters for German enrichment plants during the war?
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Figure D.248: Rudolf Fleischmann. 1940–1941. Notebook containing detailed notes on gaseous
di!usion experiments, gaseous di!usion enrichment data, and results of meetings on nuclear physics
[G-346].
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Figure D.249: Erika Cremer did her Ph.D. research on (chemical) chain reactions, collaborated with
Otto Hahn and Siegfried Flügge, pioneered gas chromatography, and worked on isotope separation
during World War II. Were her methods implemented on a larger scale for the enrichment of
uranium via gaseous di!usion?
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Figure D.250: Beginning in 1940, Auergesellschaft (probably Nikolaus Riehl) filed patents on an
industrial-scale uranium enrichment process that combined aspects of gaseous thermal di!usion
and what later became known as the PUREX process.
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Figure D.251: Beginning in 1940, Auergesellschaft (probably Nikolaus Riehl) filed patents on an
industrial-scale uranium enrichment process that combined aspects of gaseous thermal di!usion
and what later became known as the PUREX process.
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Figure D.252: Beginning in 1940, Auergesellschaft (probably Nikolaus Riehl) filed patents on an
industrial-scale uranium enrichment process that combined aspects of gaseous thermal di!usion
and what later became known as the PUREX process.
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Figure D.253: Beginning in 1940, Auergesellschaft (probably Nikolaus Riehl) filed patents on an
industrial-scale uranium enrichment process that combined aspects of gaseous thermal di!usion
and what later became known as the PUREX process.
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Figure D.254: Beginning in 1940, Auergesellschaft (probably Nikolaus Riehl) filed patents on an
industrial-scale uranium enrichment process that combined aspects of gaseous thermal di!usion
and what later became known as the PUREX process.
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Figure D.255: Beginning in 1940, Auergesellschaft (probably Nikolaus Riehl) filed patents on an
industrial-scale uranium enrichment process that combined aspects of gaseous thermal di!usion
and what later became known as the PUREX process.


