
Chapter 7

Creators and Creations in Mechanical
Engineering

Fest gemauert in der Erden
Steht die Form, aus Lehm gebrannt.
Heute muß die Glocke werden.
Frisch Gesellen, seid zur Hand.
Von der Stirne heiß
Rinnen muß der Schweiß,
Soll das Werk den Meister loben,
Doch der Segen kommt von oben.

Zum Werke, das wir ernst bereiten,
Geziemt sich wohl ein ernstes Wort;
Wenn gute Reden sie begleiten,
Dann fließt die Arbeit munter fort.
So laßt uns jetzt mit Fleiß betrachten,
Was durch die schwache Kraft entspringt,
Den schlechten Mann muß man verachten,
Der nie bedacht, was er vollbringt.
Das ist’s ja, was den Menschen zieret,
Und dazu ward ihm der Verstand,
Daß er im innern Herzen spüret,
Was er erscha↵t mit seiner Hand.

Nehmet Holz vom Fichtenstamme,
Doch recht trocken laßt es sein,
Daß die eingepreßte Flamme
Schlage zu dem Schwalch hinein.
Kocht des Kupfers Brei,
Schnell das Zinn herbei,
Daß die zähe Glockenspeise
Fließe nach der rechten Weise.

Walled up in the earth so steady
Burned from clay, the mould doth stand.
This day must the Bell be ready!
Fresh, O workmen, be at hand!
From the heated brow
Sweat must freely flow,
That the work may praise the Master,
Though the blessing comes from higher.

Our work in earnest preparation,
Befitteth well an earnest word;
When joined by goodly conversation,
Then flows the labor briskly forw’d.
So let us now with care consider,
What through a frail power springs forth:
The wicked man one must have scorn for,
Who ne’er reflects, what he brings forth.
This it is, what all mankind graceth,
And thereto his to understand,
That he in inner heart so traceth,
What he createth with his hand.

Take the wood from trunk of spruce tree,
Yet quite dry let it abide,
That the flame compressed so tightly
Strike the gullet deep inside!
Cook the copper brew,
Quick the tin in, too!
That the glutinous bell-metal
Flowing rightly then will settle!
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Was in des Dammes tiefer Grube
Die Hand mit Feuers Hülfe baut,
Hoch auf des Turmes Glockenstube
Da wird es von uns zeugen laut.
Noch dauern wird’s in späten Tagen
Und rühren vieler Menschen Ohr
Und wird mit dem Betrübten klagen
Und stimmen zu der Andacht Chor.
Was unten tief dem Erdensohne
Das wechselnde Verhängnis bringt,
Das schlägt an die metallne Krone,
Die es erbaulich weiterklingt.

What in the dam’s dark cavern dour
The hand with fire’s help did mould,
High in the belfry of the tower
There will our story loud be told.
Still will it last as years are tolling
And many ears will it inspire
And wail with mourners in consoling
And harmonize devotion’s choir.
What here below to son terrestr’al
The ever-changing fate doth bring,
Doth strike the crown which made from metal,
Uplifting it doth sound its ring.

Friedrich Schiller. 1798. Das Lied von der Glocke [The Song of the Bell].
English verse translation by Marianna Wertz.

This chapter gives an overview of some innovations in mechanical engineering that have played
major roles in the modern world and that were invented or discovered by scientists and engineers
who were trained in the predominantly German-speaking central European research world in the
nineteenth and early twentieth centuries.1 Creators from the German-speaking world made major
contributions to writing and printing technology, musical instruments, internal combustion engines
and motor vehicles, civil engineering, handheld weapons, ocean engineering, and other aspects of
mechanical engineering. Scientists and engineers from the German-speaking world also made nu-
merous contributions to overlapping and related areas of engineering listed in Chapters 6 (electrical
and electromagnetic engineering), 8 (nuclear engineering), and 9 (aerospace engineering).

1In addition to specific references that are cited in di↵erent areas throughout this chapter, this chapter makes
use of general biographical and project information from: ACLS 2000; Albrecht et al. 1992; Ash and Söllner 1996;
Bar-Zohar 1967; Bower 1987; Bunch and Hellemans 2004; Challoner 2009; Cornwell 2003; Crim 2018; EB 1911, 2010;
Gillispie 1970–1990; Gimbel 1990a; Glatt 1994; Hall 2019; István Hargittai 2006, 2011; Linda Hunt 1991; Impey et
al. 2008; Jacobsen 2014; Koertge 2007; Kurowski 1982; Lasby 1971; Lusar 1956, 1971; Medawar and Pyke 2000; Mick
2000; Murray 2003; Nachmansohn 1979; NDB 1953–2020; Neufeld 2012; Nouzille and Huwart 1999; O’Reagan 2014,
2019; Porter 1994; Charles Walker 1946; Peter Watson 2010; Weitensfelder 2009.

For general overviews of large portions of the history of mechanical engineering in the German-speaking world, see:
Buchheim and Sonnemann 1990; Bunch and Hellemans 2004; Cardwell 1995; Challoner 2009; Gööck 2000; Heckl
2010, 2011; Heßler 2012; Jankowsky 2000; König 2000, 2009; König and Schneider 2007; Ludwig 1974; Lundgreen
and Grelon 1994; Radkau 1989, 2016; Technisches Museum Wien 2011; Weitensfelder 2009, 2013.

I have deliberately left a blank space where images of some creators or creations should go.
Those are people or projects that I felt were important enough that they should definitely be shown in this book,
yet I have not yet been able to locate a suitable image that I have permission to use, despite my searches in Europe
and in the United States. If readers have any relevant images and could send them to me, I would be very grateful
and will include them in future editions of this book. Even where a suitable photo cannot be located, I believe that
leaving a blank space pays tribute both to the scientific importance of that creator or creation and to how that
historical fact has been very nearly forgotten.
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7.1 Writing and Printing

German-speaking creators made many of the major innovations in writing and printing.2

Although this event preceded the time period that is the primary focus of this book, it would be
impossible not to mention that Johannes Gutenberg (ca. 1400–1468) invented the printing press
around 1436; see Fig. 7.1 [Eisenstein 2005; Febvre and Martin 2010; Füssel 2004; Kapr 1996].
Donald Cardwell, a professor of the history of technology, described the enormous significance of
Gutenberg’s innovations [Cardwell 1995, p. 55]:

Gutenberg’s printing press revolutionized the publication of books. The first known
printed book, produced at Mainz in 1455, was the Gutenberg Bible. It has been es-
timated that more books were published in the first fifty years following Gutenberg
(up, that is, to the beginning of the sixteenth century) than had been produced in the
previous thousand years. A twentyfold increase in productivity is highly impressive and
it would not be unreasonable to regard Gutenberg as the first production engineer.
Furthermore, it is easy to overlook Gutenberg’s achievement of complete interchange-
ability in manufacture; each little unit of type could be used over and over again and
fitted between any other little units[...] Finally, his invention brought about the first
revolution in information technology. It was to be a long time—two hundred and fifty
years—before another invention as dramatic and as important as Gutenberg’s was to
be made.

Karl von Drais (1785–1851) created a paper music recorder in 1812 and the first keyboard typewriter
in 1821, as shown in Fig. 7.2 [Ebeling 1985; Lessing 2003, 2010; Michael Rauck 1983]. He also
invented the first bicycle (p. 1094).

Peter Mitterhofer (1822–1893) developed an improved typewriter in 1864; see Fig. 7.3 [Lassnig
1993; Technisches Museum Wien 2005; Waize 2003].

In 1844, Friedrich Gottlob Keller (German, 1816–1895) invented a wood-grinding machine for mass-
producing paper (Fig. 7.4). Prior to that time, paper had been made from cloth rags, which were
in short supply and therefore greatly limited the maximum production rate and minimum cost
of paper. Machines based on Keller’s design revolutionized the production of paper and quickly
became used worldwide.

As shown in Fig. 7.5, the brothers László B́ıró (1899–1985) and György B́ıró (18??–19??) developed
the ballpoint pen during the period 1931–1938.

Friedrich Soennecken (1848–1919) invented the paper hole punch and ring binders for hole-punched
papers in 1886; see Fig. 7.6 [Hellbeck 2008].

Alois Senefelder (1771–1834) developed lithography for printing illustrations beginning in 1796, as
shown in Fig. 7.7. The Encyclopedia Britannica described how Senefelder developed his invention
[EB 2010]:

2For coverage of di↵erent aspects of this area, see especially: Ebeling 1985; Eisenstein 2005; Febvre and Martin
2010; Füssel 2004; Halkasch 1993; Hellbeck 2008; Kapr 1996; Kasischke 1999; Lassnig 1993; Lessing 2003, 2010;
Michael Rauck 1983; Max Rößler 1982; Schlesinger 1989; Schmidt-Bachem 2011; Technisches Museum Wien 2005;
Waize 2003; Wolf 1974.
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German inventor of lithography. [...] Desiring to publish plays that he had written
but unable to a↵ord the expensive engraving of printing plates, Senefelder tried to
engrave them himself. His work on copper plates was not proving very successful when
an accident led to his discovery of the possibilities of stone (1796). Senefelder records
that one day he jotted down a laundry list with grease pencil on a piece of Bavarian
limestone. It occurred to him that if he etched away the rest of the surface, the markings
would be left in relief. Two years of experimentation eventually led to the discovery of
flat-surface printing (modern lithography).

After using single lithography plates to reproduce black-and-white illustrations in his early work,
by 1818 Senefelder had developed methods to use multiple lithography plates with di↵erent colors
of ink to make color illustrations [Bunch and Hellemans 2004, p. 306]. Very similar lithographic
techniques of protecting and etching di↵erent parts of surfaces are now also widely used to make
semiconductor devices (Section 6.3).

Friedrich König (1774–1833) and Andreas Bauer (1783–1860) developed the steam-powered printing
press in 1814; see Fig. 7.8 [Halkasch 1993; Kasischke 1999; Max Rößler 1982; Wolf 1974].

Paul Pretsch (German?, 18??–19??) and A. J. Berchtold (German?, 18??–19??) did early work
and Georg Meisenbach (German, 1841–1912) perfected the halftone method for reproducing pho-
tographs with tiny printed dots [Dorothea Peters 2007]. Figure 7.9 shows the first image that
Meisenbach produced with his final halftone method. This method is still widely used for newspa-
pers, magazines, and computer printers.

As shown in Fig. 7.10, Ottmar Mergenthaler (1854–1899) was born and educated in Germany, then
immigrated to the United States. He developed linotype machines for rapid typesetting for printing
presses (1876–1899) [Schlesinger 1989]. Oxford University’s Biographical Dictionary of Scientists
explained the mechanism and importance of Mergenthaler’s invention [Porter 1994, p. 478]:

Before Linotype, printing was carried out by hand-setting, a long and laborious process.
Mergenthaler’s invention speeded this operation and made printed matter, from books
to penny news sheets, cheaper to produce. The design of the machine enabled a line of
type (hence the name) to be composed at one time and cast as a single piece of metal.
The machine was rather like a large typewriter, about 2 m/61⁄2 ft high, with a store
of matrices (moulds) at the top. The operator selected the letters by means of rods
controlled by the ‘typewriter’ keys, and these letters fell through tiny trapdoors to drop
into position in a line setting. As each line was completed it was passed on to the ‘metal
pot’ area where a cast was made to form a ‘slug’ with the letters in relief on one side.
This then fitted into a page of type ready for printing, while the matrices were returned
to the store at the top of the machine for reuse.

A person operating one of Mergenthaler’s keyboards could set type up to three or four
times faster than by hand-setting, cutting the labour cost of production to a fraction
of before. The machine heralded a new age for printing in which books became a↵ord-
able, and newspapers could really claim to carry up-to-the-minute information, for the
Linotype made it possible to change and reset copy to within minutes of going to press.

The German-speaking world developed advanced methods of printing that were transferred to other
countries after World War II. See Fig. 7.11 for just one example among many [NARA RG 40, Entry
UD-75, Box 3, Folder Press Releases].
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Figure 7.1: Johannes Gutenberg invented the printing press around 1436.
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Figure 7.2: Karl von Drais created a paper music recorder in 1812 and the first keyboard typewriter
in 1821.
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Figure 7.3: Peter Mitterhofer developed an improved typewriter in 1864.
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Figure 7.4: In 1844, Friedrich Gottlob Keller invented a wood-grinding machine for mass-producing
paper.
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Figure 7.5: The brothers László and György B́ıró developed the ballpoint pen 1931–1938.
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Figure 7.6: Friedrich Soennecken invented the paper hole punch and ring binders for hole-punched
papers in 1886.
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Figure 7.7: Alois Senefelder developed lithography for printing illustrations beginning in 1796.
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Figure 7.8: Friedrich König and Andreas Bauer developed the steam-powered printing press in 1814.



7.1. WRITING AND PRINTING 983

Figure 7.9: Paul Pretsch and A. J. Berchtold did early work and Georg Meisenbach perfected the
halftone method for reproducing photographs with tiny printed dots.
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Figure 7.10: Ottmar Mergenthaler developed linotype machines for rapid typesetting for printing
presses (1876–1899).
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Figure 7.11: The German-speaking world developed advanced methods of printing that were trans-
ferred to other countries after World War II [NARA RG 40, Entry UD-75, Box 3, Folder Press
Releases].
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7.2 Musical Instruments

The quantity and quality of musical contributions by composers from the predominantly German-
speaking central European world are well known. Composers such as those listed in Table 7.1 remain
household names worldwide, even centuries later.

Name Nationality Lived

Johann Sebastian Bach German states 1685–1750
Carl Philipp Emanuel Bach German states 1714–1788
Johann Christian Bach German states 1735–1782
Ludwig van Beethoven German states 1770–1827

Alban Berg Austrian 1885–1935
Johannes Brahms German 1833–1897

Josef Anton Bruckner Austrian 1824–1896
Fryderyk Chopin Polish 1810–1849
Antońın Dvořák Czech/Austrian 1841–1904

Christoph Willibald Gluck German states/Austrian 1714–1787
Georg Friederich Handel German states 1685–1759

Joseph Haydn Austrian 1732–1809
Michael Haydn Austrian 1737–1806
Paul Hindemith German 1895–1963
Leoš Janáček Czech/Austrian 1854–1928
Franz Liszt Austro-Hungarian 1811–1886

Gustav Mahler Austrian 1860–1911
Fanny Mendelssohn German states 1805–1847
Felix Mendelssohn German states 1809–1847
Leopold Mozart Austrian 1719–1787

Wolfgang Amadeus Mozart Austrian 1756–1791
Johann Pachelbel German states 1653–1706
Arnold Schoenberg Austrian 1874–1951
Franz Schubert Austrian 1797–1828

Robert Schumann German states 1810–1856
Clara Schumann German 1819–1896
Heinrich Schütz German states 1585–1672
Bedřich Smetana Czech/Austrian 1824–1884
Johann Strauss Austrian 1825–1899
Richard Strauss German 1864–1949

Georg Philipp Telemann German states 1681–1767
Richard Wagner German 1813–1883

Carl Maria von Weber German states 1786–1826
Anton Webern Austrian 1883–1945
Kurt Weill German 1900–1950

Table 7.1: Examples of well-known musical composers from the predominantly German-speaking
central European world.
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While it is less well known to the general public, German-speaking creators also made enormous
contributions to the development of modern musical instruments [Baines 1991, 1993; Ulrich Michels
2008; Sachs 1940; Wilkinson 2014].

As shown in Fig. 7.12, Johann Christoph Denner (German states, 1655–1707) developed the clarinet
around 1700 and Iwan Müller (Baltic German, 1786–1854) later created airtight key pads for it and
other woodwinds.

Theobald Böhm (German, 1794–1881, Fig. 7.13) developed the Western concert flute in 1847.

The modern oboe (sometimes called the Wiener or Viennese oboe) was developed in stages by
Johann Eichentopf (German states, 1678–1769), Jacob Denner (German states, 1681–1735), Stefan
Koch (Austrian, 1772–1828), Karl Friedrich Golde (German, 1803–1873), Josef Hajek (Austrian,
1849–1926), and Hermann Zuleger (Austrian, 1885–1949). See Fig. 7.14.

The modern bassoon (sometimes called the Heckel bassoon) was developed by Gottfried Weber
(German states, 1779–1839), Carl Almenräder (German states, 1786–1846), and Johann Adam
Heckel (German, 1812–1877), as illustrated in Fig. 7.15.

The harmonica was created around 1821 in the German-speaking world and then copied so rapidly
by several craftsmen there that it is unclear which one of them actually originated the instrument
(Fig. 7.16). Proposed creators of the harmonica include Christian Friedrich Buschmann (German
states, 1805–1864), Anton Häckl (Austrian, 17??–18??), Georg Anton Reinlein (Austrian, 1766–
1834), and Joseph Richter (Austrian, 17??–18??).

In a very similar fashion, the accordion was developed around 1822 in the German-speaking world
and immediately copied by craftsmen there. Proposed creators of the accordion include Christian
Friedrich Buschmann (German states, 1805–1864), Cyrill Demian (Austrian, 1772–1849), and Carl
Friedrich Uhlig (German, 1789–1874, inventor of the concertina). See Fig. 7.17.

As shown in Fig. 7.18, Anton Joseph Hampel (Austrian/German states, 1710–1771) invented tuning
slides for brass horns in 1753 or earlier. Friedrich Blühmel (German states, 1777–sometime before
1845) and Heinrich Stölzel (German states, 1777–1844) created valves for brass horns around 1813.
Those two inventions revolutionized the entire family of brass musical instruments.

Wilhelm Friedrich Wieprecht (German, 1802–1872) and Johann Gottfried Moritz (German states,
1777–1840) invented the tuba in 1835. Moritz’s son, Carl Wilhelm Moritz (German states, 1810–
1855), created the tenor tuba in 1838. See Fig. 7.19.

Edmund Gumpert (German, 18??–19??) and Friedrich Kruspe (German, 18??–19??) invented the
double horn or the (incorrectly attributed) “French” horn in 1897, as illustrated in Fig. 7.20.

Early pianos first evolved from harpsichords and clavichords, apparently in Italy, but then a series
of German-speaking creators made numerous mechanical innovations to develop modern pianos
(Fig. 7.21). Some of the major creators included Gottfried Silbermann (German states, 1683–
1753), Christoph Gottlieb Schröter (German states, 1699–1782), Christian Ernst Friederici (German
states, 1709–1780), Johann Christoph Zumpe (German states, 1726–1790), Johann Andreas Stein
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(German states, 1728–1792), and Johann Heinrich Pape (German states, 1789–1875). Musicologist
Curt Sachs explained the dominance of German-speaking creators in the development of pianos
[Sachs 1940, pp. 393–395]:

Italy invented the piano, but then abandoned it. The Germans adopted the art and
evolved and transformed the piano; for the following forty years pianos were made
exclusively in Germany.

The first and best early maker of grand pianos in Germany was the famous organ builder
GOTTFRIED SILBERMANN, of Freiberg, Saxony. He was well acquainted with Johann
Sebastian Bach, who criticized and advised him in his attempts, and Frederick the Great
of Prussia bought three of the pianos which are now in Potsdam palaces. [...]

This simple action was given an escapement about the year 1770, probably by JOHANN
STEIN in Augsburg. In 1777, Wolfgang Amadeus Mozart wrote to his father that he had
called on Stein’s workshop. “His instruments distinguish themselves by an escapement;
not one in a hundred makers troubles himself about that; but without an escapement a
piano clatters and leaves a sound[...]” This action with an escaping hammer connected
with the key was called first the German action, and later on, when the STEIN family
had moved to Vienna, the Viennese action. [...]

In 1760 a dozen Saxon piano makers, jobless on account of the Seven Years’ War, came
to settle in London. After this move Germany was no longer the exclusive piano-making
country; England began to compete seriously and soon became the leading center. The
most famous among the German makers in London were JACOB KIRCHMANN, who
changed his name to KIRCKMAN, and JOHANN CHRISTIAN ZUMPE, a former
pupil of Silbermann. [...] The first pianist, too, was a German on English soil—Johann
Christian Bach, Johann Sebastian’s youngest son, gave the world’s first piano recital in
1768 in London.

As shown in Fig. 7.22, Dietrich Nikolaus Winkel (Lippstadt, 1777–1826) and Johann Mälzel (Ger-
man states, 1772–1838) created and mass-produced the first metronomes in 1814.
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Figure 7.12: Johann Christoph Denner developed the clarinet around 1700 and Iwan Müller created
airtight key pads for it and other woodwinds.
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Figure 7.13: Theobald Böhm developed the Western concert flute in 1847.
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Figure 7.14: The modern oboe (sometimes called the Wiener or Viennese oboe) was developed in
stages by Johann Eichentopf, Jacob Denner, Stefan Koch, Karl Friedrich Golde, Josef Hajek, and
Hermann Zuleger.
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Figure 7.15: The modern bassoon (sometimes called the Heckel bassoon) was developed by Gottfried
Weber, Carl Almenräder, and Johann Adam Heckel.
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Figure 7.16: The harmonica was developed around 1821 in the German-speaking world and rapidly
copied by several craftsmen there. Proposed creators of the harmonica include Christian Friedrich
Buschmann, Anton Häckl, Georg Anton Reinlein, and Joseph Richter.
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Figure 7.17: The accordion was developed around 1822 in the German-speaking world and rapidly
copied by several craftsmen there. Proposed creators of the accordion include Christian Friedrich
Buschmann, Cyrill Demian, and Carl Friedrich Uhlig.
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Figure 7.18: Anton Joseph Hampel invented tuning slides for brass horns in 1753. Friedrich Blühmel
and Heinrich Stölzel created valves for brass horns around 1813.
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Figure 7.19: Wilhelm Friedrich Wieprecht and Johann Gottfried Moritz invented the tuba in 1835.
Moritz’s son, Carl Wilhelm Moritz, created the tenor tuba in 1838.
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Figure 7.20: Edmund Gumpert and Friedrich Kruspe invented the double horn or French horn in
1897.
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Figure 7.21: Early pianos evolved from harpsichords and clavichords, but then a series of German-
speaking creators made numerous mechanical innovations to develop modern pianos. Some of
the major creators included Gottfried Silbermann, Christoph Gottlieb Schröter, Christian Ernst
Friederici, Johann Christoph Zumpe, Johann Andreas Stein, and Johann Heinrich Pape.
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Figure 7.22: Dietrich Nikolaus Winkel and Johann Mälzel created and mass-produced the first
metronomes in 1814.
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7.3 Internal Combustion Engines and Motor Vehicles

In the eighteenth and early nineteenth centuries, most of the major innovations of steam engines
and vehicles employing them occurred in the United Kingdom and France [Ingo Müller 2007]. Yet
when it came time to supersede steam technology with improved engines in the late nineteenth
century, it was the more recently developed German-speaking scientific world that rose to the
challenge. Indeed, during the late nineteenth and earlier twentieth centuries, engineers from the
German-speaking world were responsible for virtually all of the key innovations in the development
of internal combustion engines as well as vehicles and tools powered by them, including motorcycles,
automobiles, trucks, chainsaws, military tanks, and Diesel locomotives.3 Those German designs were
rapidly copied in the United States and other countries, while the German-speaking world soon
entered the decades-long period of World Wars I and II and their respective aftermaths, which
greatly hindered German and Austrian industries from competing globally in the very technologies
that they had pioneered. As a result, most people in the modern world do not realize how directly
all of these creations can be traced to German-speaking creators.

Internal combustion engines, motorcycles, automobiles, and trucks

Figure 7.23 shows early steps away from steam engines. ?? Brackenburg (German?, 18??–18??)
developed an automobile powered by a hydrogen/oxygen combustion engine in 1836. Julius Hock
(Austrian, 18??–19??) developed an oil-burning internal combustion engine in 1873 [Cummins 2002].

With assistance from Eugen Langen (German, 1833–1895), Nikolaus Otto (German, 1832–1891)
developed the four-stroke internal-combustion gasoline engine in 1876; see Fig. 7.24 [Cummins
2002]. 1001 Inventions That Changed the World explained the importance of Otto’s innovations,
as well as his connections to later German engine designers [Challoner 2009, p. 400]:

German engineer Nikolaus Otto (1832–1891) was responsible for one of the great de-
velopments in motorized vehicles with the invention of his four-stroke cycle internal
combustion engine.

After developing an interest in technology, he began designs for a four-stroke engine
based on Lenoir’s earlier design for a two-stroke cycle. In 1864 he set up N. A. Otto and
Cie alongside Eugen Langen, creating the world’s first engine manufacturers. In 1872,
he employed Gottlieb Daimler and Wilhelm Maybach as technical director and chief
designer, respectively.

In 1876 the first practical four-stroke engine was constructed. The four strokes are
an intake stroke, where the piston moves down to allow a fuel-air mixture into the
combustion chamber, a compression stroke, where the piston moves back up to compress
the gases, a combustion or power stroke, where a spark ignites the fuel and the piston
is forced down again, and a final exhaust stroke, where the piston moves up to expel
spent fuel via the exhaust valve. [...]

Initially combustion engines were stationary as they could not be adapted to run on

3For coverage of di↵erent aspects of this area, see especially: Cummins 2002; Graf and Metternich 1986; Ludvigsen
2015; Popplow 2011; Raidt 2014; Roth and Schmid 1987; Technisches Museum Wien 2006; Völker 2013.
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liquid fuel and so required a pilot light. Otto solved this problem in 1884 with the
invention of a magneto ignition system that created the spark needed for the power
stroke. This increased the practicality of the four-stroke engine and allowed it to be
used by Daimler and Maybach in the first motorcycles and automobiles.

As illustrated in Fig. 7.25, Wilhelm Wittig (German?, 18??–19??) and Wilhelm Hees (German?,
18??–19??) developed a two-stroke internal-combustion engine in 1878 [Cummins 2002].

Emile Capitaine (German, 1861–1907) developed an oil-burning internal combustion engine in 1879,
a series of gasoline engines in the 1880s–1890s, and a motorcycle in 1896; see Fig. 7.26 [Cummins
2002].

Rudolf Diesel (German, 1858–1913), shown in Fig. 7.27, created the first Diesel engines in the 1890s
[Cummins 2002]. Encyclopedia Britannica explained his invention process [EB 2010]:

Diesel devoted much of his time to the self-imposed task of developing an internal
combustion engine that would approach the theoretical e�ciency of the Carnot cycle.
For a time he experimented with an expansion engine using ammonia. About 1890,
in which year he moved to a new post with the Linde firm in Berlin, he conceived
the idea for the diesel engine. He obtained a German development patent in 1892 and
the following year published a description of his engine under the title Theorie und
Konstruktion eines rationellen Wärmemotors (Theory and Construction of a Rational
Heat Motor). With support from the Maschinenfabrik Augsburg and the Krupp firms,
he produced a series of increasingly successful models, culminating in his demonstration
in 1897 of a 25-horsepower, four-stroke, single vertical cylinder compression engine. The
high e�ciency of Diesel’s engine, together with its comparative simplicity of design,
made it an immediate commercial success, and royalty fees brought great wealth to its
inventor.

Siegfried Marcus (German/Austrian, 1831–1898) developed an internal-combustion-engine-powered
car in 1870, and a greatly improved version in 1888 [Technisches Museum Wien 2006]. Figure 7.28
presents photos of Marcus and his two car versions.

As shown in Fig. 7.29, Karl Benz (German, 1844–1929) and his wife Bertha Benz (German, 1849–
1944) developed and demonstrated an internal-combustion-engine-powered automobile in 1885
[Cummins 2002]. Benz developed other automobiles such as the first mass-produced automobile
(Velo) in 1894, the first internal-combustion-engine-powered bus (Omnibus) in 1895, and a record-
setting race car (Blitzen) in 1909 (Fig. 7.30) [Grünewald and Williamson 2013; Roth and Schmid
1987]. 1001 Inventions That Changed the World noted [Challoner 2009, p. 446]:

Benz recognized the great potential of petrol as a fuel. His three-wheeled car had a
top speed of just ten miles (16 km) per hour with its four-stroke, one-cylinder engine.
After receiving his patent in January 1886, he began selling the Benz[...], but the public
doubted its reliability. Benz’s wife Bertha had a brilliant idea to advertise the new car.
In 1888 she took it on a 60-mile (100 km) trip from Mannheim to near Stuttgart.

Gottlieb Daimler (German, 1834–1900) and Wilhelm Maybach (German, 1846–1929), shown in Fig.
7.31, initially worked for Nikolaus Otto but then started their own company. They created the first
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internal-combustion-powered motorcycle (Reitwagen) in 1885 and their first internal-combustion-
powered automobile (Motorcoach) in 1886 [Cummins 2002; Raidt 2014; Völker 2013]. Daimler and
Maybach also created the first internal-combustion-powered boat in 1886 and the first internal-
combustion-powered truck in 1896; see Fig. 7.32. Oxford University’s Biographical Dictionary of
Scientists explained the key to their success [Porter 1994, p. 159]:

The genius of Daimler and Maybach lay in the combining of four of the elements essential
to the modern car engine: the four-stroke Otto cycle, the vaporization of the fuel with
a device similar to a carburettor, low weight and high speeds. Lenoir had used electric
ignition, but this proved unreliable; Daimler and Maybach used an igniter tube that
was light, worked well and operated independently of engine speed.

As illustrated in Figs. 7.33–7.34, in 1900, Wilhelm Maybach, Paul Daimler (German, 1869–1945),
and Emil Jellinek (German/Austrian, 1853–1918) radically rethought the look of “horseless car-
riages” and developed the first automobile with a recognizably modern design, the Mercedes 35 hp.
This was the first of a long line of automobiles that were named after Jellinek’s daughter, Mercédès
Jellinek (Austrian, 1889–1929) [Roth and Schmid 1987]. In the United States, Henry Ford’s first
Model T automobile, produced in 1909, was essentially a carbon copy of that 1900 German design.
Soon thereafter, the German-speaking world was plunged into decades of war and the aftermath,
giving great advantage to such foreign-made copies in the global market.

Robert Bosch (German, 1861–1942) created a magnetic engine ignition system and spark plugs in
1887 [Raidt 2014]. He was later joined by Gottlob Honold (German, 1876–1923), with whom he
developed improved automobile engines, the car horn, and automotive headlights. See Fig. 7.35.

Figure 7.36 presents several other automotive creators. Paul Winand (German?, 18??–19??) also
developed spark plugs in 1887 [Cummins 2002]. Donát Bánki (Hungarian, 1859–1922) and János
Csonka (Hungarian, 1852–1939) produced an improved carburetor, Hugo Mayer (German?, 18??–
19??) created hydraulic auto brakes, and Wilhelm von Opel (German, 1871–1948) introduced as-
sembly line production of automobiles in Europe. Ludwig Elsbett (German, 1913–2003) devel-
oped improved diesel engines, as well as engines that run on vegetable oil as biofuel [www.elsbett-
museum.de].

As shown in Fig. 7.37, Edmund Rumpler (Austrian, 1872–1940) not only was the first aircraft manu-
facturer in Germany, but also designed aerodynamic automobiles (such as the 1923 Rumpler-Benz
Tropfenwagen), created a unified engine and gearbox, and developed swing-axle rear suspension
[Graf and Metternich 1986].

Ferdinand Porsche (Austrian/German, 1875–1951) created the first gasoline-electric hybrid automo-
bile (Lohner-Porsche) in 1900; see Fig. 7.38. In fact, development, production, and use of electric
vehicles continued to be emphasized in the German-speaking world through 1945. For example,
BIOS 384, German Battery Electric Vehicles and the German Storage Battery Industry, p. 28,
reported:

The GERMANS make very much more use of battery electric vehicles of all forms than
is the custom in BRITAIN. They also employ batteries, both lead-acid and nickel-iron
for a greater range of uses.
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For his subsequent projects, Porsche was joined by Karl Rabe (Austrian, 1895–1968). Porsche, Rabe,
and their team developed the prototype for what would become the Volkswagen Beetle (1931, Fig.
7.39), as well as a series of Auto Union racing cars in the 1930s [Christopher 2013, pp. 199–203;
Ludvigsen 2015].

Oxford University’s Biographical Dictionary of Scientists described some of Porsche’s innovations
[Porter 1994, pp. 560–561]:

In 1936, he received a contract from the German government to develop the Volkswagen
and plan the factory where it would be built. Just before this he conceived a racing car,
without contract. The project was taken over by Auto Union and the car subsequently
claimed victories on virtually every race track in Europe between 1934 and 1937, as well
as many class records.

The first VW prototypes were on the road by the end of 1935[...] Some other design jobs,
however, had appeared alongside the major Volkswagen contract to cause Porsche to
expand his company. [...H]e led the development of light tractors. Those tractors built
to Porsche licence and under the firm’s supervision after World War II can be traced
to these designs. Concepts were also developed by him for aviation engines as well as
plans and designs or wind-driven power plants—large wind-mills with automatic sail
adjustment which delivered electric current via generators.

The war cut short further development of the Volkswagen so Porsche designed the
Leopard and Tiger tanks used by German Panzer regiments and helped to develop the
V-1 flying bomb. [...]

Porsche was a brilliant engineer whose genius reached into many disciplines. It has been
said that the torsion-bar suspension alone would have su�ced to establish a monument
to his name in the automotive industry. He can be considered one of the pioneers of
aircooled engines in the industry.

Karl Schlör (German, 1911–1997), shown in Fig. 7.40, designed the Schlörwagen highly aerodynamic
automobile in 1936 and demonstrated it in 1939 [Christopher 2013, pp. 199–201].

As illustrated in Fig. 7.41, Felix Wankel (German, 1902–1988) developed Wankel rotary engines
from 1924 onward, and Hanns Paschke (German?, 19??–??) later developed additional versions of
Wankel engines [Popplow 2011].

In addition to the transfer of engine and automotive technologies out of the German-speaking world
that occurred in the late nineteenth and early twentieth centuries, Allied countries removed a great
deal of information on more advanced engine and automotive technologies at the end of World War
II. The United States, United Kingdom, France, and Soviet Union removed engineers, prototypes,
patents and other documents, and even whole factories. They also wrote detailed reports about the
German and Austrian technologies that were transferred to Allied industries. For a few examples,
see Figs. 7.42–7.44. There are a large number of additional examples among the BIOS ER, BIOS,
BIOS Misc., BIOS Overall, CIOS ER, CIOS, FIAT, FIAT Review, JIOA, NavTecMisEu LR, and
NavTecMisEu reports in the Bibliography.
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Figure 7.23: ?? Brackenburg developed an automobile powered by a hydrogen/oxygen combustion
engine in 1836. Julius Hock developed an oil-burning internal combustion engine in 1873.
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Figure 7.24: With assistance from Eugen Langen, Nikolaus Otto developed the four-stroke internal-
combustion gasoline engine in 1876.



1006 CHAPTER 7. CREATORS AND CREATIONS IN MECHANICAL ENGINEERING

Figure 7.25: Wilhelm Wittig and Wilhelm Hees developed a two-stroke internal-combustion engine
in 1878.
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Figure 7.26: Emile Capitaine developed an oil-burning internal combustion engine in 1879, a series
of gasoline engines in the 1880s–1890s, and a motorcycle in 1896.
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Figure 7.27: Rudolf Diesel created the first Diesel engine in 1893.
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Figure 7.28: Siegfried Marcus developed an internal-combustion-engine-powered car in 1870, and a
greatly improved version in 1888.
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Figure 7.29: Karl Benz and his wife Bertha Benz developed and demonstrated an internal-
combustion-engine-powered automobile in 1885.
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Figure 7.30: Benz developed other automobiles such as the first mass-produced automobile (Velo)
in 1894, the first internal-combustion-engine-powered bus (Omnibus) in 1895, and a record-setting
race car (Blitzen) in 1909.
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Figure 7.31: Gottlieb Daimler and Wilhelm Maybach created the first internal-combustion-powered
motorcycle (Reitwagen) in 1885, and their first internal-combustion-powered automobile (Motor-
coach) in 1886.



7.3. INTERNAL COMBUSTION ENGINES AND MOTOR VEHICLES 1013

Figure 7.32: Gottlieb Daimler and Wilhelm Maybach created the first internal-combustion-powered
boat in 1886 and truck in 1896.
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Figure 7.33: In 1900, Wilhelm Maybach, Paul Daimler, and Emil Jellinek developed a radically
redesigned automobile with a recognizably modern look, the Mercedes 35 hp; it was the first of a
long line of Mercedes automobiles.
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Figure 7.34: Wilhelm Maybach, Paul Daimler, and Emil Jellinek developed the first automobile
with a recognizably modern design, the Mercedes 35 hp, in 1900. In the United States, Henry
Ford’s first Model T automobile, produced in 1909, was essentially a carbon copy of that earlier
German design.
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Figure 7.35: Robert Bosch created a magnetic engine ignition system and spark plugs in 1887. He
was later joined by Gottlob Honold, with whom he developed improved automobile engines, the
car horn, and automotive headlights.
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Figure 7.36: Paul Winand also developed spark plugs in 1887. Donát Bánki and János Csonka
produced an improved carburetor, Hugo Mayer created hydraulic auto brakes, and Wilhelm von
Opel introduced assembly line production of automobiles in Europe. Ludwig Elsbett developed
improved diesel engines, as well as engines that run on vegetable oil as biofuel.
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Figure 7.37: Edmund Rumpler was the first German aircraft manufacturer, designed aerodynamic
automobiles (such as the 1923 Rumpler-Benz Tropfenwagen), created a unified engine and gearbox,
and developed swing-axle rear suspension.
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Figure 7.38: Ferdinand Porsche created the first gasoline-electric hybrid automobile (Lohner-
Porsche) in 1900. For his subsequent projects, Porsche was joined by Karl Rabe.
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Figure 7.39: Ferdinand Porsche, Karl Rabe, and their team developed the prototype for what would
become the Volkswagen Beetle (1931), as well as a series of Auto Union racing cars in the 1930s.
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Figure 7.40: Karl Schlör developed and demonstrated the Schlörwagen highly aerodynamic auto-
mobile in 1939.
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Figure 7.41: Felix Wankel developed Wankel rotary engines from 1924 onward, and Hanns Paschke
later developed additional versions of Wankel engines.
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Figure 7.42: This is just one example from the large number of reports on German automotive
technologies that were sent to other countries after World War II [NARA RG 40, Entry UD-75,
Box 3, Folder Press Releases].
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Figure 7.43: This is just one example from the large number of reports on German automotive
technologies that were sent to other countries after World War II [NARA RG 40, Entry UD-75,
Box 3, Folder Press Releases].
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Figure 7.44: This is just one example from the large number of reports on German automotive
technologies that were sent to other countries after World War II [NARA RG 40, Entry UD-75,
Box 3, Folder Press Releases].
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As shown in Fig. 7.45, Walter Linderer (German, 19??–19??) filed the first patent on an automotive
airbag in 1951. Considering that an enormous amount of wartime work was conducted on rapidly
deployable vehicle safety devices such as ejection seats and parachutes (Section 9.4) and that many
patents filed in the early years of the postwar West German patent o�ce were based on wartime
work, it seems likely that Linderer’s airbag patent was based on wartime research. More archival
research is needed to investigate the origins of Linderer’s invention.

In order to make a truly practical airbag, it was necessary to develop a system that could fully inflate
the airbag within less than 0.1 seconds during a collision. Working for Daimler-Benz, Helmut Patzelt
(German?, 19??–??), Gerhard Schiesterl (German?, 19??–??), and Albert Seybold (German?, 19??–
??) solved that problem. They developed an airbag deployed by a solid propellant gas generator
in 1967, and they patented the system in 1971 (Fig. 7.46). The solid propellant gas generator was
essentially a miniature solid propellant rocket that used the exhaust gas to inflate the airbag. That
invention drew heavily upon the earlier development of solid explosives and solid propellant rockets
in the German-speaking world (Sections 3.3 and 9.8). Airbag technology was rapidly copied and
adopted by Japanese and American auto makers.

Many other automotive-related technologies were also developed in the German-speaking world
and then transferred to other countries. Examples include:

• Synthetic rubber for tires (p. 499).

• Synthetic oil for engine lubrication (p. 523).

• High-temperature metal alloys for engines with higher fuel e�ciencies (p. 512).

• High-temperature ceramics for engine components (p. 508).

• Improved battery technologies (p. 524).

• Piezoelectric and photoelectric sensors inside engines to monitor engine performance in real
time [e.g., FIAT 575, Developments in Diesel Engineering].

• Fuel additives to prevent knocking in engines [e.g., BIOS 1612, Fundamental Work on Com-
bustion in Germany].

• Nitrous oxide for short-term boosting of engines [e.g., BIOS 1612, Fundamental Work on
Combustion in Germany].

Chainsaws

German-speaking creators also invented chainsaws and adapted internal combustion engines to
power them (Fig. 7.47). In 1830, Bernhard Heine (German, 1800–1846) invented hand-powered
chainsaws (osteotomes) for cutting bone during surgery. In the late 1920s, Andreas Stihl (Swiss,
1896–1973) developed electric and gasoline-powered chainsaws, and founded the company that
still bears his name. At the same time, Emil Lerp (German, 1886–1966) also developed gasoline-
powered chainsaws and founded the Dolmar company to produce them. Chainsaw designs were
spread worldwide both by the Stihl and Dagmar companies and also by Allied investigators at the
end of World War II [e.g., FIAT 696, Gasoline Powered Hand Tree Saws].
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Figure 7.45: Walter Linderer filed the first patent on an automotive airbag in 1951 (likely based on
wartime work?).
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Figure 7.46: Helmut Patzelt, Gerhard Schiesterl, and Albert Seybold developed an airbag deployed
by a solid propellant gas generator in 1967, and they patented the system in 1971.
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Figure 7.47: Bernhard Heine invented hand-powered chainsaws in 1830, Andreas Stihl developed
electric and gasoline-powered chainsaws in the late 1920s, and Emil Lerp developed gasoline-
powered chainsaws in the late 1920s.
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Tanks

German-speaking creators were responsible for many of the major innovations in the development
of military tanks powered by internal combustion engines or gas turbine engines.

As shown in Fig. 7.48, Frederick Simms (German, 1863–1944) developed the small armed Motor
Scout in 1899 and the much larger Motor War Car in 1902.

In 1904, Paul Daimler and his team developed the Panzerwagen armored car, pictured in Fig. 7.49.

In 1911, Günther Burstyn (Austrian, 1879–1945) developed the first combat tank to incorporate
all of the major features of modern tanks, as illustrated in Fig. 7.50.

Joseph Vollmer (German, 1871–1955) developed the first internal-combustion-engine-powered tractor-
trailer truck in 1903, then created tanks such as the A7V during World War I; see Fig. 7.51.

As shown in Fig. 7.52, Ferdinand Porsche, Karl Rabe, and their team developed advanced tanks such
as the Tiger I and the Panzerkampfwagen VIII Maus prototype during World War II [Ludvigsen
2015].

In September 1945, R. P. Linstead and T. J. Betts, the British and American chairs of the Combined
Intelligence Objectives Subcommittee, listed a number of important German innovations for tanks
[AFHRA A5186 electronic version pp. 904–1026, Ch. 4, pp. 68–69]:

Investigation of the German automotive industry revealed that development was con-
centrated on armored fighting vehicles to the exclusion of ordinary motor transport. A
new series of super heavy tanks, a group of self-propelled weapons knowns as “Wa↵en-
traeger”, another series of tanks designated as the “E-Series” and the application of gas
turbines as tank power plants were of particular interest.

The pilot model of the E-100 tank was located, and drawings of the important assemblies
were evacuated by investigators. This tank weighed approximately 100 metric tons,
mounted a 150 mm. gun and was provided with a sloping front armor plate 8 inches thick.
It was discovered that an even heavier tank know as the “Maus” had been constructed
and tested. The pilot model of this tank, which was reported to weigh 180 metric tons,
was destroyed in the Russian area prior to occupation. However, complete engineering
data on the “Maus” was obtained by CIOS investigators.

German authorities were planning mass production of self-propelled “Wa↵entraeger”
guns. These gun mounts were lightly armored vehicles, which were to be equipped with
normal field artillery weapons. It was initially conceived that provisions would be made
for demounting the weapons for employment as conventional artillery pieces, but this
feature was subsequently abandoned.

The “E-Series” of German tanks were the most interesting armored vehicles encoun-
tered. This series included the E-10, E-25, E-50 and E-100, all of which incorporated
the most advanced thinking of the Heereswa↵enamt. The series numbers represent the
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estimated weights of the basic chassis. It is significant to note that these vehicles repre-
sented a return of the German design trend to lighter and more maneuverable tanks.

The development of a gas turbine for tank motive power was not complete, nor had
successful application been achieved. However, many US and British authorities believe
that the gas turbine development is potentially the most important feature of German
armored vehicle research. It was expected that a 30% increase in power would be ob-
tained from substitution of a gas turbine for a conventional type power unit in a given
size engine compartment. Considerable progress had been made on the development of
a rotary ceramic heat exchanger capable of achieving fuel economy equal to that of the
automotive type Diesel.

Tank armament projects included the rigidly mounted 75 and 88 mm. guns described
previously. The design of gyroscopically stabilized sights led German experts to hope
for an accuracy within a half-mile limit. The “Kugelblitz” anti-aircraft armored turret
was discovered.

In respect to tank engines, designers had endeavored to produce an air-cooled Diesel
power plant. The only successful new project encountered was the “Maybach HL-234”
gasoline injection engine which had delivered 900 H.P. in preliminary tests.

The Germans had initiated many new projects of a more or less radical nature in the
design of new tank transmissions. Electric drive had been tried but with little success.
Turbo or torque converter-drive was considered the most promising of high horse-power
applications.

BIOS 98, Report on German Development of Gas Turbines for Armoured Fighting Vehicles, pp. 3
and 13–14, gave more information on wartime development of gas turbine engines for tanks:

During the investigation of the activities of Dr. Ing. Porsche, it was learned that he was
associated with a project for the development of a gas turbine installation for the Tiger
tank. The investigation was stated to be in the hands of Dipl. Ing. Otto Zadnik[...]

The investigation of this target may be summed up briefly as follows:

(a) Otto Zadnik was actually engaged upon the design of only one portion of the tank
project, viz, the transmission. Although he had an over-riding responsibility for, and
good general knowledge of the whole project, he was unable to provide details of the
power unit.

(b) Dr. Alfred Müller, who for some eighteen months, had been primarily responsible
for turbine and turbo-blower development for aircraft (See his charter in Appendix 2)
was made responsible for the design and development of the tank power unit. Dr. Müller
has behind him a wide experience of gas turbines and blower development, but little or
no development work appears to have been carried out on the tank motor itself. [...]

(d) The torque characteristics (Scheme II), freedom from vibration, and the absence of
any cooling system, make the gas turbine very attractive for tank use. [...]
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During the war, Anselm Franz (Austrian, 1900–1994) developed gas turbine engines for jet fighters
(Fig. 9.28). After the war, he came to the United States, where he brought the wartime dream of a
gas turbine tank engine to reality. No later than 1951, he proposed the AGT1500 turboshaft engine
to power U.S. tanks. After lengthy delays obtaining government funding, Franz finally demonstrated
the AGT1500 engine in 1966. As shown in Fig. 7.54, the AGT1500 is still used in the M1A1 Abrams
tank.

Diesel locomotives

German-speaking creators were responsible for adapting Diesel internal combustion engines to
locomotives, where they continue to be used worldwide.

In 1912, Rudolf Diesel and Adolf Klose (German, 1844–1923) developed the first Diesel locomotive,
shown in Fig. 7.55.

As illustrated in Fig. 7.56, in 1914 Hermann Lemp (Swiss, 1862–1954) developed the Diesel-electric
drive, which was more e↵ective for trains than a direct Diesel drive. From 1920 onward, Lemp
designed a number of Diesel-electric locomotives for the General Electric company in the United
States.
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Figure 7.48: Frederick Simms developed the small armed Motor Scout in 1899 and the much larger
Motor War Car in 1902.
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Figure 7.49: Paul Daimler and his team developed the Panzerwagen armored car in 1904.
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Figure 7.50: In 1911, Günther Burstyn developed the first combat tank to incorporate all of the
major features of modern tanks.
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Figure 7.51: Joseph Vollmer developed the first internal-combustion-engine-powered tractor-trailer
truck in 1903, then created tanks such as the A7V during World War I.



7.3. INTERNAL COMBUSTION ENGINES AND MOTOR VEHICLES 1037

Figure 7.52: Ferdinand Porsche, Karl Rabe, and their team developed advanced tanks such as the
Tiger I 57-ton tank and the Panzerkampfwagen VIII Maus prototype 188-ton tank during World
War II.
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Figure 7.53: A Henschel Panzerkampfwagen E-100 140-ton tank prototype was taken by British
troops at the end of World War II (shown on top of a trailer, without the turret and treads).
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Figure 7.54: Anselm Franz developed the AGT1500 turboshaft engine that is still used in the U.S.
M1A1 Abrams tank.
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Figure 7.55: Rudolf Diesel and Adolf Klose developed the first Diesel locomotive in 1912.
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Figure 7.56: Hermann Lemp developed the Diesel-electric drive in 1914 and designed Diesel-electric
locomotives for GE from 1920 onward.
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7.4 Civil Engineering and Architecture

German-speaking creators made many important contributions in the areas of civil engineering and
architecture.4 This section contains just a few examples, but many others could be cited.

Max Joseph von Pettenkofer (German, 1818–1901), James Hobrecht (German, 1825–1902), and Karl
Imho↵ (German, 1876–1965) designed sewage collection and treatment systems that revolutionized
sanitation and health, and that were ultimately used worldwide. See Fig. 7.57.

Max Giese (German, 1879–1935) and Fritz Hull (German?, 18??–19??) invented the concrete pump
in 1927; see Fig. 7.58. Jacob Kweimn (Dutch, 18??–19??) developed an improved concrete pump in
1932. The ability to pump liquid concrete completely transformed modern construction methods.

In 1887, Ernst Hubbard (Austrian?, 18??–19??) conducted the first experiments trying to develop
useful particle board [Hubbard 1887]. In 1932, Max Himmelheber (German, 1904–2000) and Alfred
Schmid (German, 1899–1968) perfected and patented particle board and machines to produce it
[Sauer 2016]. The production and use of particle board spread throughout the German-speaking
world during World War II and was transferred to other countries after the war. See Fig. 7.59.

Figure 7.60 shows examples of German-speaking scientists who made measurements and developed
mathematical formulas for various types of stress and strain in materials. August Wöhler (1819–
1914) analyzed the bending or deflection of beams under stress, and also produced curves showing
the e↵ects of fatigue or repeated stresses in metals. Christian Otto Mohr created the Mohr’s circle
method that is still used to analyze combinations of stresses. Wilhelm Flügge (German, 1904–
1990) developed the theory of stresses and strains in hollow structures such as fuel tanks and
aircraft fuselages.

German-speaking experts also applied their knowledge about stress and strain to design larger and
better bridges and other structures.

• Wilhelm August Julius Albert (German states, 1787–1846, Fig. 7.61) studied metal fatigue
in 1829. In 1834, he invented wire rope or cable and used it in the first construction projects.

• In 1872, Adolf Bleichert (German, 1845–1901, Fig. 7.61) used wire cable to invent the modern
system of cable cars for carrying people and cargo. Bleichert and the company he founded
went on to build cable car systems around the world.

• John Roebling (German states, 1806–1869, Fig. 7.62) designed many large-scale projects such
as the Brooklyn Bridge (which was completed after his death).

• Albert Fink (German, 1827–1897, Fig. 7.63) was famous for developing truss bridges.

• Franz Dischinger (German, 1887–1953, Fig. 7.63) created both cable-stayed bridges and pre-
stressed concrete.

4 Buchheim and Sonnemann 1990; Bunch and Hellemans 2004; Cardwell 1995; Challoner 2009; Gööck 2000; Heckl
2010, 2011; Heßler 2012; Jankowsky 2000; König 2000, 2009; König and Schneider 2007; Ludwig 1974; Lundgreen and
Grelon 1994; Radkau 1989, 2016; Technisches Museum Wien 2011; Weitensfelder 2009, 2013.
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Just as the German-speaking world invented internal combustion engines and vehicles to use them,
it also created a revolutionary large-scale road system suitable for those vehicles. The German
autobahn was designed in the 1920s and built in the 1930s. Figure 7.64 illustrates key aspects of
the autobahn’s design: one-way multilane roads traveling in each direction, separated by a median,
and periodic o↵- and on-ramps for gas stations and exits. Figure 7.65 also shows examples of early
German autobahn bridges, which were necessary both to pass over valleys and rivers and also to
divert intersecting roads over or under the autobahn.

The autobahn served as the model for high-speed road networks that were built later in other
countries around the world. For example, BIOS 1419, German Autobahn Bridges reported an Allied
study of the autobahn after World War II:

The Reichsautobahn is essentially a road system for the use of power driven vehicles at
considerable speeds, and in order to achieve this end with safety, complete segregation
of the tra�c in either direction was adopted, and all road intersections on the same
level avoided. Pedestrians, cyclists and horse drawn vehicles were forbidden to use these
roads, so that no provision was necessary for footpaths, with a consequent reduction of
the overall width required.

On the other hand, complete grade separation at intersections made it necessary to
build numerous bridges. [...]

In the main, the construction of the autobahnen and their bridges was carried out
during the six years, 1934 to 1939. Prior to this, preparatory work and designs had
been prepared, while even after 1939, during the war years, a limited amount of work
was done.

[For other examples of postwar Allied studies of the autobahn, see BIOS 575; BIOS 917; BIOS 918;
FIAT 518].

Dwight Eisenhower was instrumental in copying the autobahn in the United States. In 1919, Eisen-
hower participated in a military training convoy across the United States and discovered how
poorly suited U.S. roads were for automobiles at that time. During World War II, Eisenhower led
U.S. forces into Germany and realized how useful the autobahn was. In the 1950s, Eisenhower
became the U.S. president and successfully lobbied for the United States to begin construction of
an autobahn-like system of interstate roads. U.S. highway historian Richard Weingro↵ explained
[Weingro↵ 2003]:

Although the 1919 convoy shaped Eisenhower’s views, his perspective would be supple-
mented years later by his observations of the German autobahn network of freeways.

Construction of the first segment of the autobahn began in 1929 and was dedicated on
August 6, 1932. When Adolph Hitler assumed power as Chancellor of the Third Reich
in 1933, he took over the program, claiming it for his own. The 23-kilometer (14-mile)
expressway between Frankfurt and Darmstadt, which opened on May 19, 1935, was the
first section completed under Hitler. By December 1941, when wartime needs brought
construction to a halt, Germany had completed 3,864 kilometers (2,400 miles), with
another 2,496 kilometers (1,550 miles) under construction.
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From the outset of World War II in Europe, the autobahn proved to be a key asset to
Germany. The German blitzkrieg (”lightning war”), which involved massive coordinated
air and ground attacks to stun opponents, was a key to the German defeat of Poland in
1939 and Belgium, Luxembourg, and the Netherlands in 1940; and the advance to within
480 kilometers (300 miles) of Moscow in 1941. The highway network also enhanced
Germany’s ability to fight on two fronts—Europe in the west, the Soviet Union in the
east. [...]

In the immediate aftermath of the war, Eisenhower was the military head of occupied
Germany. Writer Phil Patton pointed out in Open Road that in this capacity, ”Eisen-
hower oversaw the ’debriefing” of the Reich, the creation of a series of reports that
include close study of the Autobahns.”

Like so many American highway engineers and government o�cials who had visited Ger-
many during the 1930s, Eisenhower had been impressed by the autobahn. Years later,
he would explain that ”after seeing the autobahns of modern Germany and knowing the
asset those highways were to the Germans, I decided, as President, to put an emphasis
on this kind of road building. ... The old [1919] convoy had started me thinking about
good, two-lane highways, but Germany had made me see the wisdom of broader ribbons
across the land.”

Early kitchens had typically either been dedicated rooms sta↵ed by servants in a✏uent house-
holds, or improvised tools gathered around a heating stove in more common households. Margarete
Schütte-Lihotzky (Austrian, 1897–2000, Fig. 7.66) revolutionized the concept of the kitchen by
designing a separate, standardized, small room that almost every household could use. By 1926,
she created the “Frankfurt Kitchen,” which ultimately became the standard kitchen design for
apartments and small or medium houses worldwide. (The Frankfurt Kitchen was later adopted
and heavily promoted by designers in Sweden, and thus was often incorrectly attributed as the
“Swedish Kitchen.”) Sarah Archer, an expert on the history of kitchens, described the importance
of Schütte-Lihotzky’s design [Archer 2019]:

Margarete Schütte-Lihotzky (1897–2000) was the first Austrian woman ever to qualify
as an architect. Following World War I, she was tasked with the design of standard
kitchens for a new housing project by city planner and architect Ernst May. The Great
War left rubble and a desperate housing shortage in its wake, but it also opened the
way for new ideas and new designs. [...]

Schütte-Lihotzky conceived of the Frankfurt Kitchen as a separate room in each apart-
ment, which was a design choice that had previously applied only to the cavernous
kitchens that served great houses. [...]

The Frankfurt Kitchen featured an electric stove, a window over the sink, and lots of
ingenious built-in storage including custom aluminum bins with a spout at one end.
These bins could be used to store rice, sugar, or flour, then pulled out and used to pour
the ingredients into a mixing bowl. The kitchen lacked a refrigerator, but in almost
every other way, it was thoroughly modern. There was no clunky cast-iron stove, and
no mismatched pieces of wooden furniture that had been drafted into kitchen duty. [...]
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Margarete Schütte-Lihotzky introduced design ideals that still hold sway over our living
spaces. Recognition for her design spread slowly but steadily. [...]

But in 1927, three di↵erent versions of the design were shown at a major Frankfurt
exhibition. In the ’30s, it was written up in the German, English, and French press,
and attracted the attention of France’s housing minister, who decided he wanted to
commission 260,000 units inspired by its design. [...]

While it transformed kitchen design in the 20th century, in certain ways the Frankfurt
Kitchen lent more inspiration to new suburban homes than it did to their urban coun-
terparts. This is partly because there was much more new construction in American
suburbs following World War II, while large cities tended to be comprised mostly of
renters who had to accept their kitchens as they were. The Frankfurt ideals of rational
design, optimal work surfaces, color, and smart storage both took shape and grew in
size once they took root in suburban ranch homes.

Fig. 7.67 shows several other important German-speaking civil engineers and architects:

• Walter Gropius (German, 1883–1969) and Ludwig Mies (German, 1886–1969) created Bauhaus
architecture.

• Artur Fischer (German, 1919–2016) invented split plastic wall plugs, Fischertechnik construc-
tion toys, and synchronized photo flash.

• Fritz Todt (German, 1891–1942) developed the Autobahn and other large civil engineering
projects before and during World War II.

• Franz Xaver Dorsch (German, 1899–1986) also carried out many large-scale civil engineering
projects for military purposes.

• Karl Fiebinger (Austrian, 1913–2014) developed revolutionary methods that made it possible
to create enormous, fully equipped, bomb-proof underground installations; he worked first for
Germany and then for the United States.
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Figure 7.57: Max Joseph von Pettenkofer, James Hobrecht, and Karl Imho↵ designed sewage col-
lection and treatment systems that were ultimately used worldwide.
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Figure 7.58: Max Giese, Fritz Hull, and Jacob Kweimn invented concrete pumps.
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Figure 7.59: Ernst Hubbard conducted the first experiments with particle board in 1887. Max
Himmelheber and Alfred Schmid perfected particle board in 1932.
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Figure 7.60: August Wöhler, Christian Otto Mohr, and Wilhelm Flügge made measurements and
developed mathematical formulas for various types of stress and strain in materials.
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Figure 7.61: Wilhelm August Julius Albert studied metal fatigue in 1829, and invented wire rope
or cable in 1834. Using wire cable, Adolf Bleichert developed cable cars in 1872.
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Figure 7.62: John Roebling designed many large-scale projects such as the Brooklyn Bridge.
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Figure 7.63: Albert Fink developed truss bridges, and Franz Dischinger developed both cable-stayed
bridges and prestressed concrete.
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Figure 7.64: The German autobahn was designed in the 1920s and built in the 1930s.
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Figure 7.65: Examples of early German autobahn bridges.
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Figure 7.66: Margarete Schütte-Lihotzky created the standard “Frankfurt kitchen” design in 1926.
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Figure 7.67: Walter Gropius and Ludwig Mies created Bauhaus architecture. Artur Fischer invented
split plastic wall plugs and Fischertechnik construction toys. Fritz Todt, Franz Xaver Dorsch, and
Karl Fiebinger carried out many large-scale civil engineering projects for military purposes.
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7.5 Handheld Weapons

German-speaking creators made many important innovations in handheld weapons in the late
nineteenth and early twentieth centuries.5

As illustrated in Fig. 7.68, Hugo Borchardt (German, 1844–1924) developed the world’s first self-
loading, semi-automatic pistol, the Borchardt C93, in 1893. Georg Luger (Austrian, 1849–1923)
improved upon that design to create the Luger semi-automatic pistol in 1900.

The German [?] brothers Fidel (18??–19??), Friedrich (18??–19??), and Josef Feederle (18??–19??)
developed a di↵erent semi-automatic pistol design, the Mauser C96, in 1896; see Fig. 7.69.

Based on the earlier Luger design, Fritz Walther (German, 18??–19??) created the more advanced
Walther PP in 1929 and Walther P 38 in 1938. See Fig. 7.70. Many modern handguns still use the
same designs and features as those guns.

As shown in Fig. 7.71, Theodor Bergmann (German, 1850–1931) and Louis Schmeisser (German,
1848–1917) developed the Maschinengewehr MG 15, an early machine gun, in 1915. Bergmann
and one of Louis Schmeisser’s sons, Hugo Schmeisser (German, 1884–1953), then developed the
Maschinenpistole MP 18, the first practical submachine gun, in 1918. Louis Schmeisser’s other son,
Hans Schmeisser (German, 18??–19??), also continued to develop and produce various gun designs.

Modern machine gun designs evolved in the German-speaking world:

• Louis Stange (German?, 1888–1971, Fig. 7.72) created the Maschinengewehr MG 30 machine
gun in 1930.

• Heinrich Vollmer (German, 1885–1961, Fig. 7.73) developed Stange’s design into the first
general-purpose machine gun, the MG 34, in 1934.

• Based directly on the work of Stange and Vollmer, Werner Gruner (German, 1904–1995, Fig.
7.74) produced a further improved version, the MG 42, in 1942.

These German machine gun designs were widely copied and became the direct ancestors of later
machine guns worldwide.

Similarly, modern assault rifles (multipurpose handheld weapons capable of acting as anything from
single-shot rifles to fully automatic machine guns) were invented in the German-speaking world.
Hugo Schmeisser created the Sturmgewehr StG 44 selective-fire assault rifle in 1944, as shown in
Fig. 7.75. Based on Schmeisser’s work, Wilhelm Stähle (German?, ??–??) and Ludwig Vorgrimler
(German, 1912–1983) developed an improved version, the Sturmgewehr StG 45, in 1945; see Fig.
7.76. These weapon designs were copied worldwide and gave rise to modern assault rifles such as
the AK-47 and M16.

5For coverage of di↵erent aspects of this area, see especially: Bishop 2014; DK 2014; Echle 1979; Götz 1990; Hogg
2001; Senich 1982, 1987; Wictor 2007; Wollert et al. 2008.



1058 CHAPTER 7. CREATORS AND CREATIONS IN MECHANICAL ENGINEERING

In September 1945, R. P. Linstead and T. J. Betts, the British and American chairs of the Combined
Intelligence Objectives Subcommittee, listed a number of important German innovations for large
guns [AFHRA A5186 electronic version pp. 904–1026, Ch. 4, p. 41]:

Guns ranging from 30 mm to 350 mm calibers were designed to operate without recoil.
Certain of these weapons adopted the principle of a “blow-out” disc located at the rear
of the powder chamber. This disc was designed to obdurate the powder pressure for a
short interval while a given pressure build-up occurs in the chamber, it then releases
this pressure to the rear of the weapon. In this manner equal components of momenta
are achieved and recoil eliminated.

The advantages of such a development are many. Construction is greatly simplified and
elaborate recoil and counter recoil mechanisms are eliminated with savings in weight
and material. Thus comparatively large caliber weapons can be adapted for aircraft
mounting due to the elimination of recoil and accompanying trunnion stress.

The Germans had made considerable progress with our rigidly mounted tank guns of
comparatively large calibers. By the elimination of recoil mechanisms, a considerable
saving of space for tank crews was achieved and tank turrets could be fitted with larger
guns.

The German design of smooth-bore, high velocity weapons, firing fin-stabilized projec-
tiles was another development worth recording. These weapons resulted in extremely
long ranges, excellent accuracy, and lessened gun wear.

In the German-speaking world, innovations in gun design were greatly aided by parallel innovations
in optics (see for example Section 6.7) for sighting scopes and by the development of revolutionary
infrared imaging or night vision technologies (Section 6.4).

As shown in Fig. 7.77, Richard Fiedler (German?, 18??–19??) invented the flamethrower in 1901,
and continued to develop improved versions until 1918. Bernard Reddemann and Gábor Szakáts
began developing improved flamethrowers in 1904 and 1915, respectively. Flamethrowers were first
used in combat in 1915. Whereas those World War I flamethrowers required three people to trans-
port and operate them, in 1935 Germany developed the first flamethrower that could be carried
and used by a single person; see Fig. 7.78. Flamethrowers have been widely used in wars since then.

German-speaking scientists continued to make improvements in flamethrowers throughout World
War II, and those improvements were transferred to other countries after the war. For example,
BIOS 250, German Research into Increasing Range and Performance of Flame Throwers, p. 5,
noted several wartime innovations that were identified for transfer:

I should like to bring to the attention the following four points arising out of this visit
to investigate German flame throwers. The interrogation and search for weapons was
guided principally by the endeavor to find out what the Germans were about to develop
and what theoretical ideas they had on the projection of fluids, and not so much on
existing battle weapons.
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1. B. Smits in Kassel has developed an original idea in the “creep spark plug”, the
application of which to the ignition of flame throwers is fool-proof and 100 per cent
e�cient and was just being applied to their tank flame throwing units.

2. The Marine Research Station at Kiel (Danisch Nienhof) had developed a dual noz-
zle flame thrower, which had the advantage of improving the psychological e↵ect of
the thickened flame throwing fuel jet besides definitely improving its lethal and anti-
personnel e�ciency. This overcomes one of the chief criticisms of the thickened fuel
flame jet in that in the e↵ort to improve range you lost the anti-morale e↵ect of the old
type of flame thrower. The dual combination of Ingolin and heavy density oils is worth
noting.

3. The results of Dr. Buch in Göppingen using the “sago” or dispersed swollen lumps in
thickened fuel principle are very interesting in improving the range of the flame thrower
into the 200 yards with a 32 mm. nozzle and 40–50 atmospheres pressure.

4. I would recommend the removal of Commander Jentsch and Dr. Eckhardt from the
Marine Research Station at Danisch Nienhof to Langhurst or elsewhere in England,
on the grounds that they are exceptional practical scientists, who could give us great
assistance in the development of oil technology in this country.

I think if handled correctly they would be very willing and successful collaborators in
technical developments much required here. Anyhow their stay in Danisch Nienhof is a
complete waste of good human material.

Owing to the time factor, the visit could not be completed and the flame throwing
research units in Munich and Vienna and an investigation of the Mauser works at
Oberndorf should be undertaken. In particular, the Research Laboratory of Professor
Ostwald in Munich was the first establishment (1926) to investigate the increase of
viscosity of hydrocarbons by the dispersion of soaps in the oils.

German-speaking creators also developed shaped-charge anti-tank weapons (pp. 459–464).
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Figure 7.68: Hugo Borchardt developed the first semi-automatic pistol, the Borchardt C93, in 1893.
Georg Luger improved upon that design to create the Luger semi-automatic pistol in 1900.
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Figure 7.69: The brothers Fidel, Friedrich, and Josef Feederle developed the Mauser C96 semi-
automatic pistol in 1896.
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Figure 7.70: Based on the earlier Luger design, Fritz Walther created the more advanced Walther
PP in 1929 and Walther P 38 in 1938. Many modern handguns still use these same designs and
features.
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Figure 7.71: Theodor Bergmann and Louis Schmeisser developed the Maschinengewehr MG 15,
an early machine gun, in 1915. Bergmann and one of Louis Schmeisser’s sons, Hugo Schmeisser,
developed the Maschinenpistole MP 18, the first practical submachine gun, in 1918.
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Figure 7.72: Louis Stange created the Maschinengewehr MG 30 machine gun in 1930.
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Figure 7.73: Heinrich Vollmer developed the first general-purpose machine gun, the MG 34, in 1934.
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Figure 7.74: Werner Gruner produced an improved general-purpose machine gun, the MG 42, in
1942.



7.5. HANDHELD WEAPONS 1067

Figure 7.75: Hugo Schmeisser created the Sturmgewehr StG 44 selective-fire assault rifle, the direct
ancestor of modern assault rifles, in 1944.
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Figure 7.76: Wilhelm Stähle and Ludwig Vorgrimler developed an improved selective-fire assault
rifle, the Sturmgewehr StG 45, in 1945.
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Figure 7.77: Richard Fiedler invented the flamethrower in 1901 and developed improved versions
until 1918. Bernard Reddemann and Gábor Szakáts began developing improved flamethrowers in
1904 and 1915, respectively.
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Figure 7.78: The first flamethrower that could be carried and used by a single person was the
Flammenwerfer 35, first produced in 1935.
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7.6 Ocean Engineering

German engineers masterminded the development of submarines, producing not only undersea- or
U-boats that revolutionized warfare during World Wars I and II, but also submarine technologies
that were the foundation of postwar submarine designs by the United States, Soviet Union, and
other countries.6

Wilhelm Bauer (Bavarian, 1822–1875) built and demonstrated the Brandtaucher prototype sub-
marine in 1850, and the larger Seeteufel in 1855. He also raised a sunken ship using balloons. See
Fig. 7.79.

Julius Kröhl (Prussian, 1820–1867), shown in Fig. 7.79, demonstrated the Sub Marine Explorer
prototype submarine 1863–1867.

Despite the early innovations by Wilhelm Bauer and Julius Kröhl, there was more French than
German work on submarine prototypes in the nineteenth century. By the early twentieth century,
though, German submarine designers had taken the lead, and continued to lead through World
War II.

As illustrated in Fig. 7.80, some key submarine designers included:

• Christoph Aschmoneit (German, 1901–1984): World War II submarines

• Gustav Berling (German, 1869–1943): World War I submarines

• Fritz Bröking (German, 1877–1961): Type VII and Type XXI submarine propulsion

• Ulrich Gabler (German, 1913–1994): Type XXII, XVII A, and XXVI submarines

• Friedrich Schürer (German, 1881–1948): Type VII and Type XXI submarine propulsion

• Hellmuth Walter (German, 1900–1980): air-independent submarine propulsion; V 80 teardrop
shape

Figure 7.81 presents plans for the Type UB III U-boat (built 1915–1918), as well as a photo of a
Type UB III, the UB-86, shown abandoned and grounded after World War I.

Similarly, Fig. 7.82 shows plans for the Type VII U-boat (built 1935–1945) and a photo of a Type
VII, the U-995, now on display at the Laboe Naval Museum. One can see that the Type VII was
essentially an updated version of the older Type UB III design.

6 Bishop and Ross 2016; Breyer 1999; Broelmann 2012; Geoghegan 2013; Herzog 1996; Hutchinson 2001; Köberl
1990; Köhl 1988; Krzysztalowicz 2012; Möller 2000; Polmar and Moore 2004; Eberhard Rössler 1987, 1998, 2005,
2010, 2016; Sakaida 2006; Schulze-Wegener 1997; Wetzel 1999; Wise 2005; NYT 1945-11-22 p. 16a, 1947-02-12 p. 10.
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Figure 7.83 presents plans for the much more advanced Type XXI U-boat (1943–1945) and shows
three Type XXI U-boats at the German naval base at Bergen, Norway. Figures 7.84–7.89 present
photographs of a Type XXI, the U-2540 “Wilhelm Bauer,” now on display at the German Maritime
Museum in Bremerhaven. The Type XXI submarine design was so advanced for its time that the
Allies considered it an extremely serious threat, even very late in the war. For example, the 12
January 1945 Top Secret Cable OUT 1005 from O�ce of Strategic Services Magruder to Bern
Switzerland [NARA RG 226, Entry UD-90, Box 7, Folder BERN—IN OUT 1944–1945] stated:

German program for new type submarines is perhaps most menacing aspect of German
war capabilities due to exceptional defensive characteristics of new submersibles. At
present only e↵ective defense is to interfere with their production. I refer to types
Roman number 21 and 23. Former of 1600 tons and latter of 200 tons plus. The 21 is
particularly dangerous. Both are prefabricated in various places and shipped in parts
to launching ports. Productive capacity and assembly speed high.

Please give priority to information permitting air attack on places of manufacture of pre-
fabricated hulls and routes to assembly ports. Also much desired is place of manufacture
of new and highly e�cient types of Diesel engines and batteries.

Of the 123 Type XXI U-boats in service during the war, 23 were destroyed by Allied attacks and
88 were scuttled by Germany at the end of the war. After the war, the remaining 12 operational
Type XXI submarines were divided among the U.S., U.K., France, and Soviet Union and studied
very closely [Breyer 1999, p. 38; Wetzel 1999; NYT 1945-11-22 p. 16a, 1947-02-12 p. 10]. As just
one example, on 12 February 1947, the New York Times reported:

The House Armed Services Committee gave unanimous approval today to construction
of two new experimental submarines embracing ideas gained from Allied war experi-
ences and seized German U-boats. It approved, subject to House action next week, the
Navy’s request for authority to spend up to $30,000,000 in already appropriated funds
to build the new vessels. The estimated cost of each submarine is from $11,000,000 to
$15,000,000.

U.S. submarine experts Norman Polmar and Kenneth Moore confirmed that postwar submarines in
the United States, Soviet Union, and other countries were based directly on the captured German
submarine technology [Polmar and Moore 2004, p. xi]:

Soviet and U.S. submarines of the Cold War era had the same origins: Their antecedents
were German U-boat developments of 1943–1945, especially the Type XXI, the most
advanced submarine to go to sea during World War II. The U.S. version of the Type XXI
was the Tang (SS 563) class, with similar features being incorporated in the K1-class
“killer” submarines and 52 conversions of war-built submarines in the so-called GUPPY
program. The Soviets adopted Type XXI features in the Whiskey and Zulu designs
and their successors. The U.S. and Soviet (as well as British) submarine communities
also had major interest in German closed-cycle, or “single-drive,” submarine propulsion
systems, with these submarines being evaluated in the postwar period by Britain and
the Soviet Union.
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Wartime prototype submarines that utilized a teardrop hull design for high speeds included the
V-80 (first demonstrated in 1940) and the Delphin (Dolphin, first demonstrated in 1944); see Fig.
7.90. Of course, the teardrop design was known much earlier from German airship designs (see
Section 9.1). The teardrop hull is sometimes called the Albacore hull after the first U.S. submarine
to use that shape, the USS Albacore, which was designed using captured German submarine designs
and launched in 1953.

German innovations in torpedo design included improved energy sources such as batteries (in G7e
torpedoes) and concentrated hydrogen peroxide (H2O2, called Ingolene). Other innovations included
improved guidance systems such as preprogrammed pattern running systems (Fat I/II and Lut I/II)
and acoustic homing systems (Falke and Zaunkönig).7 See Fig. 7.91.

German submarine bunkers were also quite sophisticated. For example, as shown in Fig. 7.92, the
U-boat bunker Bruno in Bergen, Norway could hold and service up to nine submarines at a time,
with six meters of overhead concrete reinforcement to protect them from Allied aerial bombing.

The Goliath low-frequency radio transmitter (Kalbe/Calbe an der Milde) could communicate with
submerged submarines around the world. It was 1600 m wide and 200 m high, radiated one mil-
lion Watts of electromagnetic power, and became operational in 1943 [Bauer 1997; Klawitter 1998;
www.kalbe-milde.de/gol.php]. See pp. 1090–1092. After the war, the Goliath transmitter was ex-
tensively studied by western Allied countries and completely removed by and reconstructed in the
Soviet Union, inspiring postwar low-frequency radio transmitters for submarine communications in
many countries.

An especially mysterious and historically important topic is how far wartime Germany may have
gotten in developing nuclear power for submarine propulsion, and how much that work influenced
and aided postwar work on nuclear submarine propulsion in the United States and other countries.
It seems very likely that there was such a wartime program, since Germany was very interested both
in developing fission reactors (Appendix D) and also in improving the performance of its submarines
(which were limited by needing air to power their diesel engines, except for short periods of fully
submerged operation using batteries). Unfortunately there is very little available documentation at
present. One intriguing comment long after the war came from Werner Grothmann, who had been
Heinrich Himmler’s chief adjutant [Krotzky 2002, p. 34; see p. 2363 regarding this source]:

Deshalb kann ich auch nichts dazu sagen,
was im einzelnen auf Bornholm war,
außer daß auch die Kriegsmarine dort et-
was machte. Vielleicht mit der Reichspost
zusammen. An den Vorüberlegungen zum
Atommotor für unsere U boote werden sie
dort nicht gearbeitet haben, das lief ja in
Berlin bei Rhein und der hatte sich dazu
Physiker ausgeliehen, die auch mal beim
Heereswa↵enamt unter Vertrag standen,
aber jedenfalls nicht bei der Reichspost.

That is why I cannot say anything in detail
about what was on Bornholm, except that
the German Navy did something there as
well. Maybe together with the Reichspost.
They would not have worked there on the
preliminary considerations for the atomic en-
gine for our submarines; that ran in Berlin
with [Admiral Wilhelm] Rhein and he had
borrowed physicists, who were also under
contract with the Army Ordnance O�ce, but
in any case not with the Reichspost.

7 Eberhard Rössler 2005; CIOS XXXII-69; NavTecMisEu LR 78-45; NavTecMisEu LR 79-45; NavTecMisEu LR 80-
45; NavTecMisEu 161-45; NavTecMisEu 202-45; NavTecMisEu 203-45; NavTecMisEu 204-45; NavTecMisEu 205-45;
NavTecMisEu 207-45; NavTecMisEu 208-45; NavTecMisEu 209-45; NavTecMisEu 211-45; NavTecMisEu 356-45.
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Admiral Wilhelm Rhein headed the Navy Weapons O�ce (Marinewa↵enamt, MWA) in Berlin.
He assembled a team of scientists (including Otto Haxel, Pascual Jordan, Helmut Hasse, Fritz
Houtermans, and others) that worked on applications of nuclear technology for the German navy.
Because so few documents from those programs survive (or have been declassified if they do survive),
it is currently unclear just how far those programs progressed by the end of the war.

At the very least, it is clear that wartime Germany adapted gas turbine engines for use in sub-
marines, and that those engines and methods were found and utilized by other countries after
the war. For example, BIOS 98, Report on German Development of Gas Turbines for Armoured
Fighting Vehicles, p. 78, stated:

Notes on the Interrogation of Dipl. Ing. Heinrich Holzapfel [...]

At Messrs. Bruckner-Kanis he was engaged on the development of turbines operating
on the hydrogen peroxide cycle, developed by the Walther Company of Hamburg. In
addition he was responsible for the development of gas turbines for torpedo boats.

For another example, see FIAT 291, Gas Turbine Project for a Schnell Boat Developed by Blohm
& Voss, Hamburg.

In September 1945, R. P. Linstead and T. J. Betts, the British and American chairs of the Combined
Intelligence Objectives Subcommittee, listed a number of important German innovations in ocean
engineering that were transferred to Allied countries after the war [AFHRA A5186 electronic version
pp. 904–1026, Ch. 4, pp. 70–71]:

The Germans had developed submarines which were capable of underwater operation
for sustained periods. It was discovered that one German submarine had operated for 40
days without surfacing. This was possible because of the “Schnorkel” which permitted
the charging of batteries and the operation of engines while submerged. The “Schnorkel”
is a tube-like device extending to the surface while the submarine hull is under water,
thereby permitting air intake and exhaust discharge.

Much research had been devoted to closed cycle engines. These engines were intended
to supplant the conventional type of Diesel, and permit underwater operation without
any air intake. The Germans employed extremely high concentrations of H2O2, liquid
oxygen, and hydrazine-hydrate as fuels. Investigation revealed that high underwater
speeds were achieved by use of these fuels in conjunction with new hull designs. U-boats
actually constructed obtained submerged speeds in excess of 24 knots. Submarines fully
equipped could sustain a 25 knot speed for 6 hours with an underwater operating radius
of 150 miles.

Intensive investigation was conducted regarding German torpedo developments. Tor-
pedoes powered by liquid oxygen [sic: hydrogen peroxide] of 80 to 85% concentration,
(Ingoline), were in large scale production. Torpedoes using this type of propulsion were
capable of speeds in excess of 45 knots. It was discovered that the Germans had devised
a method of employing salt water in torpedo propulsion motors, which obviated the ne-
cessity of providing fresh water tanks within the torpedo. The space and weight saving
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achieved enabled them to construct torpedoes capable of long ranges. Certain of these
torpedoes had a range of 21,000 yards at 45 knots.

American and British naval experts have conducted detailed investigations of new Ger-
man torpedo pistols.

The Germans were found to have used ultra-high boiler pressures and temperatures to
attain maximum speed for surface ships, with a minimum of ship’s space devoted to
power plants. [...]

Great quantities of highly classified German naval documents were obtained by US and
British naval investigators. These documents included the following:

1. General specifications for the construction of ships for the German Navy; other
specifications for machinery, and armament installations.

2. Complete plans for the Type 21 and Type 23 submarines and midget U-boats.

3. Plans and specifications for the latest type E-boats with the following characteris-
tics:

20 cylinder diesels, three 2500 HP motors capable of 42 knots speed, 35 meters
long, 5.2 meters beam.

4. Detailed specifications for hull and machinery of the 10,000 ton Deutschland, the
6,000 ton Karlsruhe and Nuremberg, the 26,000 ton battleships Gneisenau and
Scharnhorst, projected light cruisers “M” and projected battleship “O”.

5. Complete specifications for the hull, machinery and armament of the 21,000 ton
aircraft carrier Graf Zeppelin.

During the period 1937–1960, August Piccard (Swiss, 1884–1962), later assisted by his son Jacques
Piccard (Swiss, 1922–2008), developed a series of bathyscaphes in order to carry people to extreme
ocean depths, where the pressure would crush a normal submarine. See Fig. 7.96. In 1960 their
Trieste bathyscaphe reached the deepest known part of the ocean, the floor of the Challenger Deep
in the Mariana Trench, which is approximately 11 kilometers below the surface and has a pressure
approximately 1100 times greater than sea-level atmospheric pressure.
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Figure 7.79: Wilhelm Bauer built and demonstrated the Brandtaucher prototype submarine in
1850. Julius Kröhl demonstrated the Sub Marine Explorer prototype submarine 1863–1867.
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Figure 7.80: Some key submarine designers included Christoph Aschmoneit, Gustav Berling, Fritz
Bröking, Ulrich Gabler, Friedrich Schürer, and Hellmuth Walter.
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Figure 7.81: Plans for the Type UB III U-boat (built 1915–1918), and a Type UB III, the UB-86,
abandoned and grounded after World War I.
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Figure 7.82: Plans for the Type VII U-boat (built 1935–1945), and a Type VII, the U-995, now on
display at the Laboe Naval Museum.
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Figure 7.83: Plans for the Type XXI U-boat (1943–1945), and three Type XXI U-boats and one
Type VII U-boat at Bergen, Norway (May 1945).
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Figure 7.84: A Type XXI submarine, the U-2540 Wilhelm Bauer, now on display at the German
Maritime Museum in Bremerhaven.
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Figure 7.85: The engine room and the batteries of the U-2540 submarine.
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Figure 7.86: The control room and the torpedo room of the U-2540 submarine.
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Figure 7.87: The periscope of the U-2540 submarine.
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Figure 7.88: The ladder to the conning tower in the U-2540 submarine.
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Figure 7.89: One of the cabins with crew bunks in the U-2540 submarine.
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Figure 7.90: Prototype submarines that utilized a teardrop hull design for high speeds included the
V-80 (first demonstrated in 1940) and the Delphin (Dolphin, first demonstrated in 1944).
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Figure 7.91: German innovations in torpedo design included improved energy sources such as bat-
teries (in G7e torpedoes) and concentrated hydrogen peroxide (H2O2, called Ingolene). Other inno-
vations included improved guidance systems such as preprogrammed pattern running systems (Fat
I/II and Lut I/II) and acoustic homing systems (Falke and Zaunkönig).
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Figure 7.92: The U-boat bunker Bruno in Bergen, Norway could hold and service up to nine
submarines at a time, with six meters of overhead concrete reinforcement to protect them from
Allied aerial bombing.
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Figure 7.93: The Goliath low-frequency radio transmitter (Kalbe/Calbe an der Milde) could com-
municate with submerged submarines around the world. It was 1600 m wide and 200 m high,
radiated one million Watts of electromagnetic power, and became operational in 1943.
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Figure 7.94: The Goliath low-frequency radio transmitter (Kalbe/Calbe an der Milde) could com-
municate with submerged submarines around the world. It was 1600 m wide and 200 m high,
radiated one million Watts of electromagnetic power, and became operational in 1943.
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Figure 7.95: The Goliath low-frequency radio transmitter (Kalbe/Calbe an der Milde) could com-
municate with submerged submarines around the world. It was 1600 m wide and 200 m high,
radiated one million Watts of electromagnetic power, and became operational in 1943.
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Figure 7.96: August Piccard, later assisted by his son Jacques Piccard, developed a series of
bathyscaphes during the period 1937–1960 in order to reach the deepest parts of the ocean.
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7.7 Other Creations in Mechanical Engineering

German-speaking creators also invented many other important devices in the field of mechanical
engineering.8 This section contains just a few examples, but many others could be cited.

Although stationary clocks had been around for centuries, Peter Henlein (German States, 1485–
1542) invented the portable watch in 1505. Figure 7.97 shows the first Henlein watch from 1505
(upper right) and a very similar Henlein watch from 1530 (bottom).

Otto von Guericke (German states, 1602–1686) invented the water barometer, manometer, and air
pump. In 1650, he also created the “Magdeburg hemispheres” to demonstrate a vacuum; he pumped
the air out of the space formed by two steel hemispheres, then demonstrated that two teams of
horses could not pull the spheres apart (Fig. 7.98).

In the 1760s, Gotthard Friedrich Stender (Baltic German, 1714–1796) and Jacob Christian Schä↵er
(German states, 1718–1790) built clothes washing machines with agitator blades and mechanical
drives for multiple machines. See Fig. 7.99.

In the 1650s, Hans Hautsch (German states, 1595–1670) and Stephan Farfler or Far✏er (Ger-
man states, 1633–1689) invented and demonstrated tricycles and quadracycles powered by a hand-
cranked gearbox for use as wheelchairs by paraplegics. Farfler himself was a paraplegic or amputee
who made extensive use of such vehicles (Fig. 7.100).

Karl von Drais (German states, 1785–1851, Fig. 7.101) invented the first bicycle without pedals
in 1817, as well as an earlier quadracycle with pedals.9 1001 Inventions That Changed the World
explained [Challoner 2009, p. 268]:

[...F]ollowing some bad weather in 1812, the price of oats was climbing, and the German
inventor Karl Drais (1785–1851) was looking for something to replace hungry horses.
He designed a four-wheeled vehicle, powered by a servant sitting in the back pedaling,
while the master steered from the front with a tiller. It did not catch on and Drais
decided to focus instead on surveying equipment.

After the 1815 volcanic eruption, even worse weather caused oat prices to climb higher
still. The need for horseless transport was even more pressing, and so Drais tried again.
He switched from four wheels to two and got rid of the pedals completely. What he
invented in 1817 was called the draisine or the draisienne, depending on where you
lived.

8 Buchheim and Sonnemann 1990; Bunch and Hellemans 2004; Cardwell 1995; Challoner 2009; Gööck 2000; Heckl
2010, 2011; Heßler 2012; Jankowsky 2000; König 2000, 2009; König and Schneider 2007; Ludwig 1974; Lundgreen
and Grelon 1994; Radkau 1989, 2016; Technisches Museum Wien 2011; Weitensfelder 2009, 2013.

9 Challoner 2009; Ebeling 1985; Lessing 2003, 2010; Michael Rauck 1983.
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Philipp Moritz Fischer (German, 1812–1890) added pedals back to bicycles in 1853; see Fig. 7.102.10

Jakob Amsler-La↵on (Swiss, 1823–1912) invented the polar planimeter in 1854 (Fig. 7.103).

Hermann Sprengel (German states, 1834–1906) invented the first pump for creating a high vacuum
(<1/100,000,000 of normal atmospheric pressure), illustrated in Fig. 7.104.

As shown in Fig. 7.105, Hanns Hörbiger (Austrian, 1860–1931) invented the Hörbiger disc valve for
high-pressure chemistry, compressors, blast furnaces, and other applications.11

Johann Bohnenberger (German, 1765–1831) invented the gyroscope in 1817, as illustrated in Fig.
7.106. Hermann Anschütz-Kaempfe (German, 1872–1931) and Max Schuler (German, 1882–1972)
developed increasingly accurate gyrocompasses from 1904 onward. In 1923, Schuler developed the
principle of Schuler tuning that helps to ensure that gyroscopes remain accurate regardless of where
they are carried around the earth.

Viktor Kaplan (Austrian, 1876–1934) invented highly e�cient turbines with blades of adjustable
tilt for hydroelectric power (Fig. 7.107). His designs are still in use today.

Adolf Dassler (German, 1900–1978) designed sports shoes (ultimately called Adidas) from 1918
onward, while his brother Rudolf Dassler (German, 1898–1974) designed sports shoes (ultimately
called Puma) from 1924 onward; see Fig. 7.108 [Karlsch et al. 2019; Rolf-Herbert Peters 2007].

As illustrated in Fig. 7.109, scientists such as Franz Grashof (German, 1826–1893), Max Jakob
(German, 1879–1955), and Wilhelm Nusselt (German, 1882–1957) carried out measurements and
calculations of di↵erent modes of heat transfer. Dimensionless groups of parameters—the Grashof
number, the Jakob number, and the Nusselt number—are named in their honor and still widely
used in heat transfer calculations.

10 Feldhaus 1914; Germanisches Nationalmuseum 1985; Max Rauck et al. 1979; von Salvisberg 1980; Wendlandt
1913.

11https://www.fluid.de/faszination-fluid/erfinder-hanns-hoerbiger-und-das-stahlplattenventil-117.html
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Figure 7.97: Peter Henlein invented the portable watch in 1505. Upper right: the first Henlein watch
from 1505. Bottom: a very similar Henlein watch from 1530.
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Figure 7.98: Otto von Guericke invented the water barometer, manometer, and air pump, and he
also created the “Magdeburg hemispheres” to demonstrate a vacuum.
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Figure 7.99: In the 1760s, Gotthard Friedrich Stender and Jacob Christian Schä↵er built clothes
washing machines with agitator blades and mechanical drives for multiple machines.
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Figure 7.100: In the 1650s, Hans Hautsch and Stephan Farf(f)ler created tricycles and quadracycles
powered by a hand-cranked gearbox for use as wheelchairs by paraplegics.
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Figure 7.101: Karl von Drais invented the first bicycle without pedals in 1817.
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Figure 7.102: Philipp Moritz Fischer (1812–1890) created the first bicycle with pedals in 1853.
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Figure 7.103: Jakob Amsler-La↵on invented the polar planimeter in 1854.
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Figure 7.104: Hermann Sprengel invented the first pump for creating a high vacuum.
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Figure 7.105: Hanns Hörbiger invented the Hörbiger disc valve for high-pressure chemistry, com-
pressors, and other applications.
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Figure 7.106: Johann Bohnenberger invented the gyroscope in 1817. Hermann Anschütz-Kaempfe
and Max Schuler developed increasingly accurate gyrocompasses from 1904 onward.
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Figure 7.107: Viktor Kaplan invented highly e�cient turbines with blades of adjustable tilt for
hydroelectric power.
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Figure 7.108: Adolf Dassler designed Adidas sports shoes from 1918 onward, while his brother
Rudolf Dassler designed Puma sports shoes from 1924 onward.
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Figure 7.109: Scientists such as Franz Grashof, Max Jakob, and Wilhelm Nusselt carried out mea-
surements and calculations of di↵erent modes of heat transfer.



Chapter 8

Creators and Creations in Nuclear
Science and Engineering

Ins Ewige wiederholen...
. Keiner gönnt das Reich
Dem andern; dem gönnt’s keiner,
. der’s mit Kraft erwarb
Und kräftig herrscht.
. Denn jeder, der sein innres Selbst
Nicht zu regieren weiß,
. regierte gar zu gern
Des Nachbars Willen,
. eignem stolzem Sinn gemäß...
Hier aber ward ein großes Beispiel
. durchgekämpft:
Wie sich Gewalt
. Gewaltigerem entgegenstellt, [...]
Das wird sich messen.
. Weiß die Welt doch, wem’s gelang.
Wachfeuer glühen,
. rote Flammen spendende,
Der Boden haucht
. vergoßnen Blutes Widerschein, [...]
Der Zelten Trug verschwindet,
. Feuer brennen blau.
Doch über mir!
. welch unerwartet Meteor?
Es leuchtet und beleuchtet
. körperlichen Ball.

It repeats eternally...
. No one freely gives the realm
To another;
. to the one whose power won it
And whose strength rules.
. For everyone, who does not even know
How to govern his own inner self,
. would all too gladly rule over
His neighbour’s will,
. prompted by his own proud mind...
But here a great example was
. fought to the end,
How force battles
. against a greater force, [...]
This is tested.
. The world knows who won.
Bonfires glow,
. sending out red flames:
The ground is soaked
. with images of spilled blood, [...]
The illusion of dwellings vanishes;
. the fires burn blue.
But overhead,
. what sudden meteor is this?
It shines and illuminates
. the whole world.

Johann von Goethe. 1832. Faust Part Two.
Act II. Klassische Walpurgisnacht. Erichtho.
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A very large number of creators and creations in the field of nuclear science and engineering came
from the predominantly German-speaking central European research world.1 German-speaking con-
tributions to early nuclear science are well documented and widely accepted, and are summarized in
Sections 8.1–8.5 for radioactive imaging and diagnostics, radiation detectors, models of the atomic
nucleus, nuclear fission reactions, and nuclear fusion reactions.

German-speaking contributions to specific engineering applications of that science are a much more
complex topic, and far less well known by the general public in the modern world. As summarized in
Sections 8.6–8.8, German-speaking scientists played decisive roles not just in the world’s first nuclear
engineering program, but in all three of the world’s first nuclear engineering programs—the wartime
and postwar U.S./U.K. nuclear program, the wartime German program, and the postwar Soviet
program. (There is significant evidence that German-speaking scientists and their technologies
played critical roles in additional nuclear programs as well—France, Israel, etc.—but for reasons of
length this book will only focus on those first three programs.) For a presentation and analysis of
evidence that the wartime German nuclear program was much larger and more advanced than has
been generally recognized, see Appendix D.

Some well-known aspects of nuclear science were discovered outside the German-speaking world.2

Marie and Pierre Curie, as well as their daughter and son-in-law Irène and Frédéric Joliot-Curie,
characterized several radioactive elements at their Paris laboratory. Ernest Rutherford pioneered the
methods of experimental nuclear physics as he moved his lab from McGill University in Montreal to
the University of Manchester to the University of Cambridge. Enrico Fermi conducted early nuclear
physics experiments at his lab in Rome, before moving to the United States, where he played a key
role in the Manhattan Project.

On the other hand, a large number of major early nuclear discoveries came from the German-
speaking world, as illustrated by the numerous examples in this chapter.3

1In addition to specific references that are cited in di↵erent areas throughout this chapter, this chapter makes
use of general biographical and project information from: ACLS 2000; Albrecht et al. 1992; Ash and Söllner 1996;
Bar-Zohar 1967; Bower 1987; Bunch and Hellemans 2004; Challoner 2009; Cornwell 2003; Crim 2018; EB 1911, 2010;
Gillispie 1970–1990; Gimbel 1990a; Glatt 1994; Hall 2019; István Hargittai 2006, 2011; Linda Hunt 1991; Impey et
al. 2008; Jacobsen 2014; Koertge 2007; Kurowski 1982; Lasby 1971; Lusar 1956, 1971; Medawar and Pyke 2000; Mick
2000; Murray 2003; Nachmansohn 1979; NDB 1953–2020; Neufeld 2012; Nouzille and Huwart 1999; O’Reagan 2014,
2019; Porter 1994; Charles Walker 1946; Peter Watson 2010; Weitensfelder 2009.

I have deliberately left a blank space where images of some creators or creations should go.
Those are people or projects that I felt were important enough that they should definitely be shown in this book,
yet I have not yet been able to locate a suitable image that I have permission to use, despite my searches in Europe
and in the United States. If readers have any relevant images and could send them to me, I would be very grateful
and will include them in future editions of this book. Even where a suitable photo cannot be located, I believe that
leaving a blank space pays tribute both to the scientific importance of that creator or creation and to how that
historical fact has been very nearly forgotten.

2See for example: Beyer 1949; Cronin 2004; Curie 1938; Fermi 1950; Fermi 1987; L’Annunziata 2016; Reeves 2008;
Segrè 1970; Weart 1979.

3See for example: Bethe 1991, 1997; Blatt and Weisskopf 1952; Brown and Lee 2006; Otto Hahn 1968; Irving 1967;
L’Annunziata 2016; Nachmansohn 1979; Rife 1999; Schweber 2012; Sime 1996; Szanton 1992; Wigner 1967.



8.1. RADIOACTIVE IMAGING AND DIAGNOSTICS 1111

8.1 Radioactive Imaging and Diagnostics

X-rays were discovered by Wilhelm Röntgen (German, 1845–1923) in 1895, and Ludwig Zehnder
(Swiss, 1854–1949) was making detailed whole-body X-ray photographs of humans by 1896; see
Fig. 8.1. Of course, X-rays are still widely used for everything from medical exams and dental
checkups to airport baggage screening and mechanical parts inspections. Wilhelm Röntgen won the
first Nobel Prize in Physics in 1901. At that first Nobel Prize ceremony, C. T. Odhner, President
of the Royal Swedish Academy of Sciences, explained why the importance of Röntgen’s work was
already evident to the world [https://www.nobelprize.org/prizes/physics/1901/ceremony-speech/]:

The Academy awarded the Nobel Prize in Physics to Wilhelm Conrad Röntgen, Profes-
sor in the University of Munich, for the discovery with which his name is linked for all
time: the discovery of the so-called Röntgen rays or, as he himself called them, X-rays.
These are, as we know, a new form of energy and have received the name “rays” on
account of their property of propagating themselves in straight lines as light does. The
actual constitution of this radiation of energy is still unknown. Several of its charac-
teristic properties have, however, been discovered first by Röntgen himself and then by
other physicists who have directed their researches into this field. And there is no doubt
that much success will be gained in physical science when this strange energy form is
su�ciently investigated and its wide field thoroughly explored. Let us remind ourselves
of but one of the properties which have been found in Röntgen rays; that which is the
basis of the extensive use of X-rays in medical practice. Many bodies, just as they allow
light to pass through them in varying degrees, behave likewise with X-rays, but with the
di↵erence that some which are totally impenetrable to light can easily be penetrated by
X-rays, while other bodies stop them completely. Thus, for example, metals are impene-
trable to them; wood, leather, cardboard and other materials are penetrable and this is
also the case with the muscular tissues of animal organisms. Now, when a foreign body
impenetrable to X-rays, e.g. a bullet or a needle, has entered these tissues its location
can be determined by illuminating the appropriate part of the body with X-rays and
taking a shadowgraph of it on a photographic plate, whereupon the impenetrable body
is immediately detected. The importance of this for practical surgery, and how many
operations have been made possible and facilitated by it is well known to all. If we add
that in many cases severe skin diseases, e.g. lupus, have been successfully treated with
Röntgen rays, we can say at once that Röntgen’s discovery has already brought so much
benefit to mankind that to reward it with the Nobel Prize fulfils the intention of the
testator to a very high degree.

Ludwig Zehnder was also known for the Mach-Zehnder interferometer (p. 751).

Carl H. F. Müller (German, 1845–1912) began producing vacuum tubes in 1880 and X-ray tubes
in 1896. His company and its researchers remained at the forefront of producing instruments for
nuclear science until 1945.

During the period 1922–1924, Dirk Coster (Dutch, 1889–1950) developed X-ray spectroscopy, or
methods to separate di↵erent wavelengths of X-rays and use them to make new discoveries. Using
X-ray spectroscopy, Coster and George de Hevesy (Hungarian, 1885–1966) discovered hafnium in
1923 (p. 374).
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Figure 8.1: Wilhelm Röntgen discovered X-rays and made the first human X-ray in 1895. Ludwig
Zehnder made the first whole-body X-ray (a composite of nine X-ray films) in 1896.



8.1. RADIOACTIVE IMAGING AND DIAGNOSTICS 1113

Di↵erent isotopes of the same chemical element have the same number of protons and same num-
ber of electrons (and hence the same chemical properties), but di↵erent numbers of neutrons; that
di↵erence in neutron number creates a measurable mass di↵erence, and also makes some isotopes
radioactive. Isotope labeling of chemical molecules was developed by George de Hevesy, Hilde Levi
(German, 1909–2003), Friedrich Paneth (Austrian, 1887–1958), and Rudolph Schoenheimer (Ger-
man, 1898–1941); see Fig. 8.2. The ability to follow labeled molecules as they pass through chemical
reactions, biological systems, and the environment revolutionized our understanding of chemistry,
biology, and earth science, and radioisotope labeled molecules continue to be widely used for medical
diagnostics and cancer therapeutics. De Hevesy won a Nobel Prize in Chemistry in 1943. Professor
A. Westgren, member of the Nobel Committee for Chemistry, explained how extensive de Hevesy’s
work and its applications were [https://www.nobelprize.org/prizes/chemistry/1943/ceremony-speech/]:

This discovery was made some ten years ago and the study of chemical processes by
means of radioactive markers has since then been carried to such a point that it is now
widely used in laboratories throughout the world. De Hevesy has remained the prime
mover in this new field of activity and much first-class and important research has been
carried out by him and his co-workers. [...]

Phosphorus is an extremely important element in biological processes. The knowledge of
its functions in living organisms which has been acquired thanks to the use of radioactive
markers is therefore of the very greatest interest. De Hevesy succeeded in detecting where
and at what speed the various organic compounds of phosphorus are able to form and
the paths which they take in the animal organism. In order to form from a phosphate
which has been injected into the blood they must first penetrate into the cells. Acid-
soluble compounds of phosphorus form rapidly, whereas phosphatides closely related to
fatty substances are slower-forming. These latter form mainly in the liver, whence they
are carried by the blood plasma to the places where they will be consumed. De Hevesy
showed that the phosphatides of the chicken embryo are produced in the embryo itself
and that they cannot be extracted from the egg yolk.

De Hevesy also carried out several investigations with radioactive sodium and potas-
sium. He studied how physiological saline containing radioactive sodium which was
injected into a human subject first spread into the blood and then slowly penetrated
into the cells; he also studied the manner in which it is excreted. After 24 hours the
blood corpuscles had lost approximately half their sodium content.

In addition to the above-mentioned markers, several other active isotopes, such as mag-
nesium, sulphur, calcium, chlorine, manganese, iron, copper and zinc, have been used
for this type of research. In the case of the lighter elements it has also been possible
to use inactive isotopes such as heavy hydrogen, with an atomic weight of 2, nitrogen,
with an atomic weight of 15, and oxygen, with an atomic weight of 18. It is of course
less easy to determine the content of an inactive than of an active marker, but this
can be done by determinations of density or mass-spectrographically. To determine the
concentration of deuterium, or heavy hydrogen, which is twice as heavy as ordinary
hydrogen, is a relatively easy matter. De Hevesy used deuterium as marker in many
tests. He then noticed that a person who has drunk water containing heavy hydrogen
excretes deuterium in the urine after only 26 minutes. Frogs and fishes swimming in
water containing deuterium absorb it and, after about 4 hours, are in equilibrium with
the medium as far as the deuterium is concerned. Heavy nitrogen and heavy oxygen
have also been used in many investigations.
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Figure 8.2: George de Hevesy, Hilde Levi, Friedrich Paneth, and Rudolph Schoenheimer developed
isotope labeling of chemical molecules.
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Technetium, which is especially useful for radioisotope labeling due to its short half-life and readily
detectable gamma rays, was discovered in 1925 by Otto Berg (German, 1873–1939), Walter Noddack
(German, 1893–1960), and Ida Tacke Noddack (German, 1896–1978); see p. 371. Similarly, Berta
Karlik (Austrian, 1904–1990), shown in Fig. 8.3, worked out the radioactive decay process that
produces astatine, a previously undiscovered element (number 85) and ultimately an important
radioactive treatment for cancer.4

The principles of magnetic resonance imaging (MRI), also called nuclear magnetic resonance (NMR),
were developed by Felix Bloch (Swiss, 1905–1983) and I. I. Rabi (Austro-Hungarian by birth
and educated in the German-speaking scientific community, 1898–1988); see Fig. 8.4. For lay-
ing the foundations for MRI, Rabi won a Nobel Prize in Physics in 1944. At the award cere-
mony, Professor E. Hulthén praised the cleverness and utility of Rabi’s accomplishments [https://
www.nobelprize.org/prizes/physics/1944/ceremony-speech/]:

Let us now for a moment touch upon Rabi’s achievements in this field. Returning to the
essential point of the problem, let us put the question: How does the atom react to the
magnetic field? According to a theorem stated by the English mathematician Larmor,
this influence may be ascribed to a relatively slow precession movement on the part of
the electron and the atomic nucleus around the field direction—a gyromagnetic e↵ect
most closely recalling the gyroscopic movement performed by a top when it spins around
the vertical line. If the strength of the magnetic field is known, the magnetic factor of the
electron and of the atomic nucleus can also be estimated by this means, provided that
we can observe and measure these precessional frequencies. Rabi solved the problem in
a manner as simple as it was brilliant. Within the magnetic field was inserted a loop
of wire, attached to an oscillating circuit the frequency of which could be varied in the
same manner as we tune in our radio receiving set to a given wavelength. Now, when
the atomic beam passes through the magnetic field, the atoms are only influenced on
condition that they precess in time with the electric current in the oscillating circuit.
This influence might perhaps be described graphically: the nucleus performs a vault
(salto)—the technical term for which is a “quantum jump”—thereby landing in another
positional direction to the field. But this means that the atom has lost all chance of
reaching the detector and of being registered by it. The e↵ect of these quantum jumps
is observable by the fact that the detector registers a marked resonance minimum, the
frequency position of the registration being determined with the extraordinary precision
achievable with the radio frequency gauge. By this method Rabi has literally established
radio relations with the most subtile particles of matter, with the world of the electron
and of the atomic nucleus.

4As an aside, for this period in history, women appear to have been remarkably numerous and remarkably successful
in the greater German-speaking nuclear physics community. Hilde Levi, Ida Tacke Noddack, and Berta Karlik have
already been mentioned, and Marietta Blau, Maria Goeppert Mayer, and Lise Meitner are discussed in later sections.
While these were some of the most prominent women in the nuclear physics community, there were a number of
others as well. Unfortunately, even these most prominent women have been largely forgotten by history, except for
Meitner, who has been the subject of two major biographies in recent decades [Rife 1999; Sime 1996]. It would be
interesting to study whether other scientific fields had similarly large populations of female scientists who have been
neglected by historians, or if there were certain reasons that allowed women to go further in nuclear physics than in
many other fields of science and engineering at that time. (Of course, Marie Curie and her daughter Irène Joliot-Curie
are well-known examples of women who were successful in nuclear physics outside the German-speaking world.)
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Figure 8.3: Berta Karlik worked out the radioactive decay process that produces astatine, a pre-
viously undiscovered element (number 85) and ultimately an important radioactive treatment for
cancer.
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Figure 8.4: Felix Bloch and I. I. Rabi developed the principles of magnetic resonance imaging (MRI).
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Felix Bloch also won a Nobel Prize in Physics in 1952 for his own role in the development of
MRI and related techniques. 1952 Professor E. Hulthén, member of the Nobel Committee for
Physics, addressed him at the award ceremony [https://www.nobelprize.org/prizes/physics/1952/
ceremony-speech/]:

Professor Bloch. It would be di�cult in the few minutes at my disposal to try to give
the main features of the nuclear induction method for which you have been awarded
your Nobel Prize. It would be still more di�cult for me to give an exhaustive account
of the ways that led you to this invention.

You began your career as a theoretical physicist, well-known for your fundamental
contributions to the theory of metals.

When, quite unexpectedly, you went over to experimental research, this must have
been, I feel, with deliberation and assurance. For you had in your kitbag a tool of
extraordinary value, the method for the magnetic polarization of a beam of neutrons.
The inestimable value of possessing a good idea, of indefatigably testing and perfecting
it, is best illustrated by your precision-measurements of the magnetic moment of the
neutron, one of the most di�cult and at the same time most important tasks in nuclear
physics.

But ideas give birth to new ideas, and it was, as I understand, in this way that you
hit upon the excellent notion of eliminating the di�cult absolute determination of the
magnetic field by a direct measurement of the neutron moment in units of the proton
cycle (the nuclear magneton). According to your own account it was this solution which
finally led you to the nuclear induction method.

MRI was further developed by a number of scientists from the 1950s to the 1970s (most notably
the American chemist Paul Lauterbur and the British physicist Peter Mansfield) and is now widely
used for medical diagnostics and chemical analysis.

As shown in Fig. 8.5, Frans Penning (Dutch, 1894–1953), Wolfgang Paul (German, 1913–1993,
not to be confused with the theoretical physicist Wolfgang Pauli), and Hans Dehmelt (German,
1922–2017) developed electromagnetic mass spectrometers and electromagnetic ion traps (Pen-
ning traps) to confine small numbers of ions of di↵erent elements for direct measurements. For
that work, Paul and Dehmelt won the Nobel Prize in Physics in 1989. Professor Ingvar Lind-
gren of the Royal Swedish Academy of Sciences explained the importance of their innovations
[https://www.nobelprize.org/prizes/physics/1989/ceremony-speech/]:

An atom has certain fixed energy levels, and transition between these levels can take
place by means of emission or absorption of electromagnetic radiation, such as light.
Transition between closely spaced levels can be induced by means of radio-frequency
radiation, and this forms the basis for so-called resonance methods. The first method of
this kind was introduced by Professor I. Rabi in 1937, and the same basic idea underlies
the resonance methods developed later, such as nuclear magnetic resonance (NMR),
electron-spin resonance (ESR) and optical pumping. [...]

The dream of the spectroscopist is to be able to study a single atom or ion under
constant conditions for a long period of time. In recent years, this dream has to a large
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extent been realized. The basic tool is here the ion trap, which was introduced in the
1950s by another of this year’s laureates, Wolfgang Paul in Bonn. His technique was
further refined by the third laureate, Hans Dehmelt, and his co-workers in Seattle into
what is now known as ion-trap spectroscopy.

Dehmelt and his associates used this spectroscopy primarily for studying electrons, and
in 1973 they succeeded for the first time in observing a single electron in an ion trap, and
in confining it there for weeks and months. One property of the electron, its magnetic
moment, was measured to 12 digits, 11 of which have later been verified theoretically.
This represents a most stringent test of the atomic theory known as quantum electro-
dynamics (QED).

In a similar way, Dehmelt and others were later able to trap and study a single ion,
which represents a true landmark in the history of spectroscopy. The technique is now
being used in development of improved atomic clocks, in particular at the National
Institute for Standards and Technology (formerly the National Bureau of Standards) in
Boulder, Colorado.

Two other especially noteworthy scientists who worked on the medical implications and applications
of radiation were Nikolai Timofée↵-Ressovsky (Russian but worked in Germany 1925–1945, lived
1900–1981) and Karl Günter Zimmer (German, 1911–1988). Along with Max Delbrück, in 1935 they
published a groundbreaking paper on the e↵ects of radiation on genetic mutations and structure
(p. 83). They also studied applications of radiation in neuroscience and other areas of biology. In
1945, Timofée↵-Ressovsky, Zimmer, and some of their colleagues moved to Russia and continued to
study the biological e↵ects of radiation as part of the German-speaking scientific community there.
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Figure 8.5: Frans Penning, Wolfgang Paul, and Hans Dehmelt developed electromagnetic mass
spectrometers and electromagnetic ion traps.
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8.2 Radiation Detectors

German-speaking scientists developed the major electrical methods of detecting radiation. Hans
Geiger (German, 1882–1945) and Walther Müller (German, 1905–1979) developed Geiger coun-
ters or Geiger-Müller tubes between 1908 and 1928, while Heinrich Greinacher (Swiss, 1880–1974)
developed similar proportional or spark counters in 1920; see Fig. 8.6.

Marc Shampo and his scientific colleagues gave an overview of Geiger’s contributions [Shampo
2011]:

The German physicist Hans Wilhelm Geiger is best known as the inventor of the Geiger
counter to measure radiation. In 1908, Geiger introduced the first successful detector of
individual alpha particles. Later versions of this counter were able to count beta particles
and other ionizing radiation. The introduction in July 1928 of the Geiger-Müller counter
marked the introduction of modern electrical devices into radiation research. [...]

In 1925, Geiger accepted his first teaching position, which was at the University of
Kiel, Germany. Here, he and Walther Müller improved the sensitivity, performance,
and durability of the counter, and it became known as the “Geiger-Müller counter.”
It could detect not only alpha particles but also beta particles (electrons) and ionizing
photons. The counter was essentially in the same form as the modern counter.

In 1929, Geiger moved to the University of Tübingen (Germany), where he was named
professor of physics and director of research at the Institute of Physics. In 1929, while at
the Institute, Geiger made his first observations of a cosmic-ray shower. Geiger continued
to investigate cosmic rays, artificial radioactivity, and nuclear fission after accepting a
position in 1936 at the Technische Hochschule in Berlin, a position he held until his
death. In 1937, with Otto Zeiller, Geiger used the counter to measure a cosmic-ray
shower.

German-speaking scientists also created the major optical methods of detecting radiation; see Fig.
8.7. The development of X-ray photography by Röntgen and Zehnder has already been mentioned
in the previous section. Marietta Blau (Austrian, 1894–1970) demonstrated that photographic film
could also be used to make practical particle detectors during the period 1927–1937. Hartmut
Kallmann (German, 1896–1978) created organic scintillator particle detectors that emitted light
when radiation passed through them, and Karl Przibram (Austrian, 1878–1973) developed inorganic
scintillator detectors with that same property.
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Figure 8.6: Geiger-Müller radiation detectors were developed by Hans Geiger and Walther Müller.
Similar proportional and spark counter radiation detectors were developed by Heinrich Greinacher.
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Figure 8.7: Marietta Blau developed photographic film particle detectors, Hartmut Kallmann cre-
ated organic scintillator particle detectors, and Karl Przibram developed inorganic scintillator de-
tectors.
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Walther Bothe (German, 1891–1957, photo on p. 1169) developed methods of detecting a variety
of di↵erent types of radiation, including alpha particles in 1927, cosmic rays in 1929, and neutrons
in 1930. For this work, he won the Nobel Prize in Physics in 1954. Professor I. Waller, member
of the Nobel Committee for Physics, described Bothe’s accomplishments [www.nobelprize.org/
prizes/physics/1954/ceremony-speech/]:

Professor Walther Bothe, who shares this year’s Nobel Prize with Professor Born, began
his scientific activity as a theoretical physicist.

The work for which he has now been rewarded with the Nobel Prize was carried out
by him in Berlin actually as an experimental physicist. These labours were based on a
new use of counter tubes. A counter tube has the property of transmitting an electric
current when a charged particle, e.g. an electron, passes through it; and also, with
special contrivances, when a light particle collides with it. Bothe’s idea was to use two
counter tubes in such a manner that the two tubes would only register simultaneous
collisions. Such coincidences can only come from two particles emitted in the same
elemental process, or from a particle which has travelled through both tubes at high
velocity so that the time it takes for the particle’s passing from one tube to the other
can be neglected.

Bothe used this coincidence method in 1925 and also with improved apparatus about
ten years later in order to decide whether the energy rule as well as its complement,
the so-called impulse rule, is valid for every collision between a light particle and an
electron—as Einstein and Compton assumed—or whether those rules are valid only on
average for a large number of collisions—as Bohr and his collaborators had inferred.
By investigating light particles and electrons by the coincidence method, Bothe and his
co-workers were able to show convincingly that the rules mentioned are valid for every
individual collision. This result was of great significance in principle. The coincidence
method has been widely used in the study of cosmic radiation and is one of the most
important experimental aids in the investigation of cosmic radiation. This method was
first used in this way by Bothe when he was working with Kolhörster who had already
given important contributions in the field of cosmic radiation. Bothe and Kolhörster
used the coincidence method to pick out those particles in the cosmic radiation which
had travelled through two counter tubes. The absorption of cosmic radiation into various
materials was determined by placing layers of these substances between the tubes and
studying the corresponding reduction in the number of coincidences. It was found that
these particles are absorbed at about the same extent as the total cosmic radiation.
From the experiments the particularly important result was obtained, that at sea level,
cosmic radiation consists in the main of particles of very high penetration.

Bothe and other researchers later improved the coincidence method and extended its
field of application. This method has now become one of the most important aids in the
study of both nuclear reactions and cosmic radiation.

By many other discoveries and penetrating investigations also, Bothe has enriched our
knowledge in these fields in very great measure and has provided an important stimulus
to other researchers.

Following the suggestions of Heinz Maier-Leibnitz (German, 1911–2000), during the period 1953–
1958 Rudolf Mössbauer (German, 1929–2011) developed recoilless nuclear resonance absorption,
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which became known as the Mössbauer e↵ect or Mössbauer spectroscopy (Fig. 8.8). Mössbauer won
the Nobel Prize in Physics in 1961. Professor I. Waller, member of the Nobel Committee for Physics,
described the significance of this work [www.nobelprize.org/prizes/physics/1961/ceremony-speech/]:

Professor Rudolf Mössbauer’s investigations concern the emission and absorption of
gamma radiation by the atomic nuclei. This radiation is of the same kind as the light
and the radio waves. It is well known that incoming radio waves can be received only
if the receiver is tuned to the same frequency as the sender. Resonance is then taking
place. It has since long been tried to observe the corresponding phenomenon for nuclei,
where it is called “resonance absorption”. The method was to let gamma radiation from
some kind of nuclei act upon other nuclei of exactly the same kind. There is however
a certain di�culty connected with this experiment. The gamma radiation can be con-
sidered as made up of particles. When emitting a gamma particle the atom receives a
recoil whereby the energy and therefore also the frequency of the gamma radiation is
decreased. The same phenomenon occurs when the gamma particle is absorbed in the
receiving nucleus. The resonance will be completely destroyed if the frequency change
is not compensated for, as had been done already before Mössbauer’s work. Mössbauer
discovered experimentally and showed also theoretically that for atoms bound in a
solid, an appreciable part of the radiation can be emitted without frequency change
whereby the resonance absorption can be studied directly. This discovery was published
by Mössbauer in 1958. Because of the very small width of the gamma lines the reso-
nance is very sharp and can, as Mössbauer found, be influenced and finally inhibited by
the Doppler e↵ect if the source or the absorber for the gamma radiation is moved. The
velocities required depend upon the sharpness of the gamma line and can be as small
as some millimeters per hour.

Mössbauer’s discovery has been received with considerable interest. Research on the
Mössbauer e↵ect has been started at a great number of places. It has thereby been
possible to verify in the laboratory, fundamental consequences of Einstein’s theory of
relativity. Other important applications depend on the separation and displacement of
nuclear energy levels which occur in solids because of the influence of the surround-
ings. Many phenomena of this kind can in spite of their smallness be studied by the
Mössbauer e↵ect. It has been possible in this way to get most important information
on the properties of solids.

Mössbauer made his discovery when he investigated the resonance absorption on the
suggestion of Professor Maier-Leibnitz in München. He found then some unexpected
results which he investigated systematically and was thereby led to his discovery. [...]

Professor Mössbauer. While doing research for your doctor’s thesis you have discovered
an unexpected e↵ect which now bears your name. You have explained this e↵ect ex-
perimentally and theoretically, and thereby created a device which is of fundamental
importance in numerous realms of physics, and which is nowadays being investigated
and put to use in a large number of physical laboratories. By your discovery it has be-
come possible to examine precisely, numerous important phenomena formerly beyond
or at the limit of attainable accuracy of measurement.

All of these types of radiation detectors that were developed by German-speaking scientists are still
widely used today.
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Figure 8.8: Following the suggestions of Heinz Maier-Leibnitz, Rudolf Mössbauer developed recoil-
less nuclear resonance absorption, or Mössbauer spectroscopy.
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8.3 Models of the Atomic Nucleus

Scientists from the German-speaking world were largely responsible for developing detailed mathe-
matical models of the atomic nucleus, which were necessary for predicting various types of radioac-
tive decays and nuclear reactions [Karen Johnson 2004; Shaviv 2012]; see Figs. 8.9–8.12.

Serious study of the internal structure of the nucleus arguably began in 1913, when Kasimir Fa-
jans (Polish, 1887–1975) first worked out the radioactive displacement law of how alpha and beta
radioactive decay transform one element into another.

In 1935, Carl Friedrich von Weizsäcker (German, 1912–2007) published a remarkably comprehensive
and detailed mathematical model of the structure and energy levels of the nucleus (Figs. 8.11–8.12).
It is still widely used today to accurately predict nuclear decays and reactions, and is known as
the von Weizsäcker semi-empirical mass formula. Hans Bethe (German, 1906–2005) modified and
utilized von Weizsäcker’s formula in his own research. George Stetter (Austrian, 1895–1988) also
conducted very early and very meticulous comparisons of theoretical and experimental results of
nuclear energy levels and masses (Fig. 8.11).

George Gamow (Russian but educated and worked in Germany, lived 1904–1968) applied quantum
physics to nuclear models in order to explain the rates of alpha decay [Gamow 1932].

Victor Weisskopf (Austrian, 1908–2002) and John (Johann) M. Blatt (Austrian, 1921–1990) pro-
duced what was at the time (and arguably remains, apart from coverage of the shell model) the
most comprehensive theoretical compilation of information on nuclear structure [Blatt and Weis-
skopf 1952].

The most puzzling detail of nuclear models was working out the shell model of the “magic numbers”
of protons and neutrons that are required to fill di↵erent energy levels within the nucleus. Victor
Goldschmidt (Swiss, 1888–1947), Walter Elsasser (German, 1904–1991), and Kurt M. Guggen-
heimer (German, 19??–19??) made very insightful proposals in the 1930s that partially explained
the shell model’s magic numbers. The final details of the shell model were worked out in the 1940s
by Otto Haxel (German, 1909–1998), Johannes Hans Jensen (German 1907–1973), Maria Goeppert
Mayer (German, 1906–1972), Hans Suess (Austrian, 1909–1993), and Eugene Wigner (Hungarian,
1902–1995).

Johannes Hans Jensen, Maria Goeppert Mayer, and Eugene Wigner won the 1963 Nobel Prize
in Physics for their contributions to nuclear models. Professor I. Waller, member of the Nobel
Committee for Physics, gave an overview of their contributions, as well as those of Walter Elsasser,
Otto Haxel, and Hans Suess [https://www.nobelprize.org/prizes/physics/1963/ceremony-speech/]:

In order to be able to calculate the motion of the nucleons it was, however, necessary
to know also the forces which act between them. A very important step in the inves-
tigation of these forces was taken by Wigner in 1933 when he found, deducing from
some experiments, that the force between two nucleons is very weak except when their
distance apart is very small but that the force is then a million times stronger than the
electric forces between the electrons in the outer part of the atoms. Wigner discovered
later other important properties of the nuclear forces.

Notwithstanding the e↵orts of many physicists our knowledge of the nuclear forces is yet
rather incomplete. It was therefore fundamentally important that Wigner could show
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that most essential properties of the nuclei follow from generally valid symmetries of
the laws of motion. Earlier Wigner had performed pioneering work by studying such
symmetries in the laws of motion for the electrons and had made important discoveries
by investigating e.g. those symmetries which express the fact that the laws mentioned
make no di↵erence between left and right and that backward in time according to them
is equivalent to forward in time. These investigations were extended by Wigner to the
atomic nuclei at the end of the 1930’s and he explored then also the newly discovered
symmetry property of the force between two nucleons to be the same whether either of
the nucleons is a proton or a neutron. This work by Wigner and his other investigations
of the symmetry principles in physics are important far beyond nuclear physics proper.
His methods and results have become an indispensable guide for the interpretation of
the rich and complicated picture which has emerged from recent years’ experimental
research on elementary particles. [...]

Wigner has made many other important contributions to nuclear physics. He has given a
general theory of nuclear reactions and has made decisive contributions to the practical
use of nuclear energy. He has, often in collaboration with younger scientists, broken new
paths in many other domains of physics.

It was found during the 1920’s and in particular during the 1930’s that the protons
and the neutrons each form particularly stable systems in an atomic nucleus when the
numbers of either kind of nucleons is one of the so-called magic numbers 2, 8, 20, 28,
50, 82 and 126. Several physicists, in particular Elsasser, tried to interpret the magic
numbers in analogy to Niels Bohr’s successful explanation of the periodic system of the
elements. It was then assumed that the nucleons move in orbits in a common field of
force and that these orbits are arranged in so-called shells which are energetically well
separated. The magic numbers should correspond to complete shells. This interpretation
was successful for light nuclei. It was, however, not possible to explain more than the
three first magic numbers and for many years another model dominated.

A paper published by Goeppert Mayer in 1948 marked the beginning of a new era in the
appreciation of the shell model. For the first time convincing evidence was there given
for the existence of the higher magic numbers and it was stressed that the experiments
support the existence of closed shells very strongly.

Somewhat later Goeppert Mayer and independently Haxel, Jensen and Suess published
the new idea, which was needed for the explanation of the higher magic numbers. The
idea was that a nucleon should have di↵erent energies when it “spins” in the same or
opposite sense as it revolves around the nucleus.

Goeppert Mayer and Jensen collaborated later on the development of the shell model.
They published together a book, where they applied the model to the extensive exper-
imental material on atomic nuclei. They gave convincing evidence for the great impor-
tance of the shell model in systematizing this material and predicting new phenomena
concerning the ground state and the low excited states of the nuclei. The general meth-
ods introduced by Wigner have been most important for the applications of the shell
model. It has also been possible to give a deeper justification of the shell model. Its
fundamental importance has thereby been further confirmed.
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Figure 8.9: Mathematical models of nuclear structure and decays were developed or improved
by Hans Bethe, John (Johann) Blatt, Walter Elsasser, Kasimir Fajans, George Gamow, Victor
Goldschmidt, K. M. Guggenheimer, Otto Haxel, and Werner Heisenberg.
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Figure 8.10: Mathematical models of nuclear structure and decays were also developed or improved
by Johannes Hans Jensen, Maria Goeppert Mayer, Lise Meitner, Georg Stetter, Hans Suess, Victor
Weisskopf, Carl Friedrich von Weizsäcker in 1935, and Eugene Wigner.
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Figure 8.11: Just a few examples of seminal works on nuclear models by German-speaking scientists.
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Figure 8.12: Nuclear binding energies in millions of electron-volts (MeV) as given by the von
Weizsäcker semi-empirical mass formula with shell model corrections, for nuclei with Z protons, N
neutrons, and A = Z +N nucleons.
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8.4 Nuclear Fission Reactions

Fission is the separation of a large (parent) nucleus into two smaller nuclei, and it can be either
spontaneous (essentially a form of radioactive decay) or induced by neutron absorption. In addition
to the two smaller nuclei, fission also generally produces a few loose neutrons and a large amount of
energy. If the loose neutrons from one fission reaction are absorbed by other nuclei and cause them
to fission as well, leading to the release of still more fission-inducing neutrons, a chain reaction can
occur. Because a chain reaction can cause many nuclei to undergo fission and release their energy
within a short period of time, it can be used to create everything from controlled fission power
reactors to uncontrolled fission explosives.

In 1934, fission reactions were first theoretically predicted by Ida Tacke Noddack (German, 1896–
1978), who together with her husband Walter Noddack (German, 1893–1960) had previously dis-
covered the elements rhenium and technetium (p. 371). See Figs. 8.13–8.14. In the following quote
from her often-overlooked but astonishing paper, Ida Noddack correctly predicted both neutron-
induced fission of uranium and neutron capture in uranium to produce element 93, which would
beta-decay to element 94 (plutonium) that could be easily chemically separated from the remaining
parent uranium [Noddack 1934]:

Man kann ebensogut annehmen, daß bei
dieser neuartigen Kernzertrümmerung
durch Neutronen erheblich andere “Kern-
reaktionen” stattfinden, als man sie bisher
bei der Einwirkung von Protonen- und
↵-Strahlen auf Atomkerne beobachtet hat.
Bei den letztgenannten Bestrahlungen
findet man nur Kernumwandlungen unter
Abgabe von Elektronen, Protonen und
Heliumkernen, wodurch sich bei schweren
Elementen die Masse der bestrahlten
Atomkerne nur wenig ändert, da nahe
benachbarte Elemente entstehen. Es wäre
denkbar, daß bei der Beschießung schw-
erer Kerne mit Neutronen diese Kerne in
mehrere größere Bruchstücke zerfallen, die
zwar Isotope bekannter Elemente, aber
nicht Nachbarn der bestrahlten Elemente
sind.

[...A]us dem �-strahlenden Element 93
das Element 94 entstehen müßte. Dieses
Element sollte man verhältnismäßig leicht
chemisch von 93 trennen können.

One could assume equally well that when
neutrons are used to produce nuclear
disintegrations, some distinctly new nu-
clear reactions take place which have not
been observed previously with proton or
alpha-particle bombardment of atomic
nuclei. In the past one has found that
transmutations of nuclei only take place
with the emission of electrons, protons, or
helium nuclei, so that the heavy elements
change their mass only a small amount to
produce near neighboring elements. When
heavy nuclei are bombarded by neutrons,
it is conceivable that the nucleus breaks up
into several large fragments, which would
of course be isotopes of known elements but
would not be neighbors of the irradiated
element.

[...B]eta decay of element 93 must produce
element 94. It should be relatively easy
to separate this element chemically from
element 93.
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At the Kaiser Wilhelm Institute for Chemistry in Berlin-Dahlem, Otto Hahn (German, 1879–1968)
and Fritz Strassmann (German, 1902–1980) experimentally demonstrated neutron-induced fission
of uranium into lighter elements in 1938 (Fig. 8.14), and published their results in January 1939
[Hahn and Strassmann 1939]:

[...] Bei der energetisch nicht leicht zu
verstehenden Bildung von Radiumisotopen
aus Uran beim Beschießen mit langsamen
Neutronen war eine besonders gründliche
Bestimmung des chemischen Charakters
der neu entstehenden künstlichen Radioele-
mente unerläßlich. Durch die Abtrennung
einzelner analytischer Gruppen von Ele-
menten aus der Lösung des bestrahlten
Urans wurde außer der großen Gruppe
der Transurane eine Aktivität stets bei
den Erdalkalien (Trägersubstanz Ba), den
seltenen Erden (Trägersubstanz La) und
bei Elementen der vierten Gruppe des
Periodischen Systems (Trägersubstanz
Zr) gefunden. Eingehender untersucht
wurden zunächst die Bariumfällungen,
die o↵ensichtlich die Anfangsglieder der
beobachteten isomeren Reihen enthielten.
Es soll gezeigt werden, daß Transurane,
Uran, Protactinium, Thorium und Ac-
tinium sich stets leicht und vollständig
von der mit Barium ausfallenden Aktivität
trennen lassen. [...]

[...] Since it is not easy to understand from
energy considerations how radium isotopes
can be produced when uranium is bom-
barded with slow neutrons, a very care-
ful determination of the chemical properties
of the new artificially made radioelements
was necessary. Various analytic groups of
elements were separated from a solution
containing the irradiated uranium. Besides
the large group of transuranic elements,
some radioactivity was always found in the
alkaline-earth group (barium carrier), the
rare-earth group (lanthanum carrier), and
also with elements in group IV of the peri-
odic table (zirconium carrier). The barium
precipitate was the first to be investigated
more thoroughly, since it apparently con-
tains the parent isotopes of the observed
isomeric series. The goal was to show that
the transuranic elements, and also uranium,
protactinium, thorium, and actinium could
always be separated easily and completely
from the activity which precipitates with
barium. [...]

The fission reaction results of Hahn and Strassmann were further analyzed in 1939 by Lise Meitner
(Austrian, 1878–1968, Fig. 8.14) and her nephew Otto Frisch (Austrian, 1904–1979, photo on p.
1146). The news of fission reactions provoked strong scientific and political responses around the
world, immediately launched major nuclear programs in Germany, the United States, and the
United Kingdom, aroused interest that eventually gave rise to serious nuclear programs in many
other countries, and of course made possible everything from fission reactors to fission bombs.

For his research on fission, Otto Hahn won the 1944 Nobel Prize in Chemistry, which was de-
layed by the war as well as his postwar internment at Farm Hall in the United Kingdom (p.
2862). In awarding the Prize, Professor A. Westgren of the Nobel Committee in Chemistry noted
[www.nobelprize.org/prizes/chemistry/1944/ceremony-speech/]:

In collaboration with Lise Meitner, with whom he has worked for nearly thirty years,
Hahn studied from 1936 to 1938 the products obtained by projecting neutrons on to the
heaviest elements, thorium and uranium. [...] But towards the end of 1938, Hahn, in an
investigation carried out with one of his young colleagues, F. Strassmann, found that
one of the products formed through the reaction of uranium with neutrons and which
had been assumed to be a kind of radium, behaved chemically in fact like barium. In
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January 1939 Hahn announced this discovery and expressed in very discreet terms the
daring opinion that on being allied with neutrons, the atoms of the heaviest elements
could split in half as it were and produce elements belonging to the middle of the
Periodic Table of the elements. [...]

Hahn’s discovery caused great surprise and evoked lively interest among the world’s
scientists. It was immediately made the object of important theoretical investigations
by Lise Meitner and Frisch, who based their study on the theory of the structure of
atomic nuclei developed by Bohr. [...]

Without equal in the art of the chemical identification of radioactive elements in minute
quantities, Hahn, together with his colleagues, paved the way for the chemical research
which had to be carried out on the numerous products of the splitting of heavy atomic
nuclei. [...]

The discovery of nuclear fission is very momentous and indeed dangerous, but even
more, it is full of promise. [...]

Hahn’s work has been inspired throughout by an invincible desire to solve the problems
which he has encountered.

For additional information on the history of nuclear fission research in the German-speaking world,
see Appendix D.
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Figure 8.13: The fission reaction rate depends on the potential energy peak or fission barrier that one
nucleus must pass through in order to become two separate nuclei. The parent nucleus undergoing
fission has Z protons, N neutrons, and A = Z +N nucleons.
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Figure 8.14: In 1934, Ida Tacke Noddack accurately predicted nuclear fission of uranium, and
also the production of a new fissile element 94 (plutonium). Otto Hahn and Fritz Strassmann
demonstrated uranium fission reactions in their 1938 experiment, and then Lise Meitner and her
nephew Otto Frisch provided further theoretical analysis.
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8.5 Nuclear Fusion Reactions

In fusion, two small nuclei join together to form a larger nucleus, generally releasing a large amount
of energy in the process. Forcing small nuclei together even though they are positively charged
and repel each other typically requires enormous thermal energies (temperatures) and pressures.
If fusion fuel is so dense and so well confined that the energy released by one fusion reaction is
trapped within the fuel and triggers additional fusion reactions, a chain reaction of fusion reactions
can occur (analogous to the chain reaction of fission reactions). Stars and hydrogen bombs are both
su�ciently large and dense to trap the fusion energy and sustain a fusion chain reaction. To date
it has not been possible to create a practical fusion reactor, though, since too much of the fusion
energy escapes from any system that is smaller (and less destructive) than a hydrogen bomb.

Fusion reactions such as those that power the sun and other stars were proposed and theoretically
analyzed by Fritz Houtermans (German, 1903–1966) and his student Robert Atkinson (British but
studied in Germany, 1903–1966) in 1929 (Figs. 8.15–8.16). The abstract from that paper demon-
strates the remarkable and very early insight that Houtermans and his student had [Atkinson and
Houtermans 1929a]:

Die quantenmechanische Wahrschein-
lichkeit dafür, daß ein Proton in einen
Atomkern eindringt, wird nach der Meth-
ode von Gamow berechnet. Dabei zeigt
sich, daß unter den Temperatur- und
Dichteverhältnissen im Innern der Sterne
die Eindringung von Protonen, nicht aber
von ↵-Teilchen, in leichtere Elemente
genügend häufig vorkommt, um dort einen
Aufbau dieser Elemente wahrscheinlich
erscheinen zu lassen. Daraus ergibt sieh
die Möglichkeit, die Energieentwicklung
der Sterne auss den Massendefekten der
Elemente zu erklären, wobei die Annahme
von Sechserstößen für den He-Aufbau ver-
mieden wird. Hieran schließen sich einige
weitere hypothetische Betrachtungen über
den Aufbau der schwereren Elemente.

The quantum-mechanical probability of a
proton penetrating into an atomic nucleus is
calculated by Gamow’s method. It is found
that for the temperature and density values
in the interior of the stars, the penetration
of protons, but not of alpha particles, into
lighter elements is su�ciently frequent to
make a fusion of these elements probable.
This gives us the possibility of explaining
the energy production of the stars by the
mass defects of the elements, avoiding the
assumption of six steps for the production
of helium. This is followed by a few other hy-
pothetical considerations on the structure of
the heavier elements.

The detailed theory of fusion reactions was refined during the period 1937–1939 by Carl Friedrich
von Weizsäcker and Hans Bethe (German, 1906–2005). For that work, Bethe won a Nobel Prize
in Physics in 1967. In the award ceremony speech for Bethe, Professor O. Klein of the Swedish
Academy of Sciences explained [www.nobelprize.org/prizes/physics/1967/ceremony-speech/]:

[...] At that time it was already apparent that Bethe belonged to the small group of
young theoretical physicists who through skill and knowledge were particularly qualified
for tackling the many theoretical problems turning up in close connection with the
rapidly appearing experimental discoveries. The centre of these problems was to find
the properties of the force that keeps the protons and neutrons together in the nucleus,
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the counterpart of the electric force which binds the atomic electrons to the nucleus.
Bethe’s contributions to the solution of these problems have been numerous and are
still continuing. They put him clearly in the first row among the workers in this field
– as in several other fields. Moreover, about the middle of the thirties he wrote, partly
alone, partly together with some colleagues, what nuclear physicists at the time used to
call the Bethe bible, a penetrating review of about all that was known of atomic nuclei,
experimental as well as theoretical.

This extensive and profound knowledge of his regarding atomic nuclei together with
a rare gift of rapidly grasping the essence of a physical problem and finding ways of
solving it explains that Bethe could so swiftly do the work awarded by the Nobel Prize.
He started his work after a conference taking place in Washington in March 1938 and
the paper containing a thorough description of it was delivered for print at the beginning
of September the same year. During that conference and afterwards he seems also to
have acquired the necessary astrophysical knowledge. [...]

[...] If it were not for the quantum-mechanical tunnel e↵ect studied very closely in this
connection by Gamow – who must be considered the main forerunner of Bethe with
respect to the application of nuclear physics to astronomy – even the velocities of the
protons at the high temperature of the sun would not be able to produce any such
processes. But through this e↵ect the required slow reactions do occur. [...]

A very important part of his work resulted in eliminating a great number of thinkable
nuclear processes under the conditions at the centre of the sun, after which only two
possible processes remained. The simplest of them begins with two protons colliding
and forming a nucleus of heavy hydrogen, the surplus of electric charge vanishing in the
form of a positive electron. After capturing a few more protons the result of the process
is the formation of a helium nucleus from four protons. Thereby the energy release from
a given weight of hydrogen is nearly 20 million times greater than that produced by
burning the same weight of carbon into carbon dioxide. The second process is more
complicated. It requires the presence of carbon which, however, will practically not be
consumed but acts as a catalyst, the result being the same as in the former process.
It should be mentioned that the first process had been proposed a few years earlier by
Atkinson and later discussed by von Weizsacker, who also considered the second process
independently of and at about the same time as Bethe. [...]

For additional information on the history of nuclear fusion research in the German-speaking world,
see Section D.2.4.
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Figure 8.15: The fusion reaction rate is expressed in terms of the reaction cross section formula,
which contains four di↵erent factors that describe di↵erent physical e↵ects.
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Figure 8.16: Friedrich “Fritz” Houtermans and his student Robert Atkinson described and cal-
culated nuclear fusion reactions in stars in 1929. Carl Friedrich von Weizsäcker and Hans Bethe
refined those calculations 1937–1939.



1142 CHAPTER 8. CREATORS & CREATIONS IN NUCLEAR SCIENCE & ENGINEERING

8.6 Nuclear Engineering in the United States and United King-
dom

A large number of scientists who were trained in the German-speaking research world fled the Third
Reich and made vital contributions to the U.S. and U.K. nuclear programs during and after World
War II.5 Some examples of German-speaking and German-educated scientists who played critical
roles in the U.S./U.K. nuclear program are listed in Table 8.1 and shown in Figs. 8.17–8.20. The
table and figures also list a few other scientists who were very closely coupled into the German
research system during their careers, such as Niels Bohr, a Dane, and Enrico Fermi, an Italian.
Note that even the American-born J. Robert Oppenheimer, who was the scientific director of the
wartime nuclear program, the Manhattan Project, had a German father and second-generation
German-American mother, was raised speaking German, repeatedly visited family in Germany
during his childhood, and received his Ph.D. in Germany under Max Born at Göttingen University.

The U.S. nuclear program was initiated by a 2 August 1939 letter to Franklin Roosevelt from two
refugees from the German-speaking scientific world, Albert Einstein (who signed the letter) and
Leo Szilard (who helped write the letter) [www.atomicarchive.com/Docs/Begin/Einstein.shtml]:

.
. Albert Einstein
. Old Grove Rd.
. Nassau Point
. Peconic, Long Island

. August 2nd, 1939

F.D. Roosevelt,
President of the United States,
White House
Washington, D.C.

Sir:

Some recent work by E. Fermi and L. Szilard, which has been communicated to
me in manuscript, leads me to expect that the element uranium may be turned into
a new and important source of energy in the immediate future. Certain aspects of the
situation which has arisen seem to call for watchfulness and, if necessary, quick action
on the part of the Administration. I believe therefore that it is my duty to bring to your
attention the following facts and recommendations:

In the course of the last four months it has been made probable—through the work
of Joliot in France as well as Fermi and Szilard in America—that it may become possible
to set up a nuclear chain reaction in a large mass of uranium, by which vast amounts

5 Bethe 1991, 1997; Bird and Sherwin 2005; Blatt and Weisskopf 1952; Brown and Lee 2006; Coster-Mullen 2012;
Ford 2015; Groves 1962; Hansen 1988, 2007; István Hargittai 2006, 2010; Hawkins et al. 1983; Hoddeson et al. 1993;
Jungk 1958; Kelly 2007; Lanouette and Silard 1992; Medawar and Pyke 2000; Nachmansohn 1979; Reed 2015, 2019;
Rhodes 1986, 1995; Schweber 2012; Serber 1992; Smyth 1945; Sublette 2019; Szanton 1992; Teller 1979; Teller and
Shoolery 2001; Teller et al. 1968; Ulam 1991; Weart and Szilard 1978; Weinberg and Wigner 1958; Weisskopf 1972,
1989; Wigner 1967.
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of power and large quantities of new radium-like elements would be generated. Now it
appears almost certain that this could be achieved in the immediate future.

This new phenomenon would also lead to the construction of bombs, and it is
conceivable—though much less certain—that extremely powerful bombs of a new type
may thus be constructed. A single bomb of this type, carried by boat and exploded in
a port, might very well destroy the whole port together with some of the surrounding
territory. However, such bombs might very well prove too heavy for transportation by
air.

The United States has only very poor ores of uranium in moderate quantities. There
is some good ore in Canada and the former Czechoslovakia, while the most important
source of uranium is Belgian Congo.

In view of this situation you may think it desirable to have some permanent contact
maintained between the Administration and the group of physicists working on chain
reactions in America. One possible way of achieving this might be for you to entrust
with this task a person who has your confidence and who could perhaps serve in an
uno�cial capacity. His task might comprise the following:

a) to approach Government Departments, keep them informed of the further devel-
opment, and put forward recommendations for Government action, giving particular
attention to the problem of securing a supply of uranium ore for the United States;

b) to speed up the experimental work, which is at present being carried on within
the limits of the budgets of University laboratories, by providing funds, if such funds
be required, through his contacts with private persons who are willing to make con-
tributions for this cause, and perhaps also by obtaining the co-operation of industrial
laboratories which have the necessary equipment.

I understand that Germany has actually stopped the sale of uranium from the
Czechoslovakian mines which she has taken over. That she should have taken such
early action might perhaps be understood on the ground that the son of the German
Under-Secretary of State, von Weizsäcker, is attached to the Kaiser-Wilhelm-Institut in
Berlin where some of the American work on uranium is now being repeated.

Yours very truly,

Albert Einstein

Einstein’s letter prompted Franklin Roosevelt to authorize the initiation of what would become
the Manhattan Project, and of course Einstein’s famous equation E = mc

2 was the foundation
for how a tiny fraction of the mass of fission fuel could be converted into an enormous (and
potentially enormously destructive) amount of energy. In March 1940, Einstein and Szilard wrote
a second letter to Roosevelt that successfully persuaded him to accelerate the nuclear program.
Later, Einstein carried out calculations to help the United States use gaseous di↵usion to enrich
uranium (concentrate the fissionable U-235 isotope of uranium). Separately, he worked with the
U.S. Navy on various military projects. Nonetheless, U.S. government o�cials such as J. Edgar
Hoover distrusted Einstein’s longtime inclination toward pacifism and excluded him from the o�cial
Manhattan Project [Isaacson 2007, pp. 469–486].
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Name Born Lived German world Scientific contributions

Hans Bethe German 1906–2005 Education, work Fission-/H-bomb theory
Felix Bloch Swiss 1905–1983 Education, work Fission reactions
Niels Bohr Danish 1885–1962 Work Neutron initiator
Gregory Breit Russian 1899–1981 Work Bomb design
Egon Bretscher Swiss 1901–1973 Education, work Plutonium, H bomb
Frederic de Ho↵mann German 1924–1989 Education H bomb, reactors
Martin Deutsch Austrian 1917–2002 Family, education Fission measurements
Albert Einstein German 1879–1955 Education, work Letters to FDR, gaseous di↵usion
Gerhard Falck (?) German ??–?? Education, work Uranium?
Enrico Fermi Italian 1901–1954 Work Reactors, H bomb
James Franck German 1882–1964 Education, work Plutonium
Herbert Freundlich German 1880–1941 Education, work MAUD Committee
Otto Frisch Austrian 1904–1979 Education, work Critical mass
Klaus Fuchs German 1911–1988 Education Implosion, H bomb
George Gamow Russian 1904–1968 Education, work H bomb
Gertrude Goldhaber German 1911–1998 Education Spontaneous fission
Maurice Goldhaber Austrian 1911–2011 Education Neutron moderation/reactions
Samuel Goudsmit Dutch 1902–1978 Education, work Investigation of German program
Dieter Gruen German 1922– Family, education U enrichment, fission reactors
Eugene Guth Hungarian 1905–1990 Education, work Nuclear physics, Oak Ridge, polymers
Hans von Halban German 1908–1964 Education, work Reactors
Lilli (Schwenk) Hornig Czech 1921–2017 Family, education Plutonium, explosive lenses
Hans Kammler (?) German 1901–?? Education, work Bomb design/components?
Nicholas Kemmer Russian 1911–1998 Education, work Plutonium
George Kistiakowsky Russian 1900–1982 Education Implosion
Stanley Kronenberg Polish 1927–2000 Education Nuclear bomb tests

Table 8.1: Examples of German-speaking creators (and some scientists who were very strongly
coupled to the German-speaking world) who worked in the U.S./U.K. nuclear program, their na-
tionality by birth, the years they lived, their background in the German-speaking world, and their
major contributions to the nuclear program.
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Name Born Lived German world Scientific contributions

Heinrich Gerhard Kuhn German 1904–1994 Education, work Gaseous di↵usion
Nicholas Kurti Hungarian 1908–1998 Education, work Gaseous di↵usion
Heinz London German 1907–1970 Education, work MAUD Committee
Maria Goeppert Mayer German 1906–1972 Education U enrichment, H bomb
Kurt Mendelssohn German 1906–1980 Education, work MAUD Committee
Hans Mohaupt Swiss 1915–2001 Education, work Shaped charges
John von Neumann Hungarian 1903–1957 Education, work Implosion, H bomb
Klara Dan von Neumann Hungarian 1911–1963 Education, work Computation
Lothar Nordheim German 1899–1985 Education, work Reactors, plutonium
J. Robert Oppenheimer American 1904–1967 Family, education Director
Friedrich Paneth Austrian 1887–1958 Education, work Nuclear chemistry
Wolfgang Panofsky German 1919–2007 Family, education Shockwaves
Rudolf Peierls German 1907–1995 Education Bomb design
George Placzek Czech 1905–1955 Education, work Reactors, bomb theory
I. I. Rabi Austrian 1898–1988 Work Bomb theory
Eugene Rabinowitch Russian 1901–1973 Education, work Reactors
Joseph Rotblat Polish 1908–2005 Education Radiation
Heinz Schlicke (?) German 1912–2006 Education, work Detonators?
Emilio Segrè Italian 1905–1989 Education Fission measurements
Franz Simon German 1893–1956 Education, work U enrichment
Leo Szilard Hungarian 1898–1964 Education, work Reactors
Edward Teller Hungarian 1908–2003 Education, work H bomb
Stanislaw Ulam Polish 1909–1984 Education Implosion, H bomb
Victor Weisskopf Austrian 1908–2002 Education, work Fission bomb theory
Eugene Wigner Hungarian 1902–1995 Education, work Reactors, plutonium

Table 8.1 (continued).
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Figure 8.17: Examples of German-speaking scientists (and some scientists who were very strongly
coupled to the German-speaking world) who played critical roles in the development of nuclear
weapons in the United States and United Kingdom.
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Figure 8.18: More examples of German-speaking scientists (and some scientists who were very
strongly coupled to the German-speaking world) who played critical roles in the development of
nuclear weapons in the United States and United Kingdom.
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Figure 8.19: More examples of German-speaking scientists (and some scientists who were very
strongly coupled to the German-speaking world) who played critical roles in the development of
nuclear weapons in the United States and United Kingdom.
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Figure 8.20: More examples of German-speaking scientists (and some scientists who were very
strongly coupled to the German-speaking world) who played critical roles in the development of
nuclear weapons in the United States and United Kingdom.
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Likewise, the U.K. nuclear program was also initiated by two refugees from the German-speaking
world, Otto Frisch and Rudolf Peierls. In a March 1940 memorandum to the U.K. government,
they wrote [www.atomicarchive.com/Docs/Begin/FrischPeierls2.shtml]:

The attached detailed report concerns the possibility of constructing a “super-bomb”
which utilises the energy stored in atomic nuclei as a source of energy. The energy
liberated in the explosion of such a super-bomb is about the same as that produced by
the explosion of 1,000 tons of dynamite. This energy is liberated in a small volume, in
which it will, for an instant, produce a temperature comparable to that in the interior
of the sun. The blast from such an explosion would destroy life in a wide area. The size
of this area is di�cult to estimate, but it will probably cover the center of a big city.

In addition, some part of the energy set free by the bomb goes to produce radioactive
substances, and these will emit very powerful and dangerous radiations. The e↵ects of
these radiations is greatest immediately after the explosion, but it decays only gradually
and even for days after the explosion any person entering the a↵ected area will be killed.

Some of this radioactivity will be carried along with the wind and will spread the
contamination; several miles downwind this may kill people.

In order to produce such a bomb it is necessary to treat a substantial amount of
uranium by a process which will separate from the uranium its light isotope (U235) of
which it contains about 0.7 percent. Methods for the separation of such isotopes have
recently been developed. They are slow and they have not until now been applied to
uranium, whose chemical properties give rise to technical di�culties. But these di�-
culties are by no means insuperable. We have not su�cient experience with large-scale
chemical plant to give a reliable estimate of the cost, but it is certainly not prohibitive.

It is a property of these super-bombs that there exists a “critical size” of about one
pound. A quantity of the separated uranium isotope that exceeds the critical amount
is explosive; yet a quantity less than the critical amount is absolutely safe. The bomb
would therefore be manufactured in two (or more) parts, each being less than the critical
size, and in transport all danger of a premature explosion would be avoided if these parts
were kept at a distance of a few inches from each other. The bomb would be provided
with a mechanism that brings the two parts together when the bomb is intended to go
o↵. [...]

The U.S. and U.K. nuclear programs eventually joined together for the duration of the war un-
der the umbrella of the Manhattan Project. As listed in Table 8.1 and shown in Figs. 8.21–8.23,
German-speaking and German-trained scientists played critical roles in all areas of the Manhattan
Project, including enriching uranium, developing fission reactors, producing plutonium, and cre-
ating fission bombs. The fission reactor technologies that they developed were ultimately used to
power everything from nuclear submarines to commercial electric generation plants.

There is also evidence that some scientists who had spent the war in Germany may have materially
contributed to the U.S. nuclear program in the crucial final months of the war (see p. 2869 for
more details). For example, when the German submarine U-234 surrendered to the United States
in May 1945, it was found to contain 560 kg of uranium oxide (possibly enriched), infrared fuses
that may have been suitable for implosion bombs, at least two experts on those materials (Gerhard
Falck for the uranium and Heinz Schlicke for the infrared fuses), and potentially other nuclear-
related materials and information. As another important example, Hans Kammler, who was in
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charge of virtually all advanced German weapons programs (including the nuclear program) by
the end of the war, was secretly captured and kept indefinitely by the United States for extended
interrogations (see pp. 2910–2916). In view of the fact that the United States never turned him over
to the Nuremberg war crimes trials or even informed those trials that Kammler was alive and in
U.S. custody, it seems likely that Kammler provided the United States with valuable information
and/or materials. It is possible that assistance from these and other German sources may have
appreciably accelerated the delivery schedule for the first U.S. fission bombs and also helped the
postwar U.S. nuclear program. Much more archival research is needed to address this question.

After the war, many of these German-speaking and German-educated scientists (most notably
Edward Teller and Stanislaw Ulam) went on to create the first U.S. fusion bombs (hydrogen or
H-bombs) in 1952 and 1954. Postwar U.S. nuclear programs were also aided directly or indirectly
by an influx of additional German and Austrian scientists such as Rudolf Brill, Adolf Busemann,
Rudolf Edse, Rudolf Fleischmann, Siegfried Flügge (at the specific invitation of Edward Teller—
see p. 2937), Gottfried Guderley, Paul Harteck, Richard Herzog, Johannes Hans Jensen, Willibald
Jentschke, Ulrich Jetter, Hartmut Kallmann, Heinz Maier-Leibnitz, Kurt Starke, Ernst Stuhlinger,
Hans Suess, Karl Wirtz, etc.

Klaus Fuchs, who had spent many years working on the U.S./U.K. fission and fusion bomb pro-
grams, was discovered in 1950 to have been forwarding details of those programs to the Soviet Union
throughout that time; he was imprisoned in the United Kingdom before being handed over to East
Germany in 1959. A few scientists such as Rudolf Fleischmann, Siegfried Flügge, and Johannes
Hans Jensen returned to Europe sooner or later. However, most of the German-trained scientists
continued their careers in nuclear and defense fields in the United States, in some cases exerting
their influence for many decades (Edward Teller died in 2003 and Hans Bethe died in 2005).

Of course, the massive U.S. nuclear weapons program was built up by U.S. industries, and employed
many notable U.S.-born scientists, such as Ernest Lawrence, Glenn Seaborg, and John Wheeler
and his freshly graduated student Richard Feynman. Nonetheless, for a program that involved
over 100,000 people and was critical to the U.S. war e↵ort, it is remarkable how many of the key
innovations came from scientists who were refugees from the German-speaking world. One must
wonder how rapidly the U.S. nuclear program would have advanced if it had not had the benefit
of any personnel or information from the greater German-speaking scientific world.

Even the Atomic Heritage Foundation, based in Washington D.C. and founded to celebrate the
history and success of the United States nuclear program, has publicly recognized the role that
scientists from the greater German-speaking world played in that program
[www.atomicheritage.org/article/scientist-refugees-and-manhattan-project]:

One of the ironies of Hitler’s desire for racial purity was that it drove out of continen-
tal Europe or into the camps many individuals who would have been extremely useful
to the Axis war e↵ort. Nowhere was this more evident than in the e↵ort to produce an
atomic bomb. A startling proportion of the most famous names on the project belonged
to scientists who came to England or America to flee from the Axis. The large number of
refugees and immigrants working on the Manhattan Project gave the American nuclear
program an international character unusual in such a top-secret program—and unique
amongst the nuclear programs that followed in other countries—and helped give life in
Los Alamos, NM during the war its unique character.
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Figure 8.21: Examples of early U.S. nuclear weapons: a replica of Fat Man design, the first U.S.
fission implosion bomb, and the explosion of the first U.S. fission implosion bomb (called the Gadget
without the external aerodynamic casing) on 16 July 1945.
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Figure 8.22: Examples of early U.S. nuclear weapons: Mike, the first U.S. hydrogen bomb, and the
explosion of Mike on 1 November 1952.
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Figure 8.23: Examples of early U.S. fission reactors: plutonium-producing reactors were constructed
at Hanford, Washington during the period 1943–1963; the USS Nautilus (SSN-571), the first sub-
marine powered by a fission reactor, was launched in 1954.
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8.7 Nuclear Engineering in the Third Reich

The conventional historical view that has been held since 1945 is that Germany was still trying to
complete its first prototype fission reactor when World War II ended in Europe, and that Germany
never even made a serious attempt to develop nuclear weapons.6 This view is based on three
categories of evidence, although each category has its own limitations as summarized below:

Evidence Limitations

1. The U.S.-led Alsos Mission searching Ger-
many for evidence of nuclear-weapons-related
work at the end of the war found the incom-
plete fission reactor at Haigerloch, some pa-
pers on basic nuclear physics, and apparently
not much else, according to the public accounts
[Goudsmit 1945, 1947; Groves 1962; Pash 1969].

1. The Alsos Mission failed to properly inves-
tigate numerous specific organizations, scien-
tists, and locations that could have revealed a
more advanced nuclear program. If any more
advanced nuclear work had in fact been discov-
ered, that information would have been auto-
matically classified at the time, and could re-
main classified or buried in archives and unre-
leased to this day.

2. Ten German nuclear scientists (Erich Bagge,
Kurt Diebner, Walther Gerlach, Otto Hahn,
Paul Harteck, Werner Heisenberg, Horst Ko-
rsching, Max von Laue, Carl Friedrich von
Weizsäcker, and Karl Wirtz) rounded up by the
Alsos Mission were kept under house arrest from
July 1945 until January 1946 at Farm Hall in
the United Kingdom, where their private con-
versations were recorded without their knowl-
edge. The transcripts, which were not released
to the public until 1992, record the scientists’
surprise at news of the 6 August 1945 Hiroshima
bombing and do not reveal significant apparent
knowledge of nuclear weapons design and devel-
opment [Bernstein 2001; Frank 1993].

2. There is evidence that the scientists sus-
pected surveillance and presumably conducted
their conversations accordingly. The preserved
transcripts document only a small fraction of
the discussions that may have occurred during
those six months. Moreover, the preserved tran-
scripts are only English translations, which may
or may not accurately reflect the original Ger-
man conversations. The original recordings were
taped over and lost.

3. In their public interviews and writings in
the years after the war, German nuclear sci-
entists professed a lack of desire, plans, mate-
rials and/or political support to produce nu-
clear weapons for the Third Reich [Cassidy
1992; Heisenberg 1953, 1971; Irving 1967; Pow-
ers 1993; NYT 1948-12-28 p. 10].

3. It is not clear to what extent that was fac-
tual history versus personal spin meant to avoid
postwar criticism, and the answer may vary for
di↵erent scientists in question.

6E.g., Goudsmit 1947; Hentschel and Hentschel 1996; Irving 1967; Powers 1993; Rose 1998; Walker 1989, 1995.
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With access to some of the previously unavailable former Soviet and East German archives and
witness testimony, as well as newly discovered and released U.S. and British documents, beginning
in the 1990s several authors argued (with varying degrees of success and accuracy) that wartime
German work on nuclear weapons had actually progressed much further than had been accepted
by the conventional historical narrative.7

As discovered by those authors, the wartime German nuclear program was much more extensive
than had previously been acknowledged, and involved many more scientists and engineers than had
been recognized. For an incomplete list of some of the more important scientists and engineers,
see Figs. 8.24–8.43. (Many of those German-speaking nuclear experts subsequently worked in the
postwar Soviet nuclear weapons program—see also Figs. 8.45–8.48). As shown in those figures,
the wartime nuclear program was spread among the Army Ordnance O�ce (Heereswa↵enamt),
Navy (Kriegsmarine), Air Force (Luftwa↵e), Post O�ce (Reichspost), SS, several Kaiser Wilhelm
Institutes (KWI), the Physical-Technical Reich Institute (Physikalische-Techische Reichsanstalt),
several universities, a number of companies, and groups in Czechoslovakia, Poland, and elsewhere.
Being so widely dispersed made the German nuclear program much more resistant to Allied bombing
and Allied intelligence, yet it also makes it far more di�cult for modern historians to reconstruct
the details of the wartime nuclear program and its scientific accomplishments.

As discussed in Appendix D, there is evidence that suggests that:

1. Scientists in the German nuclear program researched and produced significant
amounts of fission fuels and potential methods to use them (Section D.2.1):

(a) Scientists such as Kurt Diebner (German, 1905–1964), Siegfried Flügge (German, 1912–
1997), Paul Harteck (Austrian, 1902–1985), Fritz Houtermans (German, 1903–1966),
Josef Schintlmeister (Austrian, 1908–1971), Georg Stetter (Austrian, 1895–1988), and
Carl Friedrich von Weizsäcker (German, 1912–2007) gave detailed descriptions of how
fission fuel could be used to create either reactors or bombs, beginning in 1939 (p. 2344).

(b) Germany obtained over 2800 tons of uranium and thorium ore from sources throughout
Europe, and processed it at several di↵erent locations (p. 2370). A February 1946 U.S.
intelligence report on Czech uranium mines noted, “The Germans put mining on a high
priority... throughout the 6 years occupation. The ore was delivered by special planes to
Germany and Austria” (p. 2511).

(c) Konrad Beyerle (German, 1900–1979), Wilhelm Groth (German, 1904–1977), Werner
Holtz (German, 1908–?), Werner Schwietzke (German, 1910–1987), and many others
worked in teams that developed gas centrifuges to enrich uranium-235. 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 (p. 2374).

(d) Manfred von Ardenne (German, 1907–1997), Heinz Ewald (German, 1914–1992), Wolf-
gang Paul (German, 1913–1993), Wilhelm Walcher (German, 1910–2005), and many oth-
ers worked in teams that developed electromagnetic separators to enrich uranium-235.

7E.g., Brooks 1992, 2002; Frank Doebert in Walpersberg Geschichts- und Forschungsjournal 2015, 2016; Eilers
2007, 2015; Fäth 1999, 2000; Fengler 2014; Fengler and Sachse 2012; Geheimnis Jonastal 2002–2019; Georg 2009;
Henshall 1998, 2000, 2002; Hirschfeld and Brooks 1996; Hydrick 1998, 2016; Karlsch 2005, 2006, 2011; Karlsch and
Laufer 2002; Karlsch and Petermann 2007; Karlsch and Zeman 2016; Mayer and Mehner 2001, 2002, 2004a, 2004b,
2009, 2010, 2016, 2019; Mehner 2004; Nagel 2003, 2011, 2012a, 2016; Oleynikov 2000; Petermann 2000; Schmitzberger
2004; von Schwarzenbeck 2010; Stevens 2007; Sulzer and Brauburger 2015; Matthias Uhl quoted in Schauka 2015;
Wilcox 2019; Zeman and Karlsch 2008.
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These electromagnetic separators were comparable to the Manhattan Project’s calutrons
(p. 2382).

(e) Erich Bagge (German, 1912–1996) invented and successfully demonstrated a unique
uranium enrichment device called an isotope sluice, which combined some features of
centrifuges and electromagnetic separators (p. 2398).

(f) Erika Cremer (German, 1900–1996), Rudolf Fleischmann (German, 1903–2002), Gustav
Hertz (German, 1887–1975), and others developed gaseous di↵usion methods suitable
for enriching uranium-235 that were comparable to the Manhattan Project’s gaseous
di↵usion technology (p. 2400).

(g) If Germany scaled up any of these proven uranium enrichment methods in order to pro-
duce nuclear weapons, it would presumably have distributed that production capability
among a number of small underground locations for protection against Allied bombing.
Archival documents mention dozens of highly suspicious sites that might have been used
for that purpose and that still have not been properly investigated (p. 2404).

(h) Ludwig Bewilogua (German, 1906–1983), Kurt Diebner, Paul Harteck, Otto Haxel (Ger-
man, 1909–1998), and many others worked in teams trying to develop fission reactors
suitable for breeding plutonium-239 from natural uranium-238 or uranium-233 from nat-
ural thorium-232. Two reactors were on the brink of criticality by the end of the war,
and there is some evidence that other reactors may have actually become operational
during the war (p. 2435).

(i) Walther Bothe (German, 1891–1957), Walter Dällenbach (Swiss, 1892–1990), Max Steen-
beck (German, 1904–1981), Rolf Wideröe (Norwegian but studied and worked in Ger-
many, 1902–1996), and many others worked on particle-accelerator-driven electronuclear
systems suitable for breeding plutonium-239 from natural uranium-238 or uranium-233
from natural thorium-232. There is some evidence that such systems may have been
operational during the war (p. 2496).

(j) At the end of the war, Allied countries removed over 2800 tons of uranium and thorium
from former German-controlled territory (p. 2517). In addition, in 1974, Alwin Ur↵,
deputy technical plant manager of the Asse nuclear disposal site in Germany, stated:
“When we began storage in 1967, our company first sank radioactive waste from the last
war, that uranium waste which arose in the preparation of the German atomic bomb”
(p. 2519).

2. Germany also produced large quantities of other nuclear-related materials during
the war (Section D.2.2):

(a) Deuterium, a great fusion fuel and source for producing neutrons and tritium, and an
excellent neutron moderator for fission reactors when in the form of deuterated (heavy)
water (p. 2523).

(b) Lithium, also an excellent fusion fuel and source for producing neutrons and tritium (p.
2551).

(c) Beryllium, a great neutron reflector/multiplier for fission reactors and bombs (p. 2554).

(d) Boron, a good neutron absorber for fission reactors and bombs (p. 2556).
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(e) Graphite (carbon), an excellent neutron moderator for fission reactors (p. 2557).

(f) Fluorine, an essential ingredient of uranium hexafluoride for uranium enrichment (p.
2561).

(g) Aluminum, a good cladding for fission fuel in reactors and bombs (p. 2564).

(h) Calcium, an important element for the purification of thorium, uranium, and/or pluto-
nium (p. 2568).

(i) Nickel, the most corrosion-resistant metal for building uranium enrichment machinery
that would be exposed to uranium hexafluoride (p. 2574).

(j) Zirconium, a very good cladding for fission fuel in reactors (p. 2577).

(k) Cadmium, an excellent neutron absorber for fission reactors and bombs (p. 2578).

3. Adolf Busemann (German, 1901–1986), Rolf Engel (German, 1912–1993), Gott-
fried Guderley (German, 1910–1997), Rudi Schall (German, 1913–2002), Hubert
Schardin (German, 1902–1965), Erich Schumann (German, 1898–1985), Walter
Trinks (German, 1910–1995), and many others worked in teams that developed
and demonstrated implosion bomb designs suitable for fission weapons (Section
D.2.3):

(a) No later than 1942, Gottfried Guderley, a hydrodynamics expert working for the German
military, predicted the pressure, density, and temperature in spherical and cylindrical
implosion bomb configurations, mathematical solutions that are still used today (pp.
2585–2586).

(b) 1943 U.S. intelligence reports stated that “several factories and hundreds of workers”
just south of Hamburg were producing a new type of explosive that had a remarkably
high density, that was so energetic that one kilogram of the new material would have
a blast radius of several kilometers, and that would be placed into bombs of a highly
unusual spherical design (p. 2587).

(c) In November 1944, Time magazine published an intelligence report that Germany was
developing an atomic bomb with a spherical implosion design (p. 2593).

(d) A 23 March 1945 letter from General Ilyichev to Joseph Stalin reported that the Germans
had an atomic bomb and described it in considerable detail as a 2-ton, 1.3-meter-diameter
spherical implosion device with multiple concentric layers and a uranium-235 core (p.
2722).

(e) Erich Schumann, the German Army Ordnance O�ce’s head physicist, along with others
on his sta↵, spent several years during the war designing and testing ever more sophis-
ticated bombs designed to use an outer shell of conventional explosives to implode an
inner core of various materials, including nuclear fuels (Fig. 8.44 top and pp. 2595–2623).
(Schumann was also Wernher von Braun’s Ph.D. thesis advisor for the development of
rockets, as well as a key figure in Germany’s biological warfare program and several other
advanced research programs. Yet Goudsmit testified to the U.S. Senate that Schumann
was mainly interested in “the physics of piano strings.”)
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(f) In November 1945, the German economist Erwin Respondek wrote that Erich Schumann
had been involved in the development of an atomic bomb that used uranium fuel and
a neutron initiator (and presumably Schumann’s expertise, conventional explosives for
spherical implosion) (p. 2597).

(g) A Top Secret U.S. cable from March 1946 stated that a “capable young engineer” in
Poland knew that atomic bomb casings included a layer of cadmium, which was true for
the implosion bomb designs described by both Ilyichev and Schumann (p. 2704).

(h) 1946 U.S. intelligence documents described how SS General Hans Kammler’s deputy
Erich Purucker and a car full of German atomic bomb plans were captured by Russian
forces in May 1945 (p. 2907).

(i) After the war, Kurt Diebner discussed spherical implosion bomb designs, specifically
showing a spherical core of fission fuel with a center of fusion fuel (pp. 2624–2627).

(j) German witnesses described secretive and mysterious work that had been conducted
during the war to produce and test nesting aluminum spheres that apparently matched
the description of those in the implosion bomb designs (p. 2628).

(k) In 2000–2002 interviews, Heinrich Himmler’s chief adjutant, Werner Grothmann, men-
tioned the development of an atomic bomb that “would have possessed a spherical shape
with a diameter of over one meter. It was very heavy, even though the bomb body itself
was supposed to be out of aluminum. It was said, if one reduces the weight, the yield is
not as high” (pp. 2631–2633).

4. Wolfgang Ferrant (German?, ??–??), Alfred Klemm (German, 1913–2013), Karl
Lintner (Austrian, 1917–2015), Josef Mattauch (Austrian, 1895–1976), Erich Schu-
mann, Georg Stetter, Walter Trinks, and many others worked in teams that re-
searched and produced significant amounts of fusion fuels and potential methods
to use them (Section D.2.4):

(a) German patents, articles, and other documents from 1933 through 1945 discussed how
to produce fusion reactions in high-voltage tubes (pp. 2499 and 2637–2652). That tech-
nology would have been very useful as a fusion neutron initiator in a fission bomb, as
described by Diebner (p. 2627) and Ilyichev (p. 2722).

(b) In postwar papers apparently based on wartime work, Erich Schumann andWalter Trinks
(pp. 2595–2623) and Kurt Diebner (pp. 2624–2627) described spherical implosion bomb
designs with a center of fusion fuel inside a spherical shell of fission fuel. That “fusion
boosting” approach could have greatly increased the yield of a fission bomb by supplying
far more neutrons to trigger fission reactions.

(c) A number of documents show that there was wartime work using lithium and deuterium
together as fusion fuel (pp. 2647–2661). Because lithium deuteride is solid and not a gas
or cryogenic liquid, it makes an ideal fuel for hydrogen bombs.

(d) During the war, Alfred Klemm (under the direction of Josef Mattauch) perfected a
method to separate the lithium-6 isotope from the predominant lithium-7 in natural
lithium (pp. 2662–2665). That would only be useful for nuclear applications. Klemm
also stated that there was wartime work to produce tritium, another very potent fusion
fuel (p. 2664).
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(e) In 1950 Ulrich Jetter published a detailed proposal that fusion bombs could use lithium-6
deuteride as readily storable solid fuel, rather than the much more troublesome cryo-
genic deuterium and tritium (p. 2666). Based on the other documents available, Jetter’s
description appears to be based on wartime German work. O�cially, lithium-6 deuteride
was first considered in the United States by Edward Teller in 1947 and in the Soviet
Union by Vitaly Ginzberg in 1949, was first tested by the United States in 1954, and
is commonly used in modern H bombs [ Goncharov 1996; Hansen 1988, 2007; Rhodes
1995; Sublette 2019; Wellerstein and Geist 2017].

(f) In 1946, several scientists and engineers reported that during the war, Germany had
been working on a 6-ton radioactive bomb, as well as methods to deliver it by rockets
or aircraft (pp. 2659 and 2668–2672). Such a massive bomb would have been very chal-
lenging to deliver, and could presumably only have been justified if it were a hydrogen
bomb. Conventional explosives, a dirty bomb of conventional explosives with radioactive
material, chemical weapons, biological weapons, and even fission bombs could have been
packaged into much smaller and much more easily deliverable sizes (and if necessary,
several of them could have been delivered separately to the same target).

(g) A 1946 U.S. intelligence document mentioned wartime German research on H-bomb
development as well as nuclear-armed ballistic missiles (p. 2673).

(h) In 1944–1945, several U.K. and U.S. newspapers reported that Germany was developing
a bomb with a six-mile blast radius, which is characteristic of the several-megaton energy
of an H bomb, in stark contrast to the much smaller several-kiloton energy of a plain
fission bomb (pp. 2674–2675).

(i) Friedwardt Winterberg, who worked very closely with Kurt Diebner after the war, pub-
lished a highly distinctive ellipsoidal H-bomb design that looks rather di↵erent than
standard U.S. H-bomb designs, but is deeply steeped in earlier German hydrodynamics
and physics research (p. 2676). A surviving 1944 sketch from Walther Gerlach shows
an ellipsoid in conjunction with nuclear reactions involving deuterium, which seems to
support the wartime origin of Winterberg’s ellipsoidal H-bomb design (p. 2678).

(j) Werner Grothmann stated that the German nuclear program was developing several
di↵erent bomb types, including a hydrogen bomb. He said that the hydrogen bomb
looked like a “swollen bomb” (ellipsoidal?), would have been a hundred times more
powerful than a fission bomb (megatons vs. tens of kilotons), and was expected to be
ready in 1946 (which suggests that it had already progressed far in its development by
1945); see pp. 2367 and 2632.

5. There may have been a test explosion on the Baltic coast in October 1944, as
reported by multiple sources (Section D.2.5):

(a) In August 1944, a German prisoner of war reported that “experiments are conducted
on an estate in Pomerania [on the Baltic coast] and it is alleged that this explosive is
capable of destroying everything in a radius of several kilometers.” (p. 2681).

(b) In October 1944, Philip Morrison of the U.S. Manhattan Project mentioned “recent
reports of Baltic explosions” that were being investigated by the Manhattan Project as
possible tests of a German atomic bomb (p. 2681).
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(c) In May 1945, German prisoner of war Friedrich Olmes said that there had been “exper-
iments with the atom-splitting bomb” and that “practical experiments were conducted
on the Baltic coast” (p. 2682).

(d) A 19 August 1945 U.S. Army Air Force intelligence report entitled “Investigations, Re-
search, Developments, and Practical Use of the German Atomic Bomb” presented testi-
mony by Rudolph Zinsser, a German pilot captured by U.S. forces, that in October 1944
he flew near the massive explosion of a new German bomb on or near the Baltic coast,
describing in detail a very large mushroom cloud and severe electrical disturbances (p.
2683). After further investigation, rather than dismissing Zinsser’s report, the United
States decided to upgrade it from Secret to Top Secret in October 1945 (p. 2686).

(e) In testimony in 1955, 1984, and 2005, Italian military correspondent Luigi Romersa
stated that by a special arrangement between Benito Mussolini and Adolf Hitler, on 12
October 1944 he witnessed the massive explosion of a new German bomb on the Baltic
coast (apparently Rügen island), had to wait in a bunker for many hours afterward for
the site to become less dangerous (short radioactive half-lives?), and then had to wear a
special protective suit when inspecting the leveled test site afterward (pp. 2688–2693).

(f) Werner Grothmann stated in 2000–2002 interviews that there was a successful atomic
bomb test in October 1944 (p. 2694).

(g) In a 13 March 2005 television interview, Elisabeth Mestlin stated that she observed a
massive explosion on Rügen from a neighboring island on 12 October 1944 (p. 2697).

6. There may have been a test explosion in Poland in approximately November
1944, as reported by multiple sources (Section D.2.6):

(a) As already mentioned, a Top Secret U.S. cable from March 1946 stated that a “capable
young engineer” in Poland knew that atomic bomb casings included a layer of cadmium,
which was true for the implosion bomb designs described by both Ilyichev and Schu-
mann (p. 2704). The Polish engineer’s knowledge suggests that German-run industry in
wartime Poland was involved in developing and/or testing an atomic bomb.

(b) Robert Jackson, chief U.S. prosecutor at the Nuremberg trials, stated on 21 June 1946
that he had received evidence that a new bomb design producing very intense heat had
killed 20,000 Jewish prisoners in a specially constructed test village near Auschwitz (p.
2705).

(c) In December 1946, Otto Hahn said that there had been rumors that “atom bomb tests
had been carried out in Poland during the last year of the war which were supposed to
have had an e↵ect similar to the first atom bomb dropped on Hiroshima though on a
considerably smaller scale” (p. 2707).

(d) Gezo Mansfeldt, a survivor of Auschwitz, reported in December 1946 that he was fre-
quently interrogated by Soviet o�cials about high-security wartime production work at
Auschwitz and that he “learned of the atomic bomb tests” (p. 2708).

(e) A 1947 U.S. intelligence report stated that the Germans built a heavy water production
plant near Auschwitz and that it was removed by the Soviets (p. 2708). Heavy water
would only be useful for nuclear work, and the production of heavy water near Auschwitz
suggests the presence of other nuclear work in Poland.
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(f) In 1947, Heinrich Himmler’s physical therapist, Felix Kersten, stated that Franz Göring,
a senior SS security o�cial, had told him that a new bomb design producing several
thousand degrees of heat had killed 20,000 Jewish prisoners in a specially constructed
test village near Auschwitz (p. 2709).

(g) Heinrich Himmler’s personal astrologer, Wilhelm Wul↵, confirmed that Franz Göring
had stated that a new bomb design producing several thousand degrees of heat had
killed 20,000 Jewish prisoners in a specially constructed test village near Auschwitz (p.
2710).

(h) Werner Grothmann stated that there was a successful atomic bomb test in or around
November 1944 (p. 2694).

7. There may have been a test explosion in Thuringia in March 1945, as reported
by multiple sources (Section D.2.7):

(a) A 15 November 1944 letter from General Ivan Ilyichev, chief of intelligence for the Soviet
army, to Joseph Stalin reported that the Germans in Thuringia were preparing under
hurried but very high security conditions to test a new “bomb of unusual construction”
with a “large destructive power” that might be an atomic bomb (p. 2718).

(b) A 23 March 1945 letter from General Ilyichev to Joseph Stalin reported that the Germans
in Thuringia had recently conducted two very high-security test explosions of a new
bomb design, described in considerable detail as a 2-ton, 1.3-meter-diameter spherical
implosion device with multiple concentric layers and a uranium-235 core that created
a “massive radioactive e↵ect,” incinerated or burned nearby prisoners of war (POWs),
and destroyed buildings and trees within a radius of 500–600 meters (Fig. 8.44 bottom
and p. 2722).

(c) In a 30 March 1945 letter from Igor Kurchatov to General Ilyichev, Kurchatov analyzed
the details reported in the 23 March 1945 letter, said it gave a “very believable description
of the construction of the bomb,” and requested further information (p. 2733).

(d) 21 and 29 May 1945 letters from Georgy Flerov to Igor Kurchatov reported that Flerov
was currently in Dresden and en route to study the alleged German atomic test site
using Geiger counters, and requested that former POWs returning from Germany to the
Soviet Union should be interviewed to learn if any of them knew anything about the test
(p. 2739).

(e) An October 1945 report from Soviet Marshall Georgy Zhukov to Stalin stated: “On
the basis of the materials we have collected, one can conclude that the Germans have
achieved good results in the field of theoretical and practical research and application of
nuclear power up to the construction of an atomic bomb” (p. 2756).

(f) A 1946 Russian interrogation summary reported that Robert Döpel stated that there
was an atomic bomb test on a German military base before the end of the war (p. 2757).

(g) Apparently there is or at least was considerably more information about the apparent
German nuclear tests in Russian government archives, including even a captured German
film entitled “Film of the Launch of a V-2 and the Explosion of an Atomic Bomb” (p.
2760). At a bare minimum, there are presumably documents identifying the Soviet spy
who provided the information given in Ilyichev’s two reports, documents reporting the
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suspected test site location to Flerov (which he seemed to know, but which was not in
Ilyichev’s two reports), documents reporting what (if anything) Flerov ultimately found,
and documents describing the “collected materials” to which Zhukov referred.

(h) 21 March 1945 and 9 June 1945 U.S. aerial reconnaissance photos of the Ohrdruf mil-
itary base appeared to show a large circular area of possible blast damage, as well as
surrounding buildings that may have been a↵ected by blast and/or radioactive fallout,
whereas a 12 August 1944 aerial reconnaissance photo did not show those features (pp.
2763–2767).

(i) In what appears to be a transcript of her testimony before an East German government
inquiry on 16 May 1962, Cläre Werner, a wartime lookout at the Veste Wachsenburg
castle near the Ohrdruf Truppenübungsplatz military base, reported watching a large
nearby test explosion on 4 March and another one on 12 March 1945, as well as being
informed of the historic nature of the explosions by visiting military and SS o�cials.
She reported that she and other local residents su↵ered from symptoms that sound like
radiation sickness. Although there are unresolved questions about the nature and the
chain of custody of the 1962 transcript, Cläre Werner confirmed the key points of her
testimony in several interviews conducted in 1999–2000 (p. 2771).

(j) In a transcript of his apparent testimony before the same East German government
inquiry on 16 May 1962, Heinz Wachsmut reported being conscripted into a unique work
assignment for the afternoon and evening of 5 March 1945 in Thuringia. He reported
encountering large numbers of living, dying, and dead people su↵ering from what sounds
like radiation sickness and burns in the aftermath of what the SS told him was a history-
making test explosion. Under the close supervision of the SS, he was instructed to wear
protective gear, and he burned approximately 450 bodies on woodpiles and saw a total
of approximately 700 bodies being burned. (It is not clear if all of those were victims
of the test explosion, or if some were victims of the daily harsh treatment of POWs.)
Afterward his protective gear and clothing were burned, he was instructed to wash
himself thoroughly, and he was unable to eat for days afterward possibly due to radiation
sickness. While there are again unresolved questions about the 1962 transcript, the family
of Heinz Wachsmut confirmed that he had described the same events and details to them
(p. 2775).

(k) In transcripts of his testimony before East German government inquiries in 1966, Erich
Rundnagel, a plumber who had worked for Kurt Diebner’s nuclear research group in
Thuringia during the war, reported that the scientists had told him they had two eight-
kilogram atomic bombs (presumably fission pits for atomic bombs) in their safe (p.
2781).

(l) Colonel Oscar Koch, who was a high-ranking intelligence o�cer working with General
George Patton, stated that a German prisoner of war described the massive explosion
of a new bomb type in Thuringia in March 1945 (p. 2783).

(m) Werner Grothmann stated in 2000–2002 interviews that there was an atomic bomb test
in Thuringia on 4 March 1945 (p. 2694).

8. During the war, there was high-level Axis political support from Adolf Hitler,
Heinrich Himmler, Hans Kammler (German, 1901–?), Wilhelm Ohnesorge (Ger-
man, 1872–1962), and others for the development and deployment of nuclear
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weapons. There was also high-level Allied political belief by Franklin Roosevelt,
Dwight Eisenhower, J. Edgar Hoover, Allen Dulles, and others in the reality of
advanced German nuclear weapons programs (Section D.2.8):

(a) Heinrich Himmler’s diplomatic contact, Grand Mufti Amin al-Husaini of Jerusalem,
wrote that Himmler had informed him in July 1943 that Germany was developing an
atomic bomb (p. 2791).

(b) Heinrich Himmler’s political rival, Albert Speer, wrote that Himmler was keenly inter-
ested in developing an atomic bomb during the war (p. 2794).

(c) The Daily Telegraph and Morning Post reported that in 1944, Germany was preparing
“an atomic bomb” with “an explosive radius of more than two miles” (p. 2798).

(d) On 5 August 1944, Hitler informed the Romanian dictator Ion Antonescu that Germany
had developed and would use a V-series weapon with “such a tremendous e↵ect that
all human life would be destroyed within a radius of three to four kilometers from the
impact point” (p. 2799).

(e) In September 1944, the Los Angeles Times reported that invading U.S. troops had found
evidence that Germany was preparing a rocket-launched bomb “with an explosive radius
of three kilometers” (p. 2800).

(f) In a 9 December 1944 memo, U.S. Admiral William Leahy stated that on 8 December
the Joint Chiefs of Sta↵ discussed the possibility of a “V-3 stratospheric bomb attack”
on the United States (p. 2805).

(g) Margaret Suckley, President Franklin Roosevelt’s secretary, wrote on 9 December 1944
in her diary that Roosevelt had received reliable reports that the Germans had developed
a bomb capable killing everything within a mile and that the German program was “way
ahead” of similar U.S. research (p. 2806).

(h) On 16 December 1944, Benito Mussolini stated that “thousands of German scientists are
working day and night” to develop new weapons that would change the war, apparently
in reference to information he received via Luigi Romersa (p. 2808).

(i) In 16 November 1944 and 9 February 1945 letters from FBI Director J. Edgar Hoover to
President Franklin Roosevelt’s advisor Harry Hopkins, Hoover reported that intercepted
messages from Germany to German spies in the U.S. asked the spies about “the prob-
able reaction of the people of the United States if Germany used the explosive power
obtained through the splitting of the uranium atom,” high-priority targets in the United
States that Germany could bomb, and methods that U.S. labs used to avoid criticality
accidents with large quantities of uranium, suggesting that Germany had large quantities
of enriched uranium (pp. 2804–2810).

(j) Widespread German reports from late 1944 through 1945 claimed that Germany was on
the verge of deploying atomic bombs and missiles for them (p. 2811).

(k) On 14 February 1945, Hitler told one of his doctors: “In no time at all, I’m going to
start using my Victory weapon and then the war will come to a glorious end. Some time
ago we solved the problem of nuclear fission, and we have developed it so far that we
can exploit the energy for armaments purposes. They won’t know what hit them! It’s
the weapon of the future. With it Germany’s future is assured” (p. 2812).
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(l) Heinrich Himmler’s physical therapist, Felix Kersten, wrote that in early March 1945,
Himmler was very optimistic about the imminent success of an atomic bomb (p. 2709).

(m) Heinrich Himmler’s personal astrologer, Wilhelm Wul↵, confirmed that in mid-March
1945, Himmler was very optimistic about the imminent success of an atomic bomb (p.
2710).

(n) In 2000–2002 interviews, Werner Grothmann described how an extensive program run
by Heinrich Himmler developed, tested, and debated the deployment of atomic bombs
(p. 2815).

(o) In a 1 April 1945 telegram to Allied leaders, a senior U.S. intelligence o�cial, Allen
Dulles, reported that Luftwa↵e General Albert Kesselring mentioned deliberations among
Hitler’s top sta↵ about whether to use a final secret weapon, referred to as the “desper-
ation weapon,” that would cause a “terrible blood bath” (p. 2817).

(p) In a September 1945 interrogation, the father of an SS o�cer told Americans about
deliberations among Hitler’s top sta↵ over an atomic bomb in April 1945 (p. 2817).

(q) Shortly after the war, German rocket engineers Wernher von Braun and Walter Dorn-
berger, as well as American o�cials who examined the German rocket program, reported
that Germany planned to use its rockets to carry a “much more powerful explosive,” pre-
sumably atomic bombs (p. 2821).

(r) In a 25 August 1945 press release, the U.S. O�ce of War Information stated that “Ger-
many’s inner war secrets” included “experiments with the atomic bomb,” that “Germans
made significant progress in the development of an atomic bomb,” and that not all “of
the secrets... may be disclosed at this time” (p. 2823).

(s) Shortly after the war, U.S. Army General George C. Marshall made several noteworthy
public statements: (1) “German technological advances such as in the development of
atomic explosives made it imperative that we attack before these terrible weapons could
be turned against us.” (2) “At the close of the German war in Europe they [U.S. factories]
were just on the outer fringes of the range of fire from an enemy in Europe. Goering
stated after his capture that it was a certainty the eastern American cities would have
been under rocket bombardment had Germany remained undefeated for two more years.
The first attacks would have started much sooner.” (3) “It is not hard to predict that
supersonic atomic rockets will have a profound influence on any war that ever again has
to be fought” (p. 2828).

(t) In July 1946, the U.S. Army Air Force Review published an article stating, “it is still
a matter of scientific conjecture just how many weeks—or days—it might have taken
Germany to be ready with her atomic devices for the V-2s” (p. 2833).

9. Publicly, the U.S. Alsos Mission failed to seriously investigate major organiza-
tions (Reichspost, SS, Army Ordnance O�ce, IG Farben, Siemens, etc.), scien-
tists (Manfred von Ardenne, Rolf Engel, Siegfried Flügge, Gustav Hertz, Werner
Holtz, Fritz Houtermans, Hubert Schardin, Erich Schumann, Werner Schwiet-
zke, Max Steenbeck, Walter Trinks, etc.), and locations (Soviet-occupied areas
of Germany, most areas of Thuringia and Austria, Poland, Czechoslovakia, Hun-
gary, Norway, and Denmark) that are known or suspected to have been involved
in the German nuclear weapons program (Section D.2.9):
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(a) In his 1947 book, Samuel Goudsmit, the scientific leader of the Alsos Mission, stated that
he decided in advance to focus on Werner Heisenberg’s work and that he did not consider
it important to seriously investigate other scientists, locations, and organizations that
could have been involved in nuclear work (p. 2836).

(b) The detailed Manhattan District History of the Alsos Mission, written in 1947 and kept
classified for decades, confirmed the information reported by Goudsmit—Alsos indeed
failed to seriously pursue numerous scientists, locations, and organizations that could
have given much more information about the German nuclear program (p. 2841).

(c) In the Farm Hall transcripts, ten German scientists who had been rounded up by Alsos
and detained for six months in a bugged U.K. house discussed Goudsmit’s clear preju-
dices and openly speculated that their conversations were being monitored (thus they
would have conducted their conversations accordingly, p. 2862).

10. In secret, the United States and/or United Kingdom may have found and ben-
efited from materials and expertise from the German nuclear weapons program
(Section D.2.10):

(a) There is evidence that some Alsos personnel, or other personnel associated with Alsos,
may have found information on some aspects of the German nuclear weapons program
(p. 2870).

(b) There are indications that Dutch intelligence may have provided information about the
German nuclear weapons program to the United States during and after the war (p.
2883).

(c) There is evidence that French intelligence may have provided information about the
German nuclear weapons program to the United States during and after the war (p.
2885).

(d) In May 1945, the German submarine U-234 surrendered to the United States. It con-
tained 560 kg of uranium oxide (possibly enriched), bomb detonators, other materials,
plans, and technical experts that may have shed light on the German nuclear program.
Other submarines may have carried additional relevant materials, documents, and per-
sonnel (p. 2887).

(e) Many high-level German military and political o�cials who presumably would have
known a great amount about the German nuclear program were captured and interro-
gated at length by the United States and/or United Kingdom. That includes Dr. Ing.
Hans Kammler, the SS General who controlled all German advanced weapons programs
by the end of the war, was allegedly killed in May 1945, but apparently was actually cap-
tured and interrogated for months or perhaps even years by the United States. Available
documents show that those o�cials did indeed discuss the German nuclear program, al-
though currently available declassified documents do not reveal most of the details that
those German o�cials provided (p. 2903).

(f) At the end of the war, investigators from the United States personally inspected many
of the facilities where German nuclear work may have occurred. Reports on what they
found have never been publicly released (p. 2919).
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(g) Many German and Austrian scientists who appear to have been involved in the nuclear
program visited or worked in the United States after the war, and may have provided
information about wartime German work. Files for some scientists are still not available
to the public (p. 2935).

(h) There is evidence that other U.S. investigators, or intelligence services from other coun-
tries, may have found information about the German nuclear program (p. 2939).

As shown in Table 8.2, very tentative design parameters for the device that may have been tested
in Thuringia in March 1945 may be estimated from these primary sources, simple physics, and un-
classified documents about the United States’ first implosion bombs (Gadget, which was detonated
in New Mexico on 16 July 1945, and its fully packaged version, Fat Man, which was dropped on
Nagasaki on 9 August 1945) and other nuclear weapon designs [Coster-Mullen 2012; Goncharov
1996; Gsponer and Hurni 2009; Hansen 1988, 2007; Reed 2015, 2019; Serber 1992; Sublette 2019;
Wellerstein and Geist 2017; Winterberg 2010]. The results of this analysis are consistent with those
of previous analyses [ Eilers 2007, 2015; Mineev and Funtikov 2007]. For more details, see Section
D.4.4.

It is possible that the reports of wartime German nuclear weapons tests arose from tests of non-
nuclear weapons (such as fuel-air explosives or chemical warfare agents), false wartime propaganda,
or other factors. However, it is known that there were extensive and highly secretive nuclear pro-
grams in wartime Germany, that numerous military research and production sites were severely
bombed by the Allies during the war and/or sanitized by the Germans at the end of the war, that
Germans destroyed or hid large amounts of documents and research at the end of the war, and that
Soviet, U.S., U.K., and French forces vacuumed up as many scientists and documents and as much
equipment as they could find along the way. If the new evidence is indeed correct, one could un-
derstand why the Germans involved would have been loath to admit their deeds afterward for fear
of being prosecuted as war criminals, or why any Allied forces that found secret evidence of Ger-
man nuclear accomplishments would have preferred to claim those technologies and achievements
exclusively for themselves.

The evidence presented in Appendix D does not conclusively prove that Germany successfully
developed a nuclear weapon during the war. Nonetheless, the available evidence appears to be
strongly suggestive of and highly consistent with that conclusion. Therefore, it is vitally important
for researchers to thoroughly search all relevant government and personal archives in Russia, the
United States, the United Kingdom, France, Germany, Austria, Switzerland, the Netherlands, and
elsewhere to find additional documents that could fully elucidate the scope, history, and accom-
plishments of the wartime German nuclear program. Industrial archaeology and chemical analyses
at sites where nuclear work may have taken place could also shed a great deal of light on the
methods and results of the nuclear program.



1168 CHAPTER 8. CREATORS & CREATIONS IN NUCLEAR SCIENCE & ENGINEERING

C
oo

rd
in

at
io

n 
19

39
-1

94
2/

43
:  

A
rm

y 

H
ea

d:
 E

m
il 

L
ee

b,
 E

ri
ch

 S
ch

um
an

n 

Se
ni

or
 st

af
f: 

K
ur

t D
ie

bn
er

, e
tc

. 

   
   

   
C

oo
rd

in
at

io
n 

19
42

/4
3-

19
45

:  
SS

 
H

ea
d:

 H
ei

nr
ic

h 
H

im
m

le
r 

Se
ni

or
 st

af
f: 

A
lfr

ed
 B

au
bi

n,
 G

ot
tlo

b 
B

er
ge

r, 
? 

B
ra

nd
t, 

   
W

er
ne

r 
G

ro
th

m
an

n,
 H

an
s K

am
m

le
r, 

? 
K

na
pp

, R
ud

ol
f M

en
tz

el
, 

   
E

ri
ch

 P
ur

uc
ke

r, 
W

al
th

er
 S

ch
ie

be
r, 

O
tto

 S
ch

w
ab

, e
tc

. 

   
   

A
rm

y 
O

rd
na

nc
e 

O
ffi

ce
 

Im
pl

os
io

n 
st

af
f: 

W
al

te
r 

B
as

ch
e,

 
   

Fr
ie

dr
ic

h 
G

eo
rg

 G
ei

st
, R

ic
ha

rd
 

   
G

la
sg

ow
, E

ri
ch

 H
ab

an
n,

 G
er

d 
   

H
in

ri
ch

s, 
G

er
ha

rd
 J

un
g,

 W
al

te
r 

   
K

ad
ow

, G
ün

te
r 

Sa
ch

ss
e,

 R
ud

i S
ch

al
l, 

. 
   

E
ri

ch
 S

ch
ne

id
er

, E
ri

ch
 S

ch
um

an
n,

 
   

W
al

te
r T

ri
nk

s, 
K

ur
t W

ol
k,

 e
tc

. 
Fi

ss
io

n 
st

af
f: 

E
ri

ch
 B

ag
ge

, F
ri

ed
ri

ch
 

   
B

er
ke

i, 
W

er
ne

r 
C

zu
liu

s, 
K

ur
t 

   
D

ie
bn

er
, G

eo
rg

 H
ar

tw
ig

, W
al

te
r 

   
H

er
rm

an
n,

 S
ie

gw
ar

d 
H

ül
sm

an
n,

 
   

E
. K

am
in

, O
sk

ar
 P

fe
ts

ch
er

, H
ei

nz
 

   
Po

se
, H

ei
nz

 R
ac

kw
itz

, F
ri

tz
 R

eh
be

in
,  

   
E

rn
st

 R
ex

er
, E

rn
st

 S
tu

hl
in

ge
r, 

et
c.

 
U

 c
en

tr
ifu

ge
 st

af
f: 

W
er

ne
r 

H
ol

tz
, 

   
O

rt
w

in
 S

ch
ul

ze
, 

   
W

er
ne

r 
Sc

hw
ie

tz
ke

, e
tc

. 
L

oc
at

io
ns

: B
er

lin
, H

ill
er

sl
eb

en
, 

   
K

um
m

er
sd

or
f/G

ot
to

w
, 

   
O

hr
dr

uf
, S

ta
dt

ilm
, e

tc
.  

   
   

   
   

   
 S

S 
St

af
f: 

K
ar

l-H
ei

nz
 B

os
ec

k,
  

   
H

el
m

ut
 F

is
ch

er
, e

tc
. 

L
oc

at
io

ns
: A

us
tr

ia
, C

ze
ch

, 
   

Po
la

nd
, O

ra
ni

en
bu

rg
, 

   
L

ün
eb

ur
g 

H
ea

th
, 

   
T

hu
ri

ng
ia

, e
tc

. 
W

or
k:

 U
 e

nr
ic

hm
en

t, 
   

Pu
 b

re
ed

in
g,

 e
tc

.  

   
   

   
  P

os
t O

ffi
ce

 
H

ea
d:

 W
ilh

el
m

 O
hn

es
or

ge
 

St
af

f: 
  M

an
fr

ed
 v

on
 A

rd
en

ne
, 

   
O

tto
 B

ai
er

, F
ri

ed
ri

ch
 B

an
ne

itz
, 

   
Si

eg
fr

ie
d 

Fl
üg

ge
, F

ri
tz

 
   

H
ou

te
rm

an
s, 

D
et

lo
f L

yo
ns

, G
eo

rg
 

   
O

tte
rb

ei
n,

 O
tto

 P
et

er
, H

el
m

ut
 

   
Sa

lo
w

, K
ur

t S
au

er
w

ei
n,

 e
tc

. 
L

oc
at

io
ns

: B
er

lin
 a

re
a-

-s
ev

er
al

, 
   

Si
le

si
a,

 T
hu

ri
ng

ia
, e

tc
. 

W
or

k:
 E

le
ct

ro
m

ag
. e

nr
ic

hm
en

t, 
   

im
pl

os
io

n 
bo

m
b 

de
si

gn
, 

   
el

ec
tr

on
uc

le
ar

 b
re

ed
in

g,
 e

tc
. 

   
   

   
   

  A
us

tr
ia

-b
as

ed
 

H
ea

d:
 G

eo
rg

 S
te

tte
r 

St
af

f: 
A

lfr
ed

 B
ön

is
ch

, A
lfr

ed
 B

ru
kl

, 
   

Fr
ie

dr
ic

h 
H

er
ne

gg
er

, G
eo

rg
 H

er
zo

g,
 

   
W

ill
ib

al
d 

Je
nt

sc
hk

e,
 B

er
ta

 K
ar

lik
, 

   
K

ar
l L

in
tn

er
, O

tto
 M

er
ha

ut
,  

   
G

us
ta

v 
O

rt
ne

r, 
Jo

se
f S

ch
in

tlm
ei

st
er

, 
   

A
do

lf 
Sm

ek
al

, H
er

ta
 W

am
ba

ch
er

, 
   

G
er

no
t Z

ip
pe

, e
tc

. 
L

oc
at

io
ns

: G
us

en
, L

in
z,

 L
of

er
, 

   
Q

ua
rz

, R
ed

l Z
ip

f, 
So

pr
on

, 
   

T
hu

m
er

sb
ac

h,
 V

ie
nn

a,
 e

tc
. 

W
or

k:
 P

u 
br

ee
di

ng
, H

 b
om

b,
 e

tc
. 

   
   

   
   

   
   

   
N

av
y 

H
ea

d:
 W

ilh
el

m
 R

he
in

 
St

af
f: 

H
el

m
ut

 H
as

se
, 

   
O

tto
 H

ax
el

, F
ri

tz
 H

ou
te

rm
an

s, 
   

Pa
sc

ua
l J

or
da

n,
 H

ei
nz

 S
ch

lic
ke

, e
tc

.. 
L

oc
at

io
ns

: B
er

lin
, K

ie
l, 

et
c.

 
W

or
k:

 N
uc

le
ar

 su
bm

ar
in

es
, e

tc
.  

   
   

   
   

A
ir

 F
or

ce
 

H
ea

d:
 H

er
m

an
n 

G
ör

in
g 

St
af

f: 
A

do
lf 

B
us

em
an

n,
 

   
G

ot
tfr

ie
d 

G
ud

er
le

y,
 

   
H

ub
er

t S
ch

ar
di

n,
 e

tc
. 

L
oc

at
io

ns
: B

ra
un

sc
hw

ei
g,

 e
tc

.. 
W

or
k:

 Im
pl

os
io

n,
 e

tc
. 

   
   

   
  A

ue
r/

D
eg

us
sa

 
St

af
f: 

Ph
ili

pp
 H

oe
rs

ch
, E

go
n 

Ih
w

e,
 

   
Fr

itz
 K

lä
nh

ar
dt

, H
en

ry
 O

rt
m

an
n,

 
   

K
ur

t Q
ua

se
ba

rt
, R

ab
be

, N
ik

ol
au

s 
   

R
ie

hl
, K

ar
l-H

ei
nz

 R
ie

w
e,

 W
al

te
r 

   
V

öl
ke

l, 
K

ar
l W

ei
s, 

G
ün

te
r W

ir
th

s, 
   

Pa
ul

 M
ax

 W
ol

f, 
et

c.
 

L
oc

at
io

ns
: B

er
lin

, O
ra

ni
en

bu
rg

, 
   

Fr
an

kf
ur

t, 
St

ad
til

m
 

W
or

k:
 U

/T
h 

or
e/

m
et

al
 

   
   

   
   

   
   

   
   

A
E

G
 

St
af

f: 
W

ol
fg

an
g 

Fe
rr

an
t, 

H
ar

tm
ut

 
   

K
al

lm
an

n,
 E

rn
st

 K
uh

n 
L

oc
at

io
ns

: B
er

lin
, e

tc
. 

W
or

k:
 F

us
io

n 
fu

el
, n

eu
tr

on
 in

iti
at

or
s, 

et
c.

 

   
   

   
   

   
Si

em
en

s 
St

af
f: 

H
ei

nz
 B

ar
w

ic
h,

 G
us

ta
v 

   
H

er
tz

, M
ax

 S
te

en
be

ck
, e

tc
.  

L
oc

at
io

ns
: B

er
lin

, e
tc

. 
W

or
k:

 U
ra

ni
um

 e
nr

ic
hm

en
t, 

et
c.

 

  M
au

er
 

St
af

f: 
? 

L
oc

at
io

n:
 ?

 
W

or
k:

 
   

U
/T

h 
or

e 

  C
ze

ch
/S

ile
si

a-
ba

se
d 

St
af

f: 
A

le
sc

h,
 B

aj
er

, R
ol

f 
   

E
ng

el
, F

ra
nz

 H
üt

tig
, 

   
K

af
ka

, K
ap

pe
l, 

O
ds

tr
ac

il,
 

   
R

už
ek

, S
al

ow
, K

ar
el

 
   

St
al

le
r, 

T
ön

ie
s, 

   
W

ilh
el

m
 V

os
s, 

et
c.

 
L

oc
at

io
ns

: B
rn

o,
 P

ib
ra

m
s, 

   
Pi

ls
en

, P
od

m
ok

ly
, P

ra
gu

e,
 

   
R

ie
se

, e
tc

. 
W

or
k:

 E
le

ct
ro

nu
cl

ea
r 

   
br

ee
di

ng
, e

tc
. 

   
   

   
H

en
sc

he
l 

St
af

f: 
H

er
be

rt
 W

ag
ne

r, 
et

c.
 

L
oc

at
io

ns
: B

er
lin

 
W

or
k:

 F
is

si
on

 b
om

b,
 

   
fis

si
on

 p
ro

pu
ls

io
n 

   
H

am
bu

rg
/K

ie
l-b

as
ed

 
H

ea
d:

 P
au

l H
ar

te
ck

 
St

af
f: 

K
on

ra
d 

B
ey

er
le

, R
ud

ol
f 

   
E

ds
e,

 K
. H

. E
ld

au
, W

ilh
el

m
 

   
G

ro
th

, J
. H

an
s J

en
se

n,
 

   
Fr

ie
dr

ic
h 

K
na

ue
r, 

W
er

ne
r 

   
K

uh
n,

 H
an

s M
ar

tin
, H

an
s 

   
Su

es
s, 

A
lb

er
t S

uh
r, 

W
ilh

el
m

 
   

W
al

ch
er

, R
ol

f W
id

er
öe

, e
tc

. 
L

oc
at

io
ns

: C
el

le
, H

am
bu

rg
, 

   
K

ie
l, 

et
c.

 
W

or
k:

 U
 c

en
tr

ifu
ge

s, 
D

2O
 

   
pr

od
uc

tio
n,

 e
le

ct
ro

nu
cl

ea
r, 

et
c.

   

R
ei

ch
 R

es
ea

rc
h 

C
ou

nc
il 

H
ea

d:
 H

er
m

an
n 

G
ör

in
g 

Se
ni

or
 st

af
f: 

A
br

ah
am

 E
sa

u 
(1

93
9-

19
43

), 
 

   
W

al
th

er
 G

er
la

ch
 (1

94
3-

19
45

), 
   

K
ur

t D
ie

bn
er

, ,
 R

ud
ol

f M
en

tz
el

, e
tc

. 

 U
ni

on
 

M
in

iè
re

 
St

af
f: 

? 
L

oc
at

io
n:

 
   

B
ru

ss
el

s 
W

or
k:

 
   

U
/T

h 
or

e.
 

Tr
ei

ba
ch

er
. 

St
af

f: 
? 

L
oc

at
io

n:
 

   
A

lth
of

en
 

W
or

k:
 

   
U

/T
h 

or
e 

   
   

N
or

w
ay

-b
as

ed
. 

St
af

f: 
? 

L
oc

at
io

ns
: V

em
or

k,
 

   
Tr

on
dh

ei
m

, e
tc

. 
W

or
k:

 D
2O

 p
ro

du
ct

io
n,

 e
tc

. 

D
en

m
ar

k-
ba

se
d.

 
St

af
f: 

? 
L

oc
at

io
ns

: 
   

B
or

nh
ol

m
, e

tc
. 

W
or

k:
 ?

  

N
ot

e:
 

N
am

es
 a

re
 

al
ph

ab
et

ic
al

, 
no

t i
n 

or
de

r 
of

 im
po

rt
an

ce
 

   
   

   
   

   
 I.

G
. F

ar
be

n 
pr

og
ra

m
s 

H
ea

d:
 O

tto
 A

m
br

os
 

St
af

f: 
K

ar
l G

ei
b,

 P
au

l H
er

ol
d,

 W
al

te
r 

K
w

as
ni

k,
 

   
E

ri
ch

 N
oa

ck
, e

tc
. 

L
oc

at
io

ns
: A

us
ch

w
itz

, F
ra

nk
fu

rt
, L

eu
na

, 
   

L
ud

w
ig

sh
af

en
, O

pp
au

, P
öl

itz
, W

al
de

nb
ur

g,
 e

tc
. 

W
or

k:
 C

he
m

ic
al

 c
om

po
un

ds
 fo

r 
U

 e
nr

ic
hm

en
t, 

   
Pu

 e
xt

ra
ct

io
n;

 D
2O

 p
ro

du
ct

io
n,

 e
tc

. 

   
   

   
   

   
   

 K
ai

se
r W

ilh
el

m
 In

st
itu

te
s 

M
ili

ta
ry

-r
el

at
ed

 st
af

f: 
L

ud
w

ig
 B

ew
ilo

gu
a,

 H
ei

nz
 E

w
al

d,
 

   
G

eo
rg

 G
ra

ue
, U

lr
ic

h 
Je

tte
r, 

A
lfr

ed
 K

le
m

m
, J

os
ef

 M
at

ta
uc

h,
 

   
W

er
ne

r 
M

au
er

, P
et

er
 T

hi
es

se
n,

 K
ar

l W
ir

tz
, e

tc
. 

N
on

-m
ili

ta
ry

-r
el

at
ed

 st
af

f: 
W

al
th

er
 B

ot
he

, R
ud

ol
f 

   
Fl

ei
sc

hm
an

n,
 O

tto
 H

ah
n,

 W
er

ne
r 

H
ei

se
nb

er
g,

 M
ax

 v
on

 
   

L
au

e,
 F

ri
tz

 S
tr

as
sm

an
n,

 C
ar

l F
ri

ed
ri

ch
 v

on
 W

ei
zs

äc
ke

r, 
et

c.
 

L
oc

at
io

ns
: K

W
I P

hy
si

cs
, C

he
m

, B
io

, e
tc

. 

   
  B

uc
hl

er
 

St
af

f: 
? 

L
oc

at
io

n:
 H

ar
z,

 
   

B
ra

un
sc

hw
ei

g 
W

or
k:

 
   

U
/T

h 
or

e 

   
   

U
ni

ve
rs

ity
 o

f L
ei

pz
ig

 
St

af
f: 

K
ar

l-F
ri

ed
ri

ch
 B

on
ho

ef
fe

r, 
   

R
ob

er
t D

öp
el

, G
er

ha
rd

 H
of

fm
an

n 
W

or
k:

 F
is

si
on

, c
yc

lo
tr

on
s, 

et
c.

 

   
   

 U
ni

ve
rs

ity
 o

f M
un

ic
h 

St
af

f: 
K

la
us

 C
lu

si
us

, G
er

ha
rd

 D
ic

ke
l, 

   
W

al
th

er
 G

er
la

ch
, L

ud
w

ig
 W

al
dm

an
n 

W
or

k:
 T

he
rm

al
 e

nr
ic

hm
en

t, 
et

c.
 

   
   

G
öt

tin
ge

n 
U

ni
ve

rs
ity

 
St

af
f: 

W
ilh

el
m

 H
an

le
, G

eo
rg

 J
oo

s, 
   

H
an

s K
op

fe
rm

an
n,

 W
ol

fg
an

g 
Pa

ul
 

W
or

k:
 E

le
ct

ro
m

ag
. e

nr
ic

hm
en

t, 
et

c.
 

R
ei

ch
sw

er
ke

 H
. G

ör
in

g 
H

ea
d:

 H
er

m
an

n 
G

ör
in

g 
L

oc
at

io
ns

: B
er

lin
, S

al
zg

itt
er

, 
   

L
in

z,
 e

tc
. 

W
or

k:
 M

et
al

lu
rg

y,
 e

tc
. 

Figure 8.24: Very tentative organizational chart of the German nuclear program.
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Figure 8.25: Examples of scientists and engineers at the Army Ordnance O�ce (Heereswa↵enamt)
who played critical roles in the development of nuclear technologies in wartime Germany.
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Figure 8.26: More examples of scientists and engineers at the Army Ordnance O�ce (Heereswaf-
fenamt) who played critical roles in the development of nuclear technologies in wartime Germany.
Erich Schumann was the head scientist.
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Figure 8.27: Examples of scientists and engineers in Kurt Diebner’s group at the Army Ordnance
O�ce (Heereswa↵enamt) who played critical roles in the development of nuclear technologies in
wartime Germany.
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Figure 8.28: Examples of scientists and engineers at Navy (Kriegsmarine, under chief scientist
Helmut Hasse) and Air Force (Luftwa↵e) laboratories who played critical roles in the development
of nuclear technologies in wartime Germany.
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Figure 8.29: Examples of scientists and engineers at Post O�ce (Reichspost, led by Wilhelm Ohne-
sorge) laboratories who played critical roles in the development of nuclear technologies in wartime
Germany.
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Figure 8.30: Examples of scientists and engineers in the SS (ultimately led by Hans Kammler) who
played critical roles in the development of nuclear technologies in wartime Germany.
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Figure 8.31: Examples of scientists and engineers at the Kaiser Wilhelm Institute (KWI) for Physics
who played critical roles in the development of nuclear technologies in wartime Germany. Werner
Heisenberg was the head scientist.
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Figure 8.32: Examples of scientists and engineers at the Kaiser Wilhelm Institute (KWI) for Chem-
istry who played critical roles in the development of nuclear technologies in wartime Germany. Josef
Mattauch was the head scientist.
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Figure 8.33: Examples of scientists and engineers at the Kaiser Wilhelm Institute (KWI) for Medical
Research who played critical roles in the development of nuclear technologies in wartime Germany.
Walther Bothe was the head scientist.
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Figure 8.34: Examples of scientists and engineers at the Kaiser Wilhelm Institutes (KWI) for
Brain Research, Biophysics, and Physical Chemistry who played critical roles in the development
of nuclear technologies in wartime Germany.
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Figure 8.35: Examples of scientists and engineers at the Physical-Technical Reich Institute
(Physikalische-Techische Reichsanstalt, PTR) and the University of Leipzig who played critical
roles in the development of nuclear technologies in wartime Germany. Abraham Esau was the head
scientist of the PTR, and was in charge of large parts of the German nuclear program early in the
war.
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Figure 8.36: Examples of scientists and engineers at the University of Munich and Göttingen Uni-
versity who played critical roles in the development of nuclear technologies in wartime Germany.
Walther Gerlach was in charge of large parts of the German nuclear program later in the war.
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Figure 8.37: Examples of scientists and engineers at the University of Hamburg and elsewhere in the
Hamburg/Kiel area who played critical roles in the development of nuclear technologies in wartime
Germany. Paul Harteck was the head scientist.
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Figure 8.38: Examples of scientists and engineers at the University of Vienna who played critical
roles in the development of nuclear technologies in wartime Germany. Georg Stetter was the head
scientist.
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Figure 8.39: Examples of scientists and engineers at Auergesellschaft/Degussa company laboratories
who played critical roles in the development of nuclear technologies in wartime Germany.
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Figure 8.40: Examples of scientists and engineers at I.G. Farben and Henschel company laboratories
who played critical roles in the development of nuclear technologies in wartime Germany. Otto
Ambros was the head scientist at I.G. Farben, and Herbert Wagner was the lead scientist at
Henschel.
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Figure 8.41: Examples of scientists and engineers at AEG and Siemens company laboratories who
played critical roles in the development of nuclear technologies in wartime Germany.



1186 CHAPTER 8. CREATORS & CREATIONS IN NUCLEAR SCIENCE & ENGINEERING

Figure 8.42: Examples of scientists and engineers in Czech-based research groups and companies
who played critical roles in the development of nuclear technologies in wartime Germany.
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Figure 8.43: Other examples of scientists and engineers who played critical roles in the development
of nuclear technologies in wartime Germany.
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Figure 8.44: Examples of some of the evidence for the development of a fission implosion bomb
in wartime Germany. Above: Erich Schumann’s schematic design for a spherical implosion bomb
(Section D.2.3). Below: the beginning of a March 1945 Soviet intelligence report giving Joseph
Stalin details about successful German tests of a fission implosion bomb (Section D.2.7).
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Component Gadget/Fat Man Thuringian Device

Neutron ⇠ 7 g beryllium/polonium-210 Deuterium + lithium with high voltage
initiator “urchin” ⇠ 1.25 cm radius

1.25 cm radius and/or external 6 MeV betatron
Pit 6.2 kg Pu-239 For test: � 100 g U-235 inner layer

4.6 cm radius with ⇠ 5–10 kg natural or
low-enriched U outer layer

For deployment: ⇠ 5–10 kg U-235
⇠ 5 cm radius

Reflector/ 108 kg natural U ⇠ 100 kg natural U
tamper 11.1 cm radius ⇠ 11 cm radius
Neutron Boron-10 plastic ⇠ 6 kg cadmium
absorber 3.2 mm thick ⇠ 1 mm thick
Pusher 130 kg aluminum ⇠ 130 kg aluminum

23.5 cm radius ⇠ 23 cm radius
Explosive Composition B and baratol TNT, RDX, and liquid oxygen

2500 kg, segmented ⇠ 1400 kg, segmented
⇠ 70 cm radius ⇠ 63 cm radius

Explosive ⇠ 180 kg aluminum ⇠ 140 kg aluminum
case 72.5 cm radius ⇠ 64 cm radius

Ballistic Steel ⇠ 190 kg steel
case 4.5 mm thick ⇠4.5 mm thick

75 cm radius 65 cm radius

Overall radius 75 cm ⇠ 65 cm
Total mass 3000 kg (bomb only) ⇠ 2000 kg

4670 kg (with shell and fins)
Delivery Boeing B-29 A-4, A-9, or A-9/A-10
system heavy bomber ballistic missile

Explosive 20 kilotons For test: < 1 kiloton
yield For deployment: ⇠ 5–100 kilotons

Table 8.2: Comparison of the U.S. Gadget/Fat Man implosion design (from unclassified sources)
with extrapolated design parameters of the March 1945 Thuringian device (Section D.4.4).
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8.8 Nuclear Engineering in the Soviet Union

German-trained scientists and engineers, as well as German-produced designs, materials, and equip-
ment, made enormous contributions to the postwar Soviet nuclear program.8

The Soviet nuclear program employed at least 300 German-speaking scientists and engineers [Rainer
Karlsch, unpublished Soviet archival list of personnel files]. Including German-speaking scientists
and engineers in industries that directly supported the nuclear program (geology, chemistry, ma-
terials science, electronics, aerospace, etc.), the total number of German-speaking specialists who
contributed to the program was likely in the thousands. For examples of some German-speaking sci-
entists who aided the Soviet nuclear program, see Figs. 8.45–8.48. Some of the major contributions
included:

• Klaus Fuchs, a German physicist who worked in the U.S./U.K. nuclear program for many
years, gave the Soviet Union detailed plans of U.S. nuclear bombs and production systems
(which had been designed and developed with the critical contributions of a large number of
German-speaking and German-trained scientists, as discussed in Section 8.6).

• Erich Purucker (German, 1893–1957), Hans Kammler’s chief assistant in running the wartime
German nuclear program, was captured by Soviet troops in May 1945 along with a car full
of German nuclear weapons plans, and held in the Soviet Union for the rest of his life. See p.
2907 for more details.

• E. Baroni (German, ??-??), Henry Ortmann (German, 1908–1988), Nikolaus Riehl (German,
1901–1990), Herbert Schmitz (German, ??–??), Herbert Thieme (German, 1902–??), Günther
Wirths (German, 1911–2005), and many other German and Austrian scientists processed
uranium ore to uranium oxide, uranium metal, and uranium hexafluoride. Joseph Stalin
personally awarded Riehl the title “Hero of the Socialist Labor” and gave him a first class
Stalin Prize; he gave Thieme and Wirths second class Stalin Prizes.

• Heinz Barwich (German, 1911–1966), Fritz Bernhard (German, 1913–??), Gustav Hertz (Ger-
man, 1887–1975), Hans Gerhard Krüger (German, 1912–??), Justus Mühlenpfordt (German,
1911–2000), Reinhold Reichmann (German, ??–??), Werner Schütze (German, ??–??), Peter
Thiessen (German, 1899–1990), and many other German and Austrian scientists produced
gaseous di↵usion systems to enrich uranium-235. Joseph Stalin gave Thiessen a first class
Stalin Prize, and Barwich, Hertz, Reichmann, and Schütze second class Stalin Prizes.

8 Albrecht et al. 1992; von Ardenne 1990, 1997; Barkleit 2008; Barwich and Barwich 1970; Boch and Karlsch 2011;
Fengler 2014; Fengler and Sachse 2012; Goncharov 1996; Goncharov and Riabev 2001; Graham 1993; Heinemann-
Gruder 1992; Holloway 1994; Karlsch 2011; Karlsch and Laufer 2002; Karlsch and Zeman 2016; Kozyrev 2005; Kruglov
2002; Maddrell 2006; Mick 2000; Nagel 2016; Naimark 1995; Oleynikov 2000; Pondrom 2018; Riabev 1998, 2002a,
2002b, 2002c, 2002d; Riehl and Seitz 1993; Siddiqi 2009; Sokolov 1955; Wellerstein and Geist 2017; West 2004; Yudin;
Zeman and Karlsch 2008; News Chronicle 1945-10-15 p. 1; NYT 1945-10-15 p. 4, 1945-10-31 p. 6, 1946-01-29 p. 1,
1946-11-28 p. 16, 1946-12-06 p. 17, 1947-02-24 p. 1, 1948-05-26 p. 3, 1948-12-28 p. 10b; Spokane Daily Chronicle

1948-03-16 p. 6; Sydney Morning Herald 1946-04-20 p. 2; Times 1945-05-15, 1945-05-18.
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• Fritz Lange (German, 1899–1987), Max Steenbeck (German, 1904–1981), ?? Stüdel (German,
??–??), Gernot Zippe (Austrian, 1917–2008), and many other German and Austrian scientists
produced gas centrifuges to enrich uranium-235, apparently based on wartime German gas
centrifuge technology.

• Manfred von Ardenne (German, 1907–1997), Werner Schütze, Max Steenbeck, and many other
German and Austrian scientists produced electromagnetic separators to enrich uranium-235,
apparently based on wartime German electromagnetic separation technology.

• Hans-Joachim Born (German, 1909–1987), Alexander Catsch (German, 1913–1976), Nikolai
Timofée↵-Ressovsky (Russian but German educated, 1900–1981), Karl Günter Zimmer (Ger-
man, 1911–1988), and other German and Austrian scientists elucidated the biological e↵ects
of radiation, as well as methods to protect against it.

• Victor Karl Bayerl, Ludwig Bewilogua (German, 1906–1983), Werner Czulius (Austrian,
1914–2007), Paul Herold (German, ??–??), Walter Herrmann (German, 1910–1987), Paul
Heylandt (German, ??–??), Hans Gerhard Krüger, Hans-Jürgen von Oertzen (German, 1907–
??), Heinz Pose (German, 1905–1975), K. Renker (German, ??–??), Ernst Rexer (German,
1902–1983), Gustav Richter (German, 1911–1999), Karl-Heinz Riewe (German, 1907–??),
Adrian Rosen (German, ??–??), Herbert Schmitz, Max Volmer (German, 1885–1965), Carl
Friedrich Weiss (German, 1901–1981), Hans Westmeyer (German, 1910–??), and many other
German and Austrian scientists developed fission reactors for breeding plutonium-239 from
natural uranium-238.

• Manfred von Ardenne, Gustav Hertz, Carl Kober (German, 1913–??), Josef Schintlemeister
(Austrian, 1908–1971), Werner Schütze, and other German and Austrian scientists developed
methods of producing and using lithium and tritium in H-bombs, likely based on wartime
German and Austrian work. Von Ardenne was awarded two first class Stalin Prizes for his
multiple contributions in the Soviet Union, including the purification of lithium-6 for H-
bombs. (See p. 2665 as well as the rest of Section D.2.4.)

Even Pavel Oleynikov, a former group leader of the Chelyabinsk-70 nuclear weapons complex in
Russia, admitted that German scientists, technologies, ideas, and materials had had a profound
e↵ect on the development of nuclear weapons in the Soviet Union [Oleynikov 2000]:

It is hard to fully explore the German contributions to the Soviet atomic project without
performing a detailed examination of the whole Soviet atom bomb e↵ort. What is clear
from the available evidence is that German involvement had several very important
implications for the Soviet Union and the world:

• German resources jump-started the Soviet program and saved it up to five years
of time. If not for this time, the USSR could hardly have been as aggressive as it
was in seeking global dominance. Very likely, the USSR could not have wielded its
influence in Asia, and the whole course of regional history (e.g., the Korean War)
would have been di↵erent. [...]
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• Participation of German scientists in the development of new uranium enrichment
methods revolutionized the whole uranium fuel industry. The work of Max Steen-
beck and Gernot Zippe shaped the European and Japanese enrichment plants, and
was used by several later proliferators (e.g., Pakistan and Iraq) as well.

In sum, although the Soviets would have eventually developed nuclear weapons on
their own, they benefited considerably from German technology, expertise, and raw
materials. The German contributions undoubtedly accelerated the program by several
years and enhanced the Soviets’ stature on the world stage. An accurate and complete
history of the Soviet bomb program must acknowledge the importance of the Germans’
contributions.

At a minimum, the contributions of all of those German-trained scientists and all of the nuclear-
related materials taken from Germany appear to have accelerated Soviet development of fission and
fusion bombs by many years (see Figs. 8.49–8.50). Although some historians have studied this area,
much more detailed investigations are needed, especially if unrestricted access to former Soviet
archives becomes available.
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Figure 8.45: Examples of German-speaking scientists who played critical roles in the development
of nuclear weapons in the Soviet Union.
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Figure 8.46: More examples of German-speaking scientists who played critical roles in the develop-
ment of nuclear weapons in the Soviet Union.
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Figure 8.47: More examples of German-speaking scientists who played critical roles in the develop-
ment of nuclear weapons in the Soviet Union.



1196 CHAPTER 8. CREATORS & CREATIONS IN NUCLEAR SCIENCE & ENGINEERING

Figure 8.48: More examples of German-speaking scientists who played critical roles in the develop-
ment of nuclear weapons in the Soviet Union.
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Figure 8.49: Examples of early Soviet nuclear weapons: a replica of Joe-1 or RDS-1, the first Soviet
fission implosion bomb, and the explosion of Joe-1 on 29 August 1949.
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Figure 8.50: Examples of early Soviet nuclear weapons: a replica of Joe-4 or RDS-6, the first Soviet
hydrogen bomb, and the explosion of Joe-4 on 12 August 1953.


