Appendix C

Advanced Creations in Directed

Energy

In hoc templo, quod totum ex auro paratum
est, statuas trium deorum veneratur popu-
lus, ita ut potentissimus eorum Thor in medio
solium habeat triclinio. [...] ‘Thor’, inquiunt,
‘praesidet in aere, qui tonitrus et fulmina,
ventos ymbresque, serena et fruges gubernat.’
[...] Thor autem cum sceptro Iovem simulare
videtur.

In this temple, entirely decked out in gold, it
is said, the people worship the statues of three
gods, so that the mightiest of them, Thor, occu-
pies a throne in the middle of the chamber. [...]
‘Thor,’ they say, ‘rules the sky; he governs thun-
der and lightning, winds and storms, fine weather
and crops.’ [...] Thor with his scepter apparently
resembles Jupiter.

Adam of Bremen. Circa 1075. Gesta Hammaburgensis Ecclesiae Pontificum
[Deeds of the Bishops of Hamburg|. Book 4 (Descriptio insularum Aquilonis), Chapter 26.

This appendix presents evidence for early German research and development regarding various

types of directed energy technologies, such as:

C.1. Particle beams and X-rays.
C.2. Electromagnetic pulse weapons.
C.3. Lasers.

C.4. Focused sound waves.

C.5. Electromagnetic railguns.

Although this evidence is relatively brief and highly incomplete, hopefully it will stimulate much
more archival research in the future in order to elucidate the complete work of German-speaking
scientists in these areas, as well as the full impact that their work had on later scientists and

projects outside the German-speaking world.
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C.1 Particle Beams and X-Rays

[German-speaking scientists did an enormous amount of work on particle accelerators before and
during the war. Some of that work was simply aimed at developing the relevant technologies or
applying them to fundamental physics questions. A significant amount of the work was for nuclear
physics, apparently even including electronuclear breeding of weapons-grade fission fuel (see pp.
3954-4022, 4504-4510, and 5133-5134). Yet much of the work on particle accelerators seems to
have been intended to create directed energy weapons. Many different versions of such weapons
were under development during the war; they would have fired a beam of high-energy electrons
and/or ions, or in some cases they would have harnessed the energy from those charged particles to
produce an intense beam of X-rays, a burst of high-energy neutrons, or other forms of radiation. If
some of the reports available in archives are correct (and one could certainly debate whether they
are, unless or until more conclusive evidence is found), at least some of these weapons apparently
reached the stage of successful tests against laboratory animals or solid targets.

The known amount of literature on this topic is quite large, so this section can only present some
highlights. Even so, much more archival research should be conducted to unearth new information
on these programs, in order to determine exactly how far they progressed and how much they
influenced programs in other countries.

All accelerators use an electric field to accelerate charged particles. However, different types of
accelerators produce the electric field in different ways, accelerate particles either continuously or
by a series of impulses, and employ either circular or linear geometries:

e In a betatron, electrons follow a circular orbit in a magnetic field. Changing the magnetic
flux passing through the orbit induces an accelerating electric field around the orbit. The
increasing magnetic field keeps the orbital radius constant despite the increasing particle
energies. The iron pole pieces are shaped to provide a stronger magnetic field inside the orbit
than at the orbital radius.

e In a cyclotron, an accelerating electric field is applied each time the particles pass between
two D-shaped electrodes. Particles are allowed to spiral outward as their energy increases.

e In a synchrotron, an accelerating electric field is applied each time the particles cross an
electrode gap. Magnetic sections bend the particle trajectories into a closed orbit. Straight,
magnetic-field-free sections are useful for injecting or extracting particles. By allowing a large
orbital radius and adjusting the electric and magnetic fields as particles are accelerated,
energies of > 1 TeV can be obtained.

e In a linear accelerator, particles travel down the center of a long, straight tube. There is
a traveling or standing electromagnetic wave in the tube, and a series of irises in the tube
makes the wave ricochet back and forth off the walls instead of passing straight down the
tube. The ricocheting slows the wave’s longitudinal velocity to match the particle velocity and
also makes the wave have an electric field component in the longitudinal direction, suitable
for accelerating the particles.]
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Figure C.1: Betatron circular accelerator for electrons, and cyclotron circular accelerator for ions.
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Figure C.2: Synchrotron circular accelerator for very high-energy particles, and linear accelerator
that uses an electromagnetic wave to accelerate charged particles in a tube.
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Pedro Waloschek. 2012. Death-Rays as Life-Savers in the Third Reich. Draft English
translation of Todesstrahlen als Lebensretter pp. 98—100
[http://www-library.desy.de/preparch/books/death-rays.pdf].

Rolf Widertée was born on July 11, 1902 in Oslo where he also went to school. His father was a
well situated importer of wine, cognac and oils. His mother was of German origin. After getting his
A-levels (“Abitur”) in 1920 he started studying electrical engineering at the Technical University in
Karlsruhe. Already as a student he had quite original ideas, like i.e. a device which could accelerate
electrons to very high energies. Such electrons could be used to investigate the structure of atoms
(he admired Lord Rutherford’s discoveries). His accelerator should work on the principle of the well
known electric current transformer. The secondary windings of the transformer would be substituted
with an electron beam turning around in an evacuated tube [Wi23]. So he called his accelerator
“beam transformer” or “ray transformer” (“Strahlentransformator”).

But Wideroe’s beam-transformer did not work. Later on he understood why. Therefore he could not
use it for his doctoral thesis. So he built another particle accelerator, this time with positive result.
He applied an idea of the Swedish physicist Gustav Ising which consisted in using an available high
voltage several times to accelerate the same particles.

With 25,000 Volt available he was able to accelerate particles as if he would have 50,000 Volts!
This device was worldwide the first successfully running “linear accelerator” and is considered as
an important pioneer achievement in the field.

Wideroe’s report on his results was accepted as doctoral thesis and published in a well known
journal edited by Rogowski, the “Archiv fiir Elektrotechnik”. As an appendix he added his ideas
about a beam-transformer and described an important condition which the used magnet should
satisfy. This was later on known as the “Widerde 2 to 1” condition.

The American physicist Ernest Orlando Lawrence (1901-1958) saw Wider6e’s publication in the
Library of his Institute, could not understand much of the German texts, but very well the included
illustrations. This inspired him to an interesting idea. The principle of the linear accelerator could
be used several times on the same particles, if their orbit would be would up with the help of a
magnetic field. This was the starting idea for the famous “cyclotron”, which in the following years
became one of the most important instruments for nuclear physics research. For the development of
the cyclotron Lawrence was awarded in 1939 the Nobel Prize in physics. He always acknowledged
thankfully Widerde’s initial suggestion [La31]. A curiosity: The cyclotron-principle was at about
the same time also presented in their institutes by two German physicists, Eugen Flegler and Max
Steenbeck. To my knowledge Flegler never published his ideas and Steenbeck did so, but much too
late.
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[See also:

Giulia Pancheri. 2022. Bruno Touschek’s Extraordinary Journey: From Death Rays to Antimatter.
Berlin: Springer.

Aashild Sgrheim. 2020. Obsessed by a Dream: The Physicist Rolf Widerge—a Giant in the History
of Accelerators. Berlin: Springer.

Pedro Waloschek. 2004. Todesstrahlen als Lebensretter: Tatsachenberichte aus dem Dritten Reich.
2nd ed. Norderstedt: Books on Demand.

Pedro Waloschek. 2007. Rolf Widerde 1902—-1996: A Pioneer of Particle Accelerators and Radiation
Therapy. 2nd ed. Books on Demand.]
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Uber ein neues Prinzip zur Herstellung hoher Spannungen’.
Von
Rolf Widerde, Berlin

I. Einleitung.
IL Die Bewegungsglcichungen des Elektrons.
IIl. Kinetische Spannungstransformation mit Potentialfeldern.
1. Das Prinzip.
2. Theorie der resultierenden Spannungen.
3. Dic cxperimentelie Untersuchung.
4. Einzelheiten der Versuchsanordnung.
5. Aussichten des Verfahrens.
IV. Der Strahlentransformator.
L. Das Prinzip.
2. Die Grundglcichungen.
3. Experimentellc Untersuchungen.
V. Zusammenfassung.

I. Einleitung.
Schwierigkeiten in der Beherrschung hoher Spannungen.

Bekanntlich liegen alle Schwierigkeiten bei der Herstellung hoher Spannungen
in der Beherrschung der elektrostatischen Felder. Alle technischen Isoliermaterialien
haben cinc begrenzte Isolierfihigkeit, bei einer gewissen Feldstirke schlagen sie
durch und werden leitend. Die Hohe der erzeugten Spannung wird deswegen haupt-
sichlich durch die stark zunchmenden Dimensionen der Isolierung begrenzt.

Es besteht nun aber die Moglichkeit, diese Grenze der erzeugten Spannungen
wesentlich zu erhohen, indem man elektrostatische Felder weitgehend vermeidet
und diec Hochtransformierung mit Hilfe schnellbewegten Elcktronen und Ionen vor-
nimmt.

Potenticlle und kinetische Spannungen.

Wenn sich elektrische Ladungen durch ein elektrisches Feld bewcegen, speichern
sie einen Teil der Feldenergie als kinetische Energie auf. Fiir die kinetische Fnergie
gilt das allgemeine Gesetz, daB sie immer mit der potentiellen Energie verknipft
ist, im Entstehen und im Verschwinden.

Entsprechend dieser Tatsache crscheint cs deswegen auch zweckmibig, von
der Spannung eincr bewegten Ladung zu reden. Die Ladung erhilt dann (in Analogic
zu den Encrgiebegriffen) diese kinetische Spannung, wenn sie durch eine ent-
sprechende potentielle Spannung gefallen ist.

Zwei Wege der Spannungserzeugung.
Bei der Herstellung hoher potentieller Spannungen ist man hauptsichlich zwei
Wege gegangen.

! Disscrtation cingercicht am 29. 10. 1927 bei der Technischen Hochschuie Aachen.

Figure C.3: Rolf Widerée’s landmark 1928 paper on particle accelerators [Archiv fiir Elektrotechnik
(1928) 21:4:387-406].
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Figure C.4: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Oct. 23, 1951 R. WIDEROE 2,572,551
MAGNETIC INDUCTION ACCELERATOR :

Filed June 4, 1947 4 Sheets—Sheet 2

4 =5 ”

%"
33 -

o

p——%

33

-
ST e

Fig. 2 ”  Fig.o

ez

' =7 2%
. O !—47
A&

H"y.?' Eg S ﬂ(y. 9

p=’
= ﬁ\
Jrentor;
.ﬁZo\_J_/_\_
49— 438 57/ TR Wb
o

22
. - 23
Figa  Figu e Mo fm

Figure C.5: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Oct. 23, 1951 R. WIDEROE 2,572,551
MAGNETIC INDUCTION ACCELERATOR
Filed June 4, 1947 4 Sheets-Sheet 3
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Figure C.6: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Figure C.7: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Dec. 28, 1954 R. WIDEROE 2,698,384
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Figure C.8: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Dec. 28, 1954 R. WIDEROE 2,698,384
MAGNETIC INDUCTION ACCELERATOR
Filed Nov. 8, 1946 3 Sheets-Sheet 2
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Figure C.9: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Dec. 28, 1954 R. WIDEROE 2,698,384
MAGNETIC INDUCTION ACCELERATOR
Filed Nov. 8, 1946 3 Sheets-Sheet 3
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Figure C.10: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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June 6, 1950 R. WIDEROE 2,510,448
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Figure C.11: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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March 10, 1953 R. WIDEROE 2,631,234
MAGNETIC INDUCTION ACCELERATOR
Filed Dec. 22, 1947
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Figure C.12: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Figure C.13: Figures from one of Rolf Widerde’s wartime patents on particle accelerators.
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Pedro Waloschek. 2012. Death-Rays as Life-Savers in the Third Reich. Draft English
translation of Todesstrahlen als Lebensretter p. 175
[http://www-library.desy.de/preparch/books/death-rays.pdf].

Already in 1927/28 Steenbeck had developed the basic ideas for an accelerator which corresponded
exactly to the “Cyclotron” proposed in 1931 by Lawrence. And he also sketched the first ideas
for a later on called “Synchrocyclotron”. Encouraged by his colleagues at Siemens he wrote all
this down in a report which he wanted to publish in the journal “Naturwissenschaften”. Due to a
misunderstanding with his boss Riideneberg (who had asked him for a discussion of his ideas) the
paper was never published.

In 1934 Steenbeck had already seen the PhD-thesis published in 1928 by Widerde and included in
his patents the conclusions to which Widerde had arrived. Widerde had also tried to submit his
ideas as patents in 1929 but did not care about it in the following years, as he was working on a
completely different subject (relays).

Max Steenbeck. German Patent DE 698,867. Vorrichtung zur Erzeugung von Elek-
tronen hoher Energie durch das elektrische Wirbelfeld eines sich zeitlich aendernden
magnetischen Hauptfeldes. [Device for Generating High Energy Electrons by the Elec-
tric Vortex Field of a Time-Varying Main Magnetic Field.] Filed 1935.

[Building on Rolf Widerde'’s earliest ideas, Max Steenbeck (German, 1904-1981) invented the first
practical betatron (circular particle accelerator for electrons) in 1935. Please see his first betatron
patent, German Patent DE 698,867, on the following pages.

Steenbeck obtained similar patents in many other countries, including U.S. Patent 2,103,303, which
was issued in 1937. Using the detailed designs in Steenbeck’s patents, Donald Kerst copied Steen-
beck’s device and built the first U.S. circular accelerator for electrons in 1940. Kerst’s only original
contribution was to rename the device as the “betatron,” and the name stuck. (German-speaking
scientists seemed to prefer the name “rheotron” in the early years.) Kerst then became widely and
incorrectly known as the “inventor” of the betatron while Steenbeck remained virtually unknown.

Some of Steenbeck’s experimental results with betatrons were published as:

Max Steenbeck. 1943. Beschleunigung von Elektronen durch elektrische Wirbelfelder.
Die Naturwissenschaften 31: 234-235.

From official histories, it is unclear exactly what Steenbeck did during the war, but it seems likely
that he worked on the German nuclear weapons program. After the war he spent ten years helping
to develop and run major parts of the Soviet nuclear weapons program. He wrote about some of
his experiences in his autobiography:

Max Steenbeck. 1980. Impulse und Wirkungen. 3rd ed. Berlin: Verlag der Nation.
See also Helmbold 2016.]
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Figure C.14: Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.
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Siemens-Schuckertwerke Akt ~Ges. in Berlin-Siemensstadt *)

Vorrichtung zur Erzeugung von Elektronen hoher Energie durch das elektrische erbelfeld

eines sich zeitlich andernden magnetischen Hauptfeldes

Patentiert im Deutschen Reiche vom 7. Mirz 1935 ab

Patenterteilung bekanntgemacht am 17 Oktober 1940

Der Erfindung liegt die Aufgabe zugrunde,
mit moglichst einfachen technischen Mitteln,
vor allen Dingen ohne Anwendung hoher
Spannungen, Elektronenstrahlen hoher Ener-
gie, beispielsweise Strahlen mit einer Ge-
schwindigkeit von mehreren Millionen Volt
zu erzeugemn. -

Es ist vorgeschlagen worden, zu diesem
Zweck ein magnetisches Wechselfeld zu ver-
wenden, durch das ein elektrisches Wirbel-
feld erzeugt wird, welches dem Elektron die
notwendige Geschwindigkeit erteilt. Die
Anordnung ist dabei so getroffen, dafi die

Elektronenbahn' das magnetische Feld um--

schlieBt wie die Windungen der Sekundir-
wicklung eines Tiansformators den Trans-
formatorkern und damit den diesen Kern
durchsetzenden FluB. )

Bei einer bekannten Anordnung dieser Art
umschliefit ein ringférmiges hochevakuiertes
EntladungsgefiB den Kern eines dreischenk-
ligen Transformators, dessen mittlerer Kern
eine an technische Wechselspannung iiblicher
Spannung und Frequenz angeschlossene Er-
regerwicklung triagt. In dem Entladungs-
gefiB ist eine Glithkathode angeordnet, welche

die fiir die Strahlung notwendigen Elektro-®

nen aussendet. Aufler dem Wechselfeld wirkt
auf die Elektronen noch ein zusitzliches, von
Dauermagneten erzeugtes Magnetfeld, wel-
ches dazu dienen soll, "die um den Trans-
formatorkern kreisenden Elektronen in einer
bestimmten, durch das Entladungsgefils ge-
gebenen Ebene zu halten, d.h. zu verhindern,
daf die Elektronen an irgendeiner Ste[Ie auf
die GefiBfwandung auftreffen.

-Es ist auch schon vorgeschlagen worden,
zur Beschleunigung .und .Fiihrung der Elek-
tronen bei einer Anordnung zur Herstellung
von Rontgenstrahlen ein Magnetfeld zu ver-
wenden, welches von der Mitte nach dem
Rande hin abfillt. Dabei ist der Korper; der
durch das Auftreffen schnell fliegender Elek-
tronen zum Aussenden von Réntgenstrahlen
angeregt werden soll, in der Mitte des
Magnetfeldes angeordnet..

Diese bekantiten bzw. vorgesch[agenen An-
ordnungen sind zwar im Prinzip brauchbar;
doch geben sie entweder. eine verhdltnismafig
gemnge Ausbeute an schnellen Elektronen,
oder sie sind fiir den vorliegenden Zweck
der Erzeugung sehr rascher Elektronen nicht
besonders geeignet. Um praktisch wirklich
brauchbare Ergebnisse zu erzielen, mufl man

*) Fon dem Patentsucher ist als der Erfinder angegeben worden:
Dr. phil. Max Steenbeck in Berlin-Siemensstadt.
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2 . g 698 867

sich der Verbesserungen hedienen, welche den
Gegenstand der vorliegenden Erfindung
bilden.

ErfindungsgemiB ist bei einer Vorrichtun

i

zeitlich indernden magnetischen Hauptfeldes,

bewegung ein mit dem Hauptfeld gleich-
achsiges, von der Mitte nach auflen hin ab-
nehmendes, zeitlich verinderliches magneti-
sches Fiihrungsfeld dient, das Magnetfeld

raum angrenzenden rotationssymmetrischen
Polschuhe derart ausgebildet, dafi im Gebiet
der kreisformigen Bahn der Elektronen das
dem Hauptfeld gleichfrequente und gleich-
phasige Fithrungsfeld stets halb so grol ist
wie das Hauptfeld und daB die Intensitit des
Fithrungsfeldes nach aufien hin nicht stirker
als umgekehrt proportional dem Radius der
kreisférmigen Bahn des Elektrons abnimmt.
Durch diese Bemessung der Felder erzielt
man eine Reihe wichtiger Vorteile. Zunichst
handelt es sich um die Stabilisierung der
Elektronenbahn im Wirbelfeld. Will man
eine hohe Beschleunigung der Elektronen er-
zielen, dann muf man dafiir sorgen, daB ein
und dieselbe Kraftlinie des Wirbelfeldes in

selben Ladung durchlaufen werden kann.
Dies bedingt eine sichere Stabilisierung des
Elekirons auf der Kreisbzhn, d.h. es muf
ein elektrisches oder magnetisches Feld ge-
funden werden, welches das Elektron sicher
in seine Kreisbahn fithrt. Diese Bedingung
wird durch die die Erfindung bildende er-
fiillt, bei der die Stabilisierung auch noch
dann wirksam ist, wenn das kreisende Elek-
tron Storungen irgendwelcher Art erfdhrt,

gungen, z.B. einer schief gerichteten An-
fangsgeschwindigkeit, seinen Flug im Wirbel-
feld beginnt, sei es, daB es durch Zusammen-
stoBe mit Restgasmolekiilen aus seiner rich-
tigen Flugbahn abgelenkt wird. Aufierdem
gleicht aber das Feld auch noch seine eigenen
Fehler aus, z.B. sind geringe Abweichungen
von der Rotationssymmetrie der Anordnung,
die ja niemals in idealer Weise erfiillt sein
kann, bei der vorliegenden Anordnung ohne
schiadliche Wirkung.

Die Fithrung der Elektronen auf Kreis-
bahnen mit Hilfe eines magnetischen Fith-
rungsfeldes, die durch die Bemessung der
Felder nach der Erfindung in vorteilhafter
Weise gelingt, hat den prinzipiellen Vorteil,
daB man zur Fithrung eines Elektrons, bei-
spielsweise von 11 Millionen Volt Geschwin-
digkeit, nur ein Magnetfeld von etwa

a

48t ‘aus Fig. 1 ersichtlich. ‘DieAford

des Elektrons durch ein radiales elektrisches

Feld ein solches von mehreren Millionen Volt
neotwendig wire.

‘Der grundsitzliche Aufbau derAnordminig: gs.
idB im Prinzip etwa folgendermalBen  aup; «
sehen: )

Ein zentraler Eisenschenkel fiithrt den sich -
zeitlich indernden Magnetfiul @ und erzeugt 7o
um sich das elektrische Wirbelfeld. Das
Fiihrungsfeld by wird von zwei ringfGrmigen
Polschuhen erzeugt, die den zentralen Eisen-
schenkel und damit den zentralen MagnetfluB
leiten. Das Fithrungsfeld darf nicht, wie 75
vorgeschlagen ist, von einem Dauermagneten
erzeugt werden; denn wenn mit der Zeit die
kreisenden Elektronen rascher werden, wiirde
bei gleichbleibender Stirke des Filhrungs-
feldes der Bahnradius immer grofer werden. 8o
Um den Bahnradius konstant zu lassen, muB
das Fiihrungsfeld B also mit der Zeit anstei-
gen. Da die Elektronengeschwindigkeit nur
vom, zentralen Magnetflub abhingt und da
die Beziehung zwischen Elektronengeschwin- 85
digkeit und Fithrungsfeld fiir konstant blei-
benden Bahnradius R ebenfalls eindeutig ist,
muB die notwendige Fithrungsfeldstirke By
allein durch die GroBe des zentralen Flusses
gegeben sein. Man findet als Bedingung 9o
dafiir, daB der Bahnradius R unverdndert
bleibt:

g =2Raly=2R 2B im Vakuum. (1)

Der FluB @ muB also gerade doppelt so 95
groB sein, wie er es wire, wenn das Fiih-
rungsfeld §; homogen das ganz Innere der
Kreisbahn ausfiillt, damit der Radius R der
Elektronenbahnen unverindert bleibt (1:2-
Bedingung). Diese Bedingung gilt auch noch 1o0a
dann exakt, wenn man in das Gebiet relati-
vistischer Geschwindigkeiten kommt; sie gilt
auch dem Vorzeichen nach, d.h. zentraler
FluB und Fithrungsfeld miissen gleichgerich-
tet im Verhiltnis 1:2 ansteigen. Nimmt 105
man die Richtung des zentralen Flusses @
als positiv an, so gibt eine Vergroferung des
Flusses ein Wirbelfeld mit eindeutig fest-
liegendem Umlaufsinn, Das Fihrungsfeld
muB dann so gerichtet sein, daB in ihm die 110
Elektronen mit solchem Umlaufsinn kreisen,
dabB sie vom Wirbelfeld beschleunigt werden;
ein entgegengesetzt gerichtetes Fithrungsfeld
wiirde dagegen die Elekironen gegen das
Wirbelfeld kreisen lassen, so daf die Elek- 115
tronen gebremst wiirden. :

Die Erkenntnis, daB zentraler Fluf @ und
Fithrungsfeld b; gleichgerichtet und einander
proportional sein miissen, fihrt dazu, sie
beide durch die gleiche Wicklung zu erregen. 120
Dann ist das Fithrungsfeld); mit seinem
den magnetischen Widerstand im wesent-

Figure C.15: Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.
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lichen bestimmenden Luftspalt proportional
zum Momentanwert des Erregerstromes. Da-
mit nun der FluB @ proportional zum Fith-
rungsfeld wird, muf also auch der Fluf &
proportional zum IErregerstrom sein. Das
ist nun bei geschlossenen Eisenkernen wegen
der Nichtlinearitit der magnetischen Eisen-
charakteristik B =7 () auch schon im unge-
sattigten Gebiet nicht erfiillt. Um die Pro-
portionalitit zu schaffen, wird auch im
zentralen Eisenschenkel ein Luftspalt vorge-
sehen, dessen magnetischer Widerstand grof
ist gegen den des itbrigen Eisenweges und
damit die Proportionalitit zwischen Fluf und
Fithrungsfeld garantiert. In Fig.1 ist diese
Anordnung dargestellt. Hier erzeugen die
gleichen Amperewindungen i¥ den Flul @
im zentralen Schenkel und das Fihrungs-
feld fj; zwischen den Ringpolschuhen P. Da
der von der Elektronenkreishahn R um-
schlossene Fluf @ einem im Mittel doppelt
so groflen Feld entsprechen soll wie das
Fithrungsfeld i, muff der Luftspalt im zen-

. tralen Schenkel also entsprechend kleiner ge-
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macht werden als zwischen den Polen P des
Fihrungsfeldes. ’

Die Einhaltung der oben ausgesprochenen
Bedingungen geniigt aber noch nicht, um auch
gestorte Elektronen, die eine schrag gerichtete
Anfangsgeschwindigkeit besitzen oder aber
durch Restgasmolekiile aus ihrer Bahn abge-
lenkt wurden, auf den Sollkreis zu stabili-
sieren. Durch das homogene Magnetfeld By

- wird ja eine Geschwindigkeitskomponente,

die nach oben oder unten, also zur Flugebene
der Elektronen normal ist, nicht beeinfluBt,
da sie zu den magnetischen Kraftlinien par-
allel ist. Das Elektron kann also leicht an
die Wand des Entladungsgefilles fliegen, da
eine stabilisierende Wirkung nicht vorhanden

_ ist, d.h, wird das Fiihrungsfeld inhomogen

45

gemacht, so daB es mit steigendem Abstand
von der Mittelachse abnimmt, dann sind, wie
Fig. 2 zeigt, die Kraftlinien nach auflen ab-
gebogen, und es ergeben sich auch radiale
Komponenten §, des Magnetfeldes, welche
die Stabilisierung der Elektronén auch dann

- besorgen, wenn die Elektronen Geschwindig-
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Figure C.16: Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.

Lkeitskomponenten nach oben oder unten be-
sitzen. Die Riickfilhrung der gestdrten
Elektronen erfolgt dabei in der Weise, daB
die Elektronen unter dem EinfluB der
radialen Magnetfeldkomponenten  harmo-
nische Schwingungen ausfiihren.

Aufler den Fehlgeschwindigkeiten in
axialer Richtung treten auch solche in radialer
Richtung auf, d.h. ein Elektron kann bei-
spielsweise durch einen Zusammenstof mit
einem Restgasmolekiil eine Ablenkung erfah-
ren, so- daB es aus dem Sollkreis heraustritt,
dabei in der Mittelebene bleibt.

Um allen diesen Stérungen des Elektronen-
fluges wirksam, zu begegnen, wird in Aus-

fithrung der Erfindung das .Fithrungsfeld so

bemessen, daB die Stabilisierungsbedingung
. R ah ;
— % T * iR (2)

erfiillt ist mit einem Optimum hinsichtlich

allseitig gleich fester Bindung an die So]l—

bahn bei
: R df) I

T dR 2 = (3}

Das Fiihrungsfeld soll also stets Weniger

- stark als umgekehrt proportional zu diesem

Radius, vorzugsweise aber halb so stark ab-
nehmen.

Diese Bedingung muBl auBer der oben-
genannten I:2-Bedingung erfiillt sein. Es
hat sich gezéigt, daB bei einer Anordnung,
welche beide Bedingungen erfiillt, eine aus-

der Kreisbahn und damit- auch eine hohe
Beschleunigung der Elektronen und eine gute
Ausbeute an Elektronen erzielt wird.
Wesentlich fiir “die Ausfithrung der Er-
findung ist die Ausbildung der Polschuhe
derart, daB das zwischen ihnen erzeugte
Feld die vorstehend gekennzeichneten Stabi-
lisierungseigenschaften hdt. In TFig. 3 ist
eine Ausfithrungsform- dargestellt, die -auf
Grund folgender Uberlegungen ~entstanden
ist: LiBt man die beiden Hyperbeliste 1
und 2 um die Achsea rotieren, so ent-
stehen zwei Hyperboloide. Das zwischen
den beiden Hyperboloiden entstehende Feld
nimmt nach aufien stetig ab. In Achsennihe
ist es fast homogen, in groferem Abstand R
von der Achse, wo das IHyperboloid an-
nihernd die Asymptoten berithrt, nimmt es
fast mit 1/R ab. Der fiir die Feldinhomoge-
nitdt charakteristische  Ausdruck R[f) - db/dR
dndert sich dabei von o auf der Achse nach
-—1 im Unendlichen; abgesehen fiir, R=0

- erfiillt das Hyperbelfeld also iiberall die Be-

dingung Gleichung (2). Aber es erfiillt zu-
nichst noch nirgends die 1:2-Bedingung
Gleichung (1). Es existiert ndmlich im
reinen Hyperbelfe[d nirgends ein Kreis,
dessen Kreisfliche im Mittel gerade ein dop-
pelt so starkes Feld bedeckt wie das auf der
Kreislinie herrschende; stets ist das Innen-
feld zu schwach. Um also das Hyperboloid
als stabilisierende Polschuhform ausnutzen

" zu konnen, muf das Innenfeld verstarkt wer-

den, wje man es beispielsweise erreichen
kann, wenn man in Achsennihe den Pol-
schuhabstand kleiner macht, als es bei reinen
Hyperboloiden der Fall ist; in Fig.3 ist dies
durch besondere, aufgesetzte Innenpolschuh-
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sticke 4 und E erreicht. In diesem Fall
existiert immer ein Kreis, der die 1:2-Be-
dingung erfiillt und der dabei einen um so
kleineren Radius hat, je stirker die zentrale
FluBvergréBerung gemacht wird. Man wird
diese zweckmifiig so ausfiihren, daB der
Kreisradius gleich dem halben Brennpunkt-
abstand wird; denn hier erfiillt das Hy-
perbelfeld gerade die optimale Bedingung
RJ5 - d5[dR = —s

Nun stdren aber die Innenpolschuhe A4
und B durch ihr Streufeld das eigent-
liche Hyperbelfeld in unerwiinschter Weise
(s-Fig. 3), und man mub also den Elektronen-
bahnkreis so weit nach auflen legen bzw. die
Zusatzpolschuhe mit so kleinem Radius aus-
fiihren, daB die Elektronen von diesem
Streufeld nicht mehr wesentlich miterfafit
werden. Das bedeutet aber eine Begrenzung
des maximal méglichen Innenflusses @, den
man doch gerade grof machen mdchte, um
hohe Elektronenenergien zu erhalten. Es ist
also nétig, den Streuflul méglichst wenig
weit nach der Seite sich erstrecken zu lassen:
Das kann man erreichen, wenn man den
ZentralfluB nicht durch einen Luftspalt gehen
14Bt, sondern diesen unterteilt in eine grofie
Anzahl kleiner Luftspalte, die natiirlich mit
beliebigem unmagnetischem Material ats-
gefiillt sein konnen. Da sich nimlich der
StreufluB seitlich nur {iber Zonen von der
GréBe der Luftspaltdicke ausbreitet, ist jetzt
nur noch ein viel kleinerer Abstand des

kreisenden Elektrons von den zentralen Pol-.

schuhen erforderlich. Man kann den Streu-
fluB sogar praktisch ganz bescitigen, wenn
man einen Raum, wie er von den Kraftlinien
des ungestorten Hyperbelfeldes gebildet wird,
mit Eisenpulver, etwa nach Art der Masse~
kerne in ein Isoliermaterial eingebettet, aus-
fiillt, wobei man durch richtige Wahl des
Eisenfiillfaktors eine solche mittlere Perme-
abilitit erreichen kann, daB der entstehende
zentrale MagnetfluB der 1 :2-Bedingung ge-
niigt. Man kann dann also den Sollkreis R
der Elektronen sehr nahe um den zentralen
FluB legen und erreicht mit dem kleinen R
und dem groBen FluB eine sehr hohe Elek-
tronenendgeschwindigkeit. Nach auflen miis-
sen die Polschuhe so weit gefithrt sein, daB
man in der Umgebung des Sollkreises noch
sehr weitgehend mit dem reinen Hyperbel-
feld rechnen kann, Genau genommen werden
bei seitlich begrenzten Polschuhen natiirlich
die Feldlinien schon im ganzen Raum weiter
nach auBen gedringt, als es dem reinen Hy-
perbelfeld entspricht. Man kann das aber in
der Umgebung des Sollkreises R weitgehend
ausgleichen, wenn man auflen die Polschuhe
lings einer kleinen Strecke sich etwas weniger
stark voneinander entfernen liBt, als es

Hyperboloiden entspricht; dadurch schafit
man eine Zone mit relativ stirkerem Feld,
dessen Feldlinienquerdruck den Feldverlauf
in der Umgebung des Sollkreises wieder an-
nihernd in den Verlauf eines reinen Hyper-
belfeldes zuriickdringen kann. Ein geringer
Gesamtdurchmesser der Polschuhe verklei-
nert nicht nur die Abmessungen der Appa-
ratur, sondern auch den zum Aufbau des
Feldes noétigen Leistungsaufwand.

Fiir die wirksame Stabilisierung der Elek-
tronen ist es auch wesentlich, daf die Ge-
samtanordnung maoglichst rotationssymme-
trisch ist.. Daher wird der zentrale Eisen-
schenkel, welcher wegen der Wirbelstrome
aus lamellierten Eisenblechen' aufgebaut ist,
rotationssymmetrisch ~ ausgebildet. - Wiirde
man die Bleche gemifi Fig. 4 eben aufein-
ander schichten, so lieBe sich eine Feldunsym-
metrie nicht vermeiden. Die Bleche werden
daher - vorteilhafterweise gemiB Fig.5 in
einer Evolventenpackung verwendet. Ge-
gebenenfalls kann man den Eisenkern auch
gemif Fig. 6 aus einem Drahtbiindel auf-
baten. Auch ein aufgewickeltes Eisenblech
nach Fig.7 gibt ein annihernd rotations-
symmetrisches Feld.

Um die gewiinschte Rotationssymmetrie
des Wirbelfeldes zu erhalten, ist es auch von
Vorteil, den magnetischen RiickschluB nicht
durch ein Seitenjoch, sondern mindestens
durch zwei, womdglich aber durch noch mehr
Seitenjoche vorzunehmen, um den Riick-
schluf auch wirklich symmetrisch zu ver-
teilen. ) _

Zum Einbringen der Elektronen wird
zweckmiBig eine Glithkathode verwendet, die
in der Nihe des Sollkreises der Elektronen-
bahn, naturgemiB in einem Hochvakuum-
entladungsgefaf, angeordnet ist.

Die Glithkathode kann ein Drahtring sein,
der innerhalb oder etwas oberhalb des Soll-
kreises liegt und gegebenenfalls durch Wir-
belstrom beheizt wird. Giinstiger noch als
die Wirbelstromheizung des erwdhnten Draht-
ringes erweist sich die Verwendung einer
fremdgeheizten Kathode, bei welcher man
die Wirkungen des FHeizstromes und des
Heizspannungsabfalles, véllig unterbinden
kann, wenn man als Feizstrom einen mit
dem Erregerstrom des Magnetfeldes gleich-
frequenten und gleichphasigen
strom verwendet; dann gehen nimlich Heiz-
spannung und -strom mit dem Magnetfeld
zusammen durch Null, storen also gerade in
den Zeiten nicht, wo die Glithkathodenemis-
sion gebraucht wird. Die KurzschluBstrom-
heizung dagegen arbeitet wohl mit einem
gleichfrequenten, aber nicht gleichphasigen
Strom (wegen der Ohmschen Stromkompo-
nente im Heizdraht).
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Figure C.17: Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.
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Eine andere Moglichkeit fiir- das Einbrin-
‘gen der Elektronen besteht darin, daf} ein
auBerhalb der Polschuhe vorbeschleunigter
Elektronensirahl in das Wirbelfeld hinein-
geschossen wird, Zweckmifig ist dabei
das Hineinschiefien langsamer Elektronen in
zeitlicher Nihe des Magnetfeldnulldurch-
ganges, weil dann die Umlaufspannung des
Wirbelfeldes relativ zur Elektronenenergie
am grofiten ist, also schon nach verhiltnis-
méifBig wenigen Umldufen ihre eventuelle
stabilisierende Wirkung zur Geltung bringen

konnte,
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Figure C.18: Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.

Wenn die - Elektronengeschwindigkeit bis
nahe an ihren Hochstwert gesteigert ist, muB
durch irgendeine Stdrung der stabilisieren-
den Eigenschaften des Fithrungsfeldes dafiir
gesorgt werden, dafi die Elektronen den Soll-

" kreis verlassen und aus dem Magnetfeld her-

ausfliegen. An sich sind eine grofle Anzahl
solcher Stoérungen denkbar. Man konnte z. B.
ein zusitzliches Storfeld méglichst rasch auf-
bauen, etwa ein -elektrisches Feld zwischen
einer besonderen Elektrode und der Um-
gebung durch Auflaufenlassen einer zeitlich
richtig gesteuerten Wanderwelle oder ein
magnetisches Storfeld durch richtig gesteu-
ertes Einschalten einer besonderen Spule.
Wesentlich einfacher ist es aber, von einer
Storung durch Eisensittigung Gebrauch zu
machen, weil diese automatisch ohne beson-
dere Synchronisierung jedesmal bei hohen
Megnetfeldern eintritt, also gerade dann,
wenn die Elektronen zu Ende beschleunigt
wurden. ‘

Wenn man bei der Anordnung nach Fig. 3
durch Eisensattigung irgendwie dafiir sorgt,
daB das-Fiihrungsfeld by nur bis zu einem
gewissen Hochstwert ansteigen kann, aber
den zentralen Flufi @ noch weiter wachsen

%ind damit also auch das elektrische Wirbel-

feld weiter bestehen 14Bt, so werden die im
Fithrungsfeld kreisenden Elektronen weiter
beschleunigt, ohne dafl- das Fiithrungsfeld
zunimmt, Deshalb weitet sich der Elektronen-
bahnkreis. Das kann so weit getrieben wer-
den, daB der Kreis sich bis zu der labilen
Stelle ausdehnt, von der ab das Magnetfeld
mit /4R« Rfh < —1 oder noch stirker ab-
nimmt und daher der Elektronenkreis platzt.

Eine solche Sittigung des Fithrungsfeldes
ist mit einer Polschuhanordnung nach Fig. 10

ausfithrbar. Wihrend im zentralen Teil der.

FluB @ durch zylindrische Polschuhe hin-
durchgeht, abgesehen von den Luftspalten
bzw. dem Massekern L, sind die Ringpol-
schuhe P, die das Fithrungsfeldly; ergeben,
mit einer Einschniirung 4 versehen. Durch
diese Einschniirung hindurch tritt der ganze
FluB firr das Fithrungsfeld (einschlieflich
Streufeld), und durch passende Dimensionie-

rung der Einschniirung 4 hat man es in der
Hand, von einem beliebigen  Wert des Fith-
rungsfeldes an in" der Einschniirung die
FluBdichte so grofl zu machen, dafl sich hier
das Eisen sittigt und damit als zusatzlicher

65

magnetischer Widerstand eine weitere Stei- -

gerung- des Fithrungsfeldes verlangsamt oder
unterbindet. ¢
wieder erweiterte Teil der Ringpolschuhe
wird dabei nur mit so kleinen Flufidichten
belastet, daB hier die hohe Permeabilitit des
Eisens erhalten bleibt. Die Oberflichen der
Polschuhe, die die Form des Fithrungsfeldes
bestimmen, bleiben magnetische Aquipoten-
tialflaichen wie bei kleineren Fithrungsfeld-
starken und bewirken, daB das Fithrungsfeld
auch noch nach eingetretener Eisensittigung
abgestreute Elektronen auf die Kreisbahn-zu-
riicklenkt. Nur die Kreisbahn selbst wichst
mit den schon geschilderten Folgen.

Dje Feldwicklungen F, die fiir Zentral-
fluB @ und Fihrungsfeld f; gemeinsam sein
sollen, werden zweckmiBig an sinusformige
Spannurig gelegt und nicht mit sinusitrmi-
gem Strom gespeist, auch elektrotechnisch ist

Der hinter der Einschniirung
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dies leichter durchfithrbar. Da nimlich nach

eingetretener Sittigung des- Filhrungsieldes
der FluB des Fithrungsfeldes nicht mehr
weiter anwichst, wegen der aufgedriickten
Sinusspannung der GesamtfluB aber sinus-
férmig weiter steigen mul, steigt jetzt der
zentrale FluB stirker an als vor Sittigung
des Fiithrungsfeldes, Das bedeutet aber, dafl
eine eintretende Sattigung des Fiihrungs-

go

95

feldes in zweifacher Weise den Elektronen- -

kreis ausweitet. Nicht nur der gehemmte
Anstieg des Fiihrungsfeldes, sondern auch die
durch den vergroBerten Zentralfluf erhdhte
elektrische Wirbelfeldstirke wirken in dieser
Richtung. Diese doppelte Ausnutzung der
Eisensittigung 1d8t auch bei nicht besonders
hochwertigem Eisen einen ziemlich- plotz-
lichen Beginn der Elektronenkreiserweiterung
erreichen, die deswegen erwiinscht ist, weil
die erreichte Endenergie um so hoher ist, je
langer die Elektronen auf kleinem Radius
fliegen. In dem Raum W zwischen dem
zentralen Polschuh fiir @ und der Einschnii-
rung A im Ringpolschuh 1aB8t sich noch eine
besondere Feldwicklung unterbringen, die,
da ihre Amperewindungen nur den Zentral-
fluB wmfassen, zur Korrektur bei geringen
Dimensionierungsfehlern fiir die Stabilisie-
rungsbedingungen verwendet werden kann.
Es sei noch erwihnt, dafl die Polschuhe
des zentralen Magnetfeldes und die ring-
férmigen Polschuhe fiir das Fithrungsfeld
auch je flir sich getrennt bis an das Joch der
Magnetanordnung herangefiithrtwerdenkénnen.
Das fiir die Erzeugung von 10- bis 20-Mil-
lionen-Volt-Elektronen ndtige Magnetfeld
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speichert im voll aufgebauten Zustand
eine Energie von etwa 1 Kilowattsekunde.
Wiirde man es mit 5o Per./Sek. erregen, so
brauchte man einen Blindleistungsaufwand
von 50 bis 100 kVA (mit einem cos ¢ = 0,1),
bei Betrieb mit 500 Perioden etwa 500 bis
1000 kVA. Mindestens im zweiten Fall wird
man also, um einen grofen Generator zu ver-
meiden, die induktive Blindlast durch einen
der Magnetwicklung parallel liegenden Kon-
densator kompensieren; man wird also einen
auf die ~Betriebsfrequenz  abgestimmten
Schwingungskreis schaffen.

Obgleich die Erfindung fiir die verschie-
densten Zwecke, bei denen Elektronen hoher
Geschwindigkeit benotigt werden, angewendet
werden kann, ist sie von besonderer Bedeu-
tung fiir die Heilbehandlung.

PATENTANSPRUCHE:

1. Vorrichtung zur Erzeugung von
Elektronen hoher Energie durch das elek-
trische Wirbelfeld eines sich = zeitlich
andernden magnetischen Hauptfeldes, bei
der zur Stabilisierung der Elektronen-
bewegung ein mit dem Hauptfeld gleich-
achsiges, von der Mitte nach auflen hin
abnehmendes, zeitlich verinderliches ma-
gnetisches Fithrungsfeld dient, dadurch
gekennzeichnet, daB das Magnetfeld. der-
art bemessen ist bzw. die an den Feld-
raum angrenzenden rotationssymmetri-
schen Polschuhe derart ausgebildet sind,
daB im Gebiet der kreisférmigen Bahn
der Elektronen das dem Hauptfeld gleich-
frequente und gleichphasige Fithrungsfeld
stets halb so groB ist wie das Hauptfeld
und daf die abnehmende Intensitit des
Fithrungsfeldes nach auBen hin nicht
stirker als umgekehrt proportional dem
Radius der kreisformigen Bahn des Elek-
trons abnimmt,

698 867

2. Vorrichtung nach Anspruch 1, da-
durch gekennzeichnet,- dafl die Intensitit
des Fiihrungsfeldes nach auflen hin etwa
halb so stark abnimmt, wie der Radius

- der Elektronenbahn zunimmt.

3. Vorrichtung nach Anspruch 1, da-

" durch gekennzeichnet, daB die Polschuhe

im Bereich des Fithrungsfeldes als Hyper-
boloide ausgebildet sind.

4. Vorrichtung nach Anspruch 1 und 2,
dadurch gekennzeichnet, daf# der Feld-
raum im Bereich des magnetischen Haupt-
feldes, also innerhalb des Kreises der
Elektronenbahn, aus mehreren hinterein-
andergeschalteten, durch magnetisch lei-
tendes Material voneinander getrennten
Luftspalten gebildet wird.

5. Vorrichtung nach Anspruch 4, da-
durch gekennzeichnet, daf der Feldraum
im Bereich des Hauptfeldes mit etwa
nach Art der Massekerne in ein Isolier-
material eingebettetem Eisenpulver ausge-
fitllt ist.

6. Vorrichtung nach Anspruch 1, da-
durch gekennzeichnet, daB der Magnet-
pfad fiir das Fiihrungsfeld derart be-
messen ist, daB bei Uberschreitung eines
bestimmten FluBwertes Sittigung ein-
tritt.

7. Vorrichtung nach Anspruch 6, da-
durch gekennzeichnet, daf von den
rotationssymmetrischen Polschuhen die
in dér Feldachse liegenden Polschuhe eine
derartige Form, beispiclsweise Zylinder-
form, erhalten, daB in ihnen iber den

“ganzen Anderungsbereich des magneti-

schen TFlusses keine Sittigung eintritt,
wihrend die auferhalb der Feldachse lie-
genden, zweckmiBig ringformig ausge-
bildeten Polschuhe eine solche Einschnii-
rung erhalten, daB bei einem bestimmtent
FluBwert Sittigung eintritt.
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Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.
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Zu der Patentschrift 698 867
KL21g Gr.36

Frg 4

Figure C.21: Max Steenbeck’s first patent on betatrons (DE 698,867), filed in 1935.
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Date of Report: ©Nov. 16, 1944

Source: Flute

ovaluation: B=2

—~ X
[Te] Subjset @ AZUSaA

3

F1 Distrivution: Washington for 109 and loé

EL Paris for 1od and Hajor furmen.

< Déllenbach's Supersyclotron.

o

;{ “enlosed is description and design of Diéllenbach's
—

:: supercyclotron, announced in our report B-577.

5]

- py
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Figure C.22: OSS Bern intelligence from “Flute” (Paul Scherrer). 16 November 1944 [NARA RG
77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst. & other Facilities
(1943-Apr. 1945)]
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THE SUPER=-CYCLOTEON IN BISINGEN.

The Super=-eyclotron has been invented and designed by a man
called Daellenbach, a Swises citizen who has been living in
Germany for many years and is a c¢onvinced nazl.

Daellenbach is & very able engineer; he developed the Pintech
rectifier when he was chief of the electrical laboratories of
Julius Pintech mnd Co. in Fuerstenwalde; then did a lot of
work on resonator (Schwingtopf) theory in conneetion with
ultra-short wave generators of the Xlystron (Clystron?) type.
It is in ecomnection with this work on resonators that he got
the idea of the superecyclotron.

Daellenbach was already working in Bieingen (TForschungsstelle
E) for the German government. He submitted his pleans for the
supercyclotron to the Kaiser Wilhelm Gesellschaft, which is

g foundstion for the encouragement of science, whieh finances
the Kaiser Wilhelm Institues for the different sciences. When

a new research project is submitted to the Kaiser Wilhelm
Gesellschaft, the sponsor of the project must hold a "Collo-
quium" (a controversial report) in front of a public consisting
of scientists of the K.W. institues and of members of the Ge-
sellechaft, mainly big industrielists who put up the money.

Daellenbach had his Colloquium at a sitting of the K.¥. Ge-
sellschaft last July (1944); many of the scientists were against
the project, mainly because of the very untried aslements; but
Daellenbach had the complete design ready and delailed, and

was extremely well prepared to meet all objections made by his
contradictors; the meeting was very favourably impressed by

the thoroughness of his preparation (and probebly by his past
record) and decided to grant a credit up to 100 million marks
for the immediate construction of a super-cyclotren for 100

to 200 million volt. Ordinarily this would take about four
years but the construction is bel ng rushed as a war measure

and it is likely that the supercyclotron will be ready in about
a year from the gtart of manufaclure, that is, in the summer

of 1945. It must be noted that the design was quite ready at
the time of the K.W. Gesellschaft sitting last July, so that
manufacture could be started at once. A committes consisting
of Taue, Heisenberg and Molidre meets Daellenbach every week

to examine progress; the project enjoys full priority. It seems
likely that most of the X.V. Institutes whmich were formerly
in Berlin have now moved to Bisgingen.

f
X,

Figure C.23: OSS Bern intelligence from “Flute” (Paul Scherrer). 16 November 1944 [NARA RG
77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst. & other Facilities
(1943-Apr. 1945)]
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A wery schematic deseription of the prineciple on which the
supercycletron works has been obtained by Flute from one

of the L.W, Gesellschaft members (a Cerman industrialist)
who was present at the Colloguium. Although Daellenbach often
comes %o Switzerland (he has a visa granting him unlimited
Journeys from Cermany; which shows that the Cermans hold him
in high esteem) and even sees Flute, he does not give any
details about the supercyclotron; he only says he is engaged
in work of supreme importance for Ceruany, ultra secret;
alsc he is very proud of the faect that he meets Laue, Hei-
senverg and lolidre every week {apparently on ‘“edmneaday
afternoon).

The schematic principle of the supercyclotron is as follows:

The main vacuum chamber (1, in fig. I) is a cylindrieal ro-
tation dody, having an H section, the axis of the eylinder
being z, z. This vacuum chamber, which is of enourmous size
(ebout 5 metres outside diametre and 5 metres height) consti~
tules 2 colossal resonator; the walis are of very ‘thick copper,
water cooled from the outside, When the resonator is excited
by means of an aerial insidem it, working at an appropriate
resonance frequency, the whole resonator begins to oscillate,
and a very high electric field takes place hetween the two
opposite faces (2, 3) which forwm the bar of the H in the sec—
tional figure; this alternating field gives between 1 million
and 3 million volts between the said faces. Inside the waguum
chamber, & very hig vacuun must be obiained (at least 104%F mm
Hg, and even less) and this present one of the main difficul=-
ties in view of the size of the chamber.,

Just above frce 2 and just helow face 3 of the vacuum chamber
there is o very strong magnetic field, the direction of the
lines of force Leing perpendicular %o the plane of fig. I;
the part indicated with 4 and 5 in fig., I lies in the interpolar
space of the twin mmgnet, the actual poles veing therefore in
froat and behind of the plane of fig. 1. If we call y the direc=-
tion of the horizontal co-ordinate in the plane of fig. I,
the magnetie lines of force are parallel to the x direction
and the field is concentrated in 4 and 5, just ahove face 2 and
below fage 3. In the plane of fig., I (plane y, z) a series of
holes or canals are excavated in ithe mmterial which constitu=
tes the faces 2 and 3 of the vacuum chamber, end in the inter—
polar pieces 4 and 5; these canals comunicate with the vacuum
chamber and inside them reigns the same high vacummj they are
concentric and the centre of each of the two sets of semieir-
cular canals lies in 6 for the upper set and 7 for the lower

set, We shall indicate these canals with a, &'; by, D'} «ceess
P m“'ﬂ""

'

o,
N A

Ol Fewme e

Figure C.24: OSS Bern intelligence from “Flute” (Paul Scherrer). 16 November 1944 [NARA RG
77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst. & other Facilities

(1943-Apr. 1945)]
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m, m'y n, n', for the upper set (with centre in point 6);

and with the corresponding capital letters for the lower set,
with centre in point 7. Right opposi te point a, but in the lower
face, abuts in point 8 the canal leading from the source of
ions into the vacoum chamber.

DECLASSIFIED
MM

Authority A

If we imagine that a positive particle enters the vacuum cham-
ber in 8 at the moment when face 3 is positive and faee 2 im
negative, ¥it will be attracted towards face 2 by the elec—~

tric field {1 to 3 million velt) and will enter canal a, a'

in a3 the magnetic field will ensure thal the particle follows
exactly & peth correspond azg the azxis or canal a, a'. By the
time the prticle reaches again the msin chamber in al!, the
electric field will be inverted, yupper face 2 will be positive.
lover face 3 anegative, so the particle will be further accele-
rated with 1 to 3 million volt on to face 3, and will enter
caual A, A' in A3 it will come out in A', be further accele-
rated across to 2, enter b, b'y, and so on, tke entrance of one
set of canalg being exactly opposite the exit 6& the preceding
one (A opposite a', b opposite A', B opposite-b' and so on).
The particle fohklows therefere a path (indicated in red, dotted
line in photograph, in fig. I) which might be ealled & "race-
track spiral”; in that the two halves, upper and lower, of a
spiral, are connected with parallel siraights, just as & race
track consigte of two semicirecles connected by two straights.

(1943—Apr. 1945)

1€8

There are about 100 canals, s0 that the total accelerative
potential should correspond to 100 to 2C0 million volts. At
the end, the last canal is n, n'; oppoesite n' is a further
canal with entrance in N, which leads the particle on to the
objeet to be bombarded,

Owing to the fact that, for velocities corresponding to a
potential of more than 20 million volts, the apparent mess—
increape of the particle due to velbeity begins to make itself
felt, the magnetic field must be adjusted go as to give the
right curvature to the path; this correction requires that the
magnetic field should be progressivliey stronger in the outer
canals: this is obtained by making the pole~picces in stepped
form, the disiance between the pole pieces veing smaller in
correspondence with the outer canals (1, 1';.m, m'; n, n') and
greater for the inner canals (a, a'j b, b', etc).

Research--Res. Inst. & other Facilit

The ghape of the pele pieces is shown in fig. II, which is =
partial section of fig. I along the lire Y, ¥, at & helght
corresponding to the height of the centre of the upper set of
ecanals, (centre 6); X, X represents the axis of the upper mage
net and the direetion of the lines of force; the oanals of the
upper set appear as small circels (a, &'j sesss n, n') the pele

GERMANY:

NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1
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Figure C.25: OSS Bern intelligence from “Flute” (Paul Scherrer). 16 November 1944 [NARA RG
77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst. & other Facilities
(1943-Apr. 1945)]
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pieces, 9 anﬂ.4ﬁ} are stepped and get nearer the farther one
%eta from axis X, X; the pole pieces are, of course, semi-circu-
ar.

DECLASSIFIED
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The actusl constructional details of the supercyclotron are

not knownj for instance, the exaet shape of the magnets, the
location of the ions source, etc. Apparently, in order to avoid
vacuun discharges across the vacuum chamber, Zircon electirodes
zre to be used.

© is already stated, at the July sitting of the K.W. Gesellschaft,
g Daellenbach was in a position te counter successfully all ob-
ED jeections of the menmbers; a scientifie committee, composed of

o Bothe, Heipenberg and CGentner, had particularly studied the

g, rtroject, and these three ralsed a lo? of objections, but

45 Dael.enbach had ain answer to everything.

1

65 Aecording Lo ‘lute, taking into account Daellenbach's experience,
;{ the formidable means at his disposal gnd the advice of his

v geientific committee, it is probable that the supercyelotron
:;' will work successfully.

2]

o pu(

Flute,
Via Martinuzzi and 493.

November 16, 1944.

Research--Res. Inst. & other Facilit

GERMANY

NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1

ek

Figure C.26: OSS Bern intelligence from “Flute” (Paul Scherrer). 16 November 1944 [NARA RG
77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst. & other Facilities
(1943-Apr. 1945)]
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AVE

P. O. Box 2610
WASHINGTON, D. C.

REFER TO FILE No.

15 January 1945

Sub ject: Report on German Super-Cyclotron.

To: Major Peer de Silva, P. 0. Box 1539, Santa Fe, New Mexico.

il Attached herewith is the copy of a report dated 16 November
194l on a Cerman super-cyclotron supposed to have been devised by
Ddllenbach. The undertaking as described sounds like a large and
complicated one involving essential materials and technical personnel.
If such a cyclotron were constructed and found to be operable, its
main use would probably be as a research tool. It is not clear how
this could have any direct or immediate consequence for the German
war effort. However, the repart claims that the construction is being
rushed as a war measure.

2. In order to obtain an opinion as to whether a cyclotron of
this kind would be feasible from a technical standpoint, it is sug-
gested that you refer the report to Dr. Luis W. Alvarez. It may also
be of interest to Dr. J. R. Oppenheimer and to Dr. Philip Morrison.

3. Could you return this memorandum with any comments you think
pertinent?

FRANCIS J. 3
Major, Corps of Engineers.

Incl.:

Report B - 11/16/LL

Figure C.27: Francis J. Smith to Peer de Silva. 15 January 1945. Subject: Report on German Super-
Cyclotron [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst.

& other Facilities (1943—Apr. 1945)]
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DECLASSIFIED

Authority AAD GV H01LT

-2~ SECRET

DALLENBACH, Hans Walter

A

Born on May 29, 1892, at Burgdorf, Bern, Switzerland.
Studied from 1911 to 1916 at the Technical College in Zurich where
he received his Doctor of Engineering degree in 1918. In 1916, was
an assistani at the Technical College in Zurich and, until 1934, was
a lecturer in physics there. Residence in 1934 was in Berlin.

Author of a number of articles on electricity in German
journals since 1919. The following are those published since 1932,
Some of these indicate work on micro-wave radio. It would seem
natural for DHllenbach to have been involved in German research on

radar.

"Transformation Elements with Lowest Ballast on the Oscillating
Field Energy." Hochfrequenztechnik 'und Electroakustik, Vol. 61, pp 53-56 (Feb.
1943).

"Reciprocity Theorem of the Electromagnetic Field." Archiv fur
Electrotechnik, Vol. 36, pp 153-165 (March 31, 1942).

"Reflexion and Absorption of Decimetre Waves at Plane Dielectric

Layers." Hochfrequenztechnik und Electroakustik, Vol. 51, pp. 152-156
(May 1938). With W. Kleinsteuber.

"The Resotank, a New Generator for Microwaves." Hochfrequenz—
technik und Electroakustik, Vol. 51, pp. 96-99 (March 1938). With
A. Allerding and V. Kleinsteuber.

"High-Power Rectifier without Vacuum Pump." Electrotechnische
Zeitschrift, Vol. 57, pp. 937-940 (Aug. 13, 1936). With E. Gerecke.

"High-Power Rectifier Without Vacuum Pump." Elektrotechnische
Zeitschrift, Vol. 55, pp. 85-89 (Jan. 25, 1934).

"New Vacuum Meter for Mercury-Arc Rectifiers." Elektrotechnlsche
Zeitschrift, Vol. 55, pp. 440-441 (May 3, 1934).

"Voltage-Current Characteristic of Grid-Controlled Rectifier."
Elektrotechnische Zeitschrift, Vol. 53, pp. 1059-1060 (Nov. 3, 1932).

Figure C.28: Francis J. Smith to Peer de Silva. 15 January 1945. Subject: Report on German Super-
Cyclotron [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst.

& other Facilities (1943—Apr. 1945)]
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first two accelerations and found it was enormouss
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SECRET This Document Contains _<&
No. 't Pages. Copy_[_ of 3
INTER-OFFICE MEMDRUaBlégI g >

pate 26 January 1945
lajor Peer de Silva

L. W Alvarez ]

Cerman Super-Cyclctron

I have just finished reading the very interesting report on the
super—cyclotron designed by Mr. Dallenbach. My reaction to it is that
the Cermans are certainly wasting a lot of time and money on a completely
inoperable device,which is quite cheering. I have two reasons for
believing that the device will not work and a third which would tend to
make the machine useless even if the first two reasons did not exist.
The real trouble with the machine is that the magnetic field is so
arranged as to defocus any positive ions during their acceleration period.
It is 2 well=known fact, both theoretical and experimental, that if a
cyclotron is to work, the magnetic lines of force must bulge away from
the center or curvature of the ion paths. In fact, this criterion sets
an upper limit to the energy which can be obtained in a cyclotron for any
particular acceleration voltage between the electrodes. It can easily
be seen, and Dallenbach makes this point, that in order to correct for the
increase in mass of the positive ions as they acquire high velocities, it
is necessary to increase the magnetic field at the outer edges of the
cyclotron., lLowever, when one cdoes this, the fundamental laws of electricity
and magnetism require that the magnetic lines bulge toward the center of
curvature of the ion paths; and as I said before, this tends to push the
ions toward the pole pieces of the magnet where they are lost. In all
successful cycletrons it is absolutely necessary that the magnetic field
decrease at the edge of the pole pieces to give focussing. This is in
the opposite direction to keep the ions in step with the oscillating
electric field, so that after a while the ions would get completely out
of phase with the electric field and be decelerated. This is the nature
cf the limit to cyclotron energiess The practical way out of this diffi-
culty is to increase the accelerating voltage on the electrodes so that
the total acceleration is done in a relatively few spirals in the magnetic
field, If the acceleration is done in a few steps, thé loss in phase per
revolution camnot add up to a sufficient amount to get the ions into the
decelerating condition. If the cyclotron is to be designed as shown in the
diagrams, this fact in itself would assure that the device would not operate
as advertiseds I feel sure that Bothe and Gentner are aware of this diffi-
culty and voiced it at the meeting referred to in the memorandum. Perhaps
¥r. Dallenbach's answer to this objection was that he would let the magnetic
field fall off towards the edges as is contemplated in the 184" cyclotron
at Berkeley. :

The second bad feature of the design is that there is no magnetic
field across the accelerating gap in the proposed devices This has the
same disadvantage mentioned before womethat the magnetic lines of fgm
will bulge towards the center of curvature of the ions, and an ‘
strong defocussing action will take place on the first’ two :
On this point I have some personal experience in that I «
design of electronic accelerator with samewhat similar g
istics, and lMr. R. Oppenheimer calculated the defocussi

Figure C.29: Luis W. Alvarez to Peer de Silva. 26 January 1945. SUBJECT: German Super-
Cyclotron [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research-Res.
Inst. & other Facilities (1943—Apr. 1945)]
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iaj. Peer de Silva -2~ 26 January 1945

would render the device completely inoperative. The third point is that
the ions are to be accelerated in semicircular tubes. This feature of
the design appears to be quite stupid since the tubes can be of no use,
and if eliminated, would get around the limitation which I am about to
describes In a cyclotron,ions are accelerated during an appreciable
range of phase angle of the electric field; and therefore, lons passing
across the accelerating gap receive different energies depending upon
the time they cross the gape Therefore, instead of all following the
same paths through the magnetic field, as one indicates in simple dis=—
cussicns of the cyclotron, they are smeared out and occupy all radial
positionse If cne were to limit their paths to fixed values as Dallen—
bach does with his tubes, the intensity of theemergent beam would be
vanishingly small since only those icns vwhich were accelerated in the
very small interval of phase angle would have the proper trojectoriess
As I say, this is not a fundamental limit to the device, since the tubes
and holds in the accelerating electrodes could be turned into a gap as

is done in reasonably designed cyclotrons.

To summarize, I should say that with the electrical resonance
; circuit, which is indicated in the design, it should be perfectly possible
to build a one to two hundred million electron volt cyclotron. However,
the magnetic field design is completely crazy and would render the machine
inoperative. If the Germans really want a high energy cyclotron, Boljthe
and Gentner are quite capable of designing it for them, -ﬁ since they
understand the criteria, which must be satisfied in order to make the
machine worke I think we can take great comfort from the fact that
Dallenbach has succeeded in selling someone on the idea that his device
will work, since there is no question in my mind that if built according:
to the plans submitted to me, it will be completely uscless,

Fase

Le W Alvarez

LivAshb
NARA RG 77, Entry UD-22A,
Box 166, Folder 32.24-1
GERMANY: Research--Res. Inst.
& other Facilities (1943--Apr. 1945)
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L3

Figure C.30: Luis W. Alvarez to Peer de Silva. 26 January 1945. SUBJECT: German Super-
Cyclotron [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research-Res.

Inst. & other Facilities (1943—Apr. 1945)]
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3 February 1945

Subject: Comments on Daellenbach.,

To: Major Frank J, Smith, P, O, Box 2610, Washington, D, C.

1. The description of the super=-cyclotron forwerded to us from
Bern seems to me a perfectly lucid account of a feasible maehine. There
are details (eircular channels for the beam, in homogeneous magnetic
field) which sound unlikely to work to me, but they may have been in-
troduced in the indirect transmission of the acecount. In any case,
comparison of this deseription with the usual unclear and garbled ones we
get of purported technical advances, convinces me that this is a genuine
account of a large cyclotron built on somewhat novel lines which has been
projected for construction by the enemy,

(1943—Apr. 1945)

2. The town of Bisingen emerges sgein as the evacuation laboratory
of the KWI, the so-called Forschungsstelle E, The present report is so
credible that I am convinced that Bisingen is the place., Recall also the
Hechingen references in the Strassbourg material. We have had PW in-
formation which contradicts the present source; it seems to me of high
importance to establish by photo reconmnaissance and other means, whether
KWI has really moved to Bisingen,

1€8

3. As you say in your covering letter, it is not easy to see any
war use for this undertaking; there appears to be no hint that the machine
deseribed is really connected with some isotcpe separation scheme, It may
be possible to interpret this enmemy activity as an expression of the con-
victions of top technical and managerial circles that nuclear physics
developments can have an important bearing on the war, though they are
not quite sure just how this will come about, This seems to be a cheer=-
ful sign, I can imagine the Manhattan Distriet building a super=-cyclotron,

/ if requested to do so by some of the scientific personnel a couple of
years ago, but certainly not in any such sophisticated stage as it has
reached now, :

/?)%uw.;.__)

P. Morrisori.ﬂ‘5

Research--Res. Inst. & other Facilit
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Figure C.31: Philip Morrison to Francis J. Smith. 3 February 1945. Subject: Comments on Dael-
lenbach [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research-Res. Inst.
& other Facilities (1943-Apr. 1945)]
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INTER-OFFICE MEMORANDUM
pATe February 16, 1945
TO: lla jor Peer de Silva

FROM: Cppenhelmer

-
Je Ila

SUBJECT: German 3Super-Cyclotron

I concur with the technical comments of Dr. Alvarez on
the subject of the super-cycliotron, and certainly if the
machine were built as described it would encounter the
difficulties which he anticipates. 1 believe, however,
that some caution shoula be exercised in taking the des-
cription literally. All three ol the evils Wwhieh e
enmumerates could be eliminated by relatively trivial
design changes, the origin of the report would nob

an
seem to guarantee these details were accurate.

il'c';l’,

should like to make a more general comment. The United
tates Government has not regarded the development of a
er-cyclotron as a war project and has assigned neither
materials nor priority to it. There was no doubt about
the soundness of the design of Dr. Lawrence's instrument
and a good deal of work had already been done on it.
Furthermore, this country has from the beginning been
in a better position to undertake long range work than
// would eappear likely in Germany. T believe that it should
g // be emphasized that none of us kanow of any conceivable ==
_——>2 |/ military development which would result from the construc- 5
/ tion of such a cyclotron, and it is appropriate to express
! gurprise at its having had the support of the German
government at a time of national crisis.

b(\: OJ‘\JML_A

=

=2 m thH

DECLASSIFIED
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Figure C.32: J. Robert Oppenheimer to Peer de Silva. 16 February 1945. SUBJECT: German Super-
Cyclotron [NARA RG 77, Entry UD-22A, Box 166, Folder 32.24-1 GERMANY: Research—Res. Inst.

& other Facilities (1943—Apr. 1945)]
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Captured Personnel and Material Branch. 4 September 1944. Special Report 23 [NARA
RG 77, Entry UD-22A, Box 171, Folder 32.7003-2 GERMANY: US Wartime Positive
Int. (July—Oct. 44)]

Estimate of veracity: Source is considered reliable, talks freely on all matters pertaining to Com-
munication Engineering

Source has been in the German Army since 1928, when he first enlisted and became a Radio
Operator. Since that time he was sent to the Technische Hochschule in Berlin on several occasions
to study research work for the German Army. He witnessed a very interesting experiment which
impressed him very much during the latter part of 1937 and 1938.

The demonstration was performed at the Miiggelsee near Berlin and the talk among Army Personnel
attending indicated that Neutron Rays were to be employed. A small balloon was released from
a boat on the lake which also housed the equipment and the operating personnel. When the rays
struck the balloon several hundred feet in the air, it exploded. Source states that when the beam
struck the balloon the Hydrogen gas was bombarded causing it to explode.

The beams were then directed upon some old brick buildings. After a short period of waiting for
the beam to do its work, it was turned off and the Army spectators were permitted to inspect
the brick building. It was discovered that the bricks could be taken and crumbled by a light blow
of a hammer. This they were told was brought about by the Neutron ray which was beamed on
the building. Very deadly secondary rays are produced by such a beam, they were told, however,
it required a tremendous amount of equipment to project such a beam and because of the strong
secondary ray which sometimes destroyed the equipment itself, the Army officials decided it would
be unwise to employ such equipment for combat.

They were also experimenting with Schumann Rays, which are shorter than Gamma Rays. The idea
is to obtain certain gases, such as helium, krypton, and neon, by breaking down atoms. Considerable
difficulty is experienced in controlling these rays and on one experiment, source’s best friend was
killed due to the secondary effect.

Helium is produced by this principle in a factory at Merseburg, near Halle. Facilities are not
available to produce it in large quantities. Source never visited this place. He knew of this factory
in 1938.

[See document photo on p. 3057.

“Schumann Rays” appears to be a reference to Gerhard Schumann, a particle accelerator physicist
known to have developed and tested high-energy accelerators during the war. This report seems
to indicate that Schumann, Steenbeck, or other scientists were producing, projecting, and testing
intense particle beams as potential weapons by 1937-1938.]
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Special Report 23 4 Sppt 1944

Captured Personnel and Material Br,

Estimate of veracity: Source is considered reliable, talks freely
on 211 matters pertaining to Communication Engineering

Source has been in the German Amy since 1928, when he first enlisted
end became a Radio Operator. Since that time he was send to the Technische
Hochschule in Berlin on several cccasions to study research work for the
German Army. He witnessed & very interesting experiment which impressed
him very much during the latter part of 1937 and 1938.

The demonstration was performed at the Miggelsee near Berlin and the
talk among the Army Personnel attending indicested thet Neutron Reys were
to be emplcyeds A small ballonnwas released from a boat on the lake which
also housed the equipment and the operating perscnnel, When the rays struck
the ballopnseveral hundred feet in the air, it exploded . Source states
that when the beam struck the balloonthe Hydrogen gas was bombarded causing
it to explode.

The besms were then directed upon scme old brick buildings, After a
short period of waiting for the beam to do its work, it was turned off and
the Army spectators were permitted to inspect the brick building. It was
discovered that the bricks could be taken and crumbled by & light blow of
a hammer, This they were told was brought about by the Neutron ray which
was beemed on the building. Very deadly secondery rays are produced by
such a beam, they were told, however, it required a tremendous amcunt of T
equipment to project such & beam and because of the strong secondary ray
which sometimes destroyed the equipment itself, the Army officials decided
it would be unwise to employ such equipment for combat.,

They were also experimenting with Schumenn Rays, which are shorter than
Gemme Rays. The idea is to obtain certein gases, such as helium, Krypton,
and neon, by breaking down atoms. Considerable difficulty is experienced
in controlling these rays and on one experiment, Scurces best friend was
killed due to the secondary effect.,

Helium is produced by this principle in a factory et Merserburg,
near Halle. Fecilities are not available to produce it in lerge quantities,
Source never visited this place. He knew of this factory in 1938,

SECRET )

Figure C.33: Captured Personnel and Material Branch. 4 September 1944. Special Report 23 [NARA
RG 77, Entry UD-22A, Box 171, Folder 32.7003-2 GERMANY: US Wartime Positive Int. (July—
October 1944)].
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Captured Personnel and Material Branch. 1 November 1944. Report 1363. [NARA
RG 77, Entry UD-22A, Box 171, Folder 32.7003-3 GERMANY: US Wartime Positive
Int. (Nov. 44—June 45)]

[.] V. DEATH RAY:

A P/W who is a graduate engineer and an inventor with training in chemical metallurgy, gives the
following account of a death ray experiment he witnessed at the Berlin Hagenuk (“Hanseatische
Apparat Bau Gesellschaft Neufeld & Kuhnke”, cf. C.S.D.I.C. (UK) S.I.R. 1029) testing grounds at
Tempelhof.

P/W was conducting some experiments there in February 1939. He had just completed experiments
of his own when he noticed people assembling on the adjacent testing grounds which belonged to
A.E.G. Siemenstadt, Berlin. He inquired regarding the nature of the experiment to take place and
was told some form of ray would be displayed. He was permitted to view the experiments by a
Dip. Ingenieur, an employee of the A.E.G., who was in charge and with whom P/W was friendly,
they having attended the Technische Hochschule at Aachen together. P/W’s uncle, Eng. Sauer,
Technical Director at the A.E.G. in Berlin, was also instrumental in his obtaining permission to
view the experiments.

The generating apparatus was housed in a small brick building four meters square and three meters
high. On one side of the building was a window one meter wide, and 50 cm. high. P/W was unable
to look through this window as it was made of quartz glass and some form of metal was also
distributed around the glass so as to prevent stray radiations.

At a distance of 200 meters from the side of the building that contained the quartz glass window
was placed a small wooden crate with live guinea pigs in it. The spectators were first permitted
to inspect the crate and the live creatures. Everyone was then requested to move back behind
some white ropes so placed that they were safely protected, in a position even with the side of
the building. A Dr. Schuetze then entered the small brick building and switched on the apparatus.
No one was permitted to enter this building other than Dr. Schuetze, who remained inside the
building as long as the apparatus was in operation. A humming noise could be heard similar to
that made by a generator running at high speed. The ray was invisible. After about ten minutes,
Dr. Schuetze turned the apparatus off and the spectators were then permitted to examine the box
which contained the guinea pigs.

P/W inspected the guinea pigs closely. Not a sign of life was present. Even when a lighted match
was held close to their noses, they showed no signs of life. Dr. Schuetze told P/W that the rays had
destroyed the white corpuscles of the blood and had thus caused sudden death. P/W never again
saw nor heard of any other such experiments. [...]

[See document photo on p. 3059.

This is another report (from an apparently very knowledgeable and trustworthy source) that indi-
cates scientists were producing, projecting, and testing intense particle beams as potential weapons
by early 1939, before the war even started.]
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dHGROES o)
ZNATil ~ NEW STEYR BALL-FEARING FACTORY (Cont'd.):

located very casily by followihg the Vienna-Znaim RR line, which crosses
the Thaya River on a high bridgs, then crosses the highway, The factory
has 9-12 tall chimneys, A small distillery, numberaed 6 on attached
sketch, has been converted te a gasoline refinery, Tank cars are filled
through two 2~inch pipelines leading ovirhead from the refinery to the
tracks boyond the highwuay,

IIT. BOIDRITZ (STETTIN) — SYATHETIC OIL PLANT:

© On 26 June 1944, PAV left for Stettin, where he worked until
12 July cleaning up the damags from an air attack on th: Boedritz
plant, When he loft, the refinory was once more in op:ration.

IV. THEINWALD HE AR LUNDENBURG — UNDERGROUND MAIUNITION FACTORY :

The daughté¥ of a friond of P/W worked on powder bage for
shell cases (Kartuschen) in an underground factory in Theinwald built

in 1943.
V. _]_]‘l‘iulH RAY:

A PAY who is a graduate :nginosr and an 1zw\.ntor with train-
ing in chemical mutallurgy, gives the following account of a death ray
oxperiment he witnessed at the Berlin Hagenuk ("Hans:atische Apparat
Bau Gesellschaft Neufeld & Kuhnke", ef. C.5.D.I.C. (UK} S,I.R. 1029)
testing' grounds at Tempalhof.

P,/W was conducbing soms experiments there in February 1939.
He had just completed experiments of his own whin hs notiged people
assembling on the adjacent testing grounds which belonged to .4,E.G.
Sismenstadt, Berlin. He inguired rsgarding the nature of the experi=-
ment to take place and was told some form of ray would be displayed,
He was permitted to vicw the experimoents by a Dip, Ingenisur, an em—
ployes of the \,E,G., who was in chargs and with whom P/W was fricndly,
they having attended the Technische Hochschule at fachen togather.
P/W's uncle, Eng. Sauvr, Technical Director at the A.E.G. in Berlin,
was also 1nstrwnant.al in his obtammg permission to view the experiment.
The gum,rc.tlng apparatus was housed in a small brick building
four moters square and three moters high. On one side of the building
was a window cne meter wide, and 50 om. high, PB/W was unable to lock
through this window as it was made of quartz glass and some form of
metal was also dlsfhrlbut.»..d around the glasg so as to prevent stray
radiations. : ]

At a distance of 200 meters from the side of the building that
contained the quartz glass window was placed 2 small wooden crate with
live guinea'pigs In"Tt, The spectators were first permitted to inspect
the crate and the live creatures, Everyone was then requested to move
back behind some white ropss so placed that they were safely protected,
in a position owven with the side of the building, A Dry Schuetze then |
entered the small brick building and switched on the apraratus, No one
Was permitted o enter this buklding other than Dr,.Schustze, who re-
mained inside the building as long as the apparatus was in operation, 4
humming noisc could be hsard similar to that made by a generator running
at high specd, The ray was invisibles After about ten minutes, Dre
Schustze turned tho-apparatus off and the spectators were then permitted
to examine the box which contained ths gulnuil pigse

"SECRET
1363 (P. 6)

DEATH RaY (Cont'd.)

P/W inspected ths guinza plgs closaly. HNot a sign of life
was present. Even when a lighted match was hseld ¢lese to their nosss,
they showed no signs of life, Dr. Schuetze told P/AV that the rays .
had destroyed the white corpusclss of the blood and had thus caused
sudii'en deaths P/W never again saw nor heard of any obher such oxperi-
ments s i

o ¥

Figure C.34: Captured Personnel and Material Branch. 1 November 1944. Report 1363 [NARA
RG 77, Entry UD-22A, Box 171, Folder 32.7003-3 GERMANY: US Wartime Positive Int. (Nov.

44-June 45)].
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8T CRET 3
p INTCLLIGNCE BUIIETIN No 2/%)

A

A

11, Y-Stellungen (Gou’uinnod)

ERIBURG end FEEYA) - GSGS 4081/

- KCENIGSHERG, nr STEINETCK (uscs
15/785575+ ‘\

Nabenstellen, There cre two Nebenst:llen according to P

ARNSWALDR (uses WERZBURG-RIZSE) - GEGS 4OCL/S54/260960.

‘ BYRITZ (uscs X-CGersct) - GEGS 4081/53/890390.

(Source: Uffz Rudolf MUELIZR, lj Pera Regt)

12, Atom-Smashing Bxperiments

v

Preamble, W is 18 ycers old apnd comes from LUDWIGSHAZEN. after 8 L_’GCLI'B
of publie School, he attendod an cleetrie trades school for 3 ycars, working
at the ‘seme time as radio nnd oloctro-tcehnical studont at the IG FARBEN plant
in LUDWIGSHAFN, 4t the cnd of this dime PW was choson "Reichssicger' asg the
result of his outstonding showing in the *Pacharbeiterpruefung,® o national
examination for all technical students who hove completed thelir training perioda.
He was awarded a book on elcctricity,autographed by HITIER, ond 8 semesters of
tuition-free university study. In Nov 43 he went to HEIDELBERG, wherc he con—
tinued to work in the mornings for IG FARB™N, at their plant in that ecity,
studying efterncons and cvenings at the university.

- Working in thc so-called Ausweichwerk iI of IG F.REDY as an =lectro-tech-
niciany PW's above-average &kill arousced the intercst of the c¢hicf enginecr,
as well as of other experts, and he was allowed to watch somc highly scerct
experiments being conduected at the time, PW was used as an cloctrician on
transformers and condecnsers, which were part of the experimental cquipmonte.

In 4pril 1944 P7 left HUIDELETRG to put in his RMD time, JAfter 3 months
he returncd to LUDWIGSHAFTN, worked for a short time at thoe IG FARERN plant
thero, and was then indueted into the Jrmy, 27 July Ul

Experimental Station, IG F.R3EY, HTIDELHTRG, The experiments discussed
here were first conductcd on a small scalc in LUDWIGSH.FEN, and transfcrrcd
in July 43 to the cxperimental stotion at HTIDEIERTRG, located st GSCS 4416/
U3/695917. 100 workers, including 20 olcctriciens, tochnicicns,and enginsors
who worked daytimes only, were euploycd, -

Soourity. Every two wucks a lecturo ~as given by Ing R.ITHEL improssing

on all thosq working on the oxporiment the ncecssit i
: y of sccrocy and the severity
of punishment for security ‘violations. Two eloctricians arrostod appr 15 Dee

43 were never he~rd of mgain, It wos r '
S daen alatoly. ) unored _thmt thoy had talked end hadlbeen

The plant was enclosed by a threo and & half m high wire fonce charged

with 1209 vol$s of olgct'ricity. Fifty polico dogs roemcd. the arca at night,

Figure C.35: PW Intelligence Bulletin 2/32, 30 January 1945. [NARA RG 165, Entry NM84-79,

Box 1916].
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12+ _ Htom—Smashing Experiments

(Continued)

New Loeati
induc?ion,—_'r%%%gmfg i]‘-g _NOVﬂiL%J.-_ some +threo end o hali months afkor his
went to tho kitchen IC‘“. SCHTTZINGN %¢ the Swation. AFf that %ime PW
the following Sund: n{{isDO‘m to some of his e2d fricnds. miking o dete for
returned on 19 N qfhhl‘h‘an 0ld givl fricnd S~ tao of-icc Then he
movede Tho irlog-‘:a.: G Taln guard afk whe gatc tolé kim -hal sho stabion hed
& =@ Nov appear for the inte B deul’s chnot the shatlon

could have becen moved
*d at sush g P . o X
statément of the guard . h & short . nuties omd has no explanation for the

P¥ neiticed +hod she sidowatl croand the tirst building

was torn up and Teimom
T Tememio Ty thC rward o . = _ o 7 eisgau
a8 a possible new lecasion . frient voguoly vemtacriod FEEIDURG/B: °

i DECLASSIFIED
Autbority MANDRYESTFH

o I o .
apparﬁgﬁgﬁ??;:- T?\"‘ ?Jﬁpcriﬁxna!)ts 1 wolved a large. claborate at(':.m-:sm&Shing
ohe i '"“ :'-11"‘ -_?'”1;\1..‘3-5 of which vere four "Spruchpole® (positive) and

angpol" (ncgntive}. ench abiut 6 m high! Libcrated protons were con-
veyed th:f‘ough 4 QUaTEE S Lo gre *?pruoh‘wolch *rcm which they were "fired"
at an object placed ¢n & 91z 1late up o 800 m dishunt. This resulted,
according to P, in %he complote disinsegrobtion of the objecet-

The first two experimunts of ihis kind whish P77 witnesscd tock place in
Dec 43 and Jan 4l In onc. a g am suhe of s%eel (grode 300CL2) was disin-
tegrated within fowr-tontis of o sceond, The «cbjeet 1n She second experiment
was wator, contained in a large quuriz tube. vileed so that the "rays" would
strike the largest possible surfeco, The water disappeared in two-tenths of
‘a second.

The most spcetaculer experiment wos ennduected early .pril 19414, vwhon scme
75 rats were made to diseppear in the same woy, The cxperiment was photographed
from the quartzeenclosed obscrvation tower, cnd PV claims there was no trace
of smoke or flame; nor did any ashcs remnin on the iron platc. His explanation
of this apparcnt violation of the laws of physics is that the rats were somehow
reduced to a gas. which was absorbed by the iron platoa

PW's Evaluations PV doubts that the prineiple involved in the cxperiments
described above cculd be odapted to military use in less than two years, The
apparatus is extrcmcly ecmplicated and far teo large and cumbcerscme to be
moved readily. However, hc concedes the possibility that during the eight
months whieh have elapscd since he witnessed the cxperiments, further progress
may have been madcs

Personalitics. Tho following men were conneéted with the experiments at

H’?IDEIBERG;
FISCHER, Ewald Ing
ETRLFSEN R - Dipl Ing
RAITHEL : Dipl Ing

(Souree: ROB Karl SCHNETTIER, 352 Inf Div)

NARA RG 165, Entry NM84-79, Box 1916,
PW Intelligence Bulletin 2/32, 30 January 1945
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Figure C.36: PW Intelligence Bulletin 2/32, 30 January 1945. [NARA RG 165, Entry NM84-79,
Box 1916].
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ATON — SMASHING IABORATORY
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AFHRA folder 519.6501-2 1945

Figure C.37: Detailed Interrogation Report 6824 DTC (MIS) M. 1075: Atom-Smashing Laboratory.
13 March 1945. [AFHRA folder 519.6501-2 1945; AFHRA A5730, frames 0488-0492]
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AFHRA folder 519.6501-2 1945

SUBL.GUR BT -

I.

II.

III.

6824 DIC (MIS)M.1075

I
1

DETAILED INTERROGATION REPORT

SOURCE
Nome ¢ SCHNETTLER, Karl
Ronk t Unteroffizier
Unit : PANZER 33
Captured : 1 Dec 44, DIFFIRTEN
Interrogation ¢ 6824 DIC (MIS), 2 Mar 45
FPREAMBLE

4p 18 year old technicizn from LUDWIGSHAFEN. At first, he confirmed
his previous story, as given in Report 2/32 (see NOTE, below),

He was then questioned as to his techniecl knawledge of electronics,
and it was found that he could not answer even elementary questions
on the subject. He then stated that his origincl story was false.

Pl now states that he wins never, for 2ny length of time, associcted
with o Germcn University, or TECENISCHE HOCHSCHULE, cnd that he
ccnnot give informetion concerning the University of HEIDELBERG,

Although it is believed that PW is telling the truth, it is felt
thot his informction should not be given o high relicbility roting.

The information contcined in this Report hos been obtained o
this Hq with the cssistrnce of the Techniczl Licison Division
Office of the Chief Signols Officer, ETO,

Reliobiity ¢ C-5

(NOTE: This Report should be read in conjunction with Mobile
Field Interrogotion Unit No 2 PW Intelligence Bulletin
No 2/32, dated 30 Jon 45. See pawa 12, entitled
" toin-Smashing Experiments").

ATOI=-SMASHING LiBORATORY

4.  Location

Rof lap: GERM.NY 1: 25,000 GSGS 4414
Sheet 6416, FRLNKENTH.L, Revised Oct 44

Photo Ref: ACTU Interprcetation Repert K 3228, 2 Oct 44

1 0C50 Pl stated that the experiments deseribed in Report 2/32
{see NOTE, above) werc carried out in zon underground
structure, located at MR, in the I.G,F.REEN Plant ot
LUDVIGSH.FEN,.

In Sep 44, PW heard thot the Experimentol Stotion wos
to be moved to an umspeeified location in either HEIDELB.RG,
or FREIBURG/Breisgzou.

\

B, Doscription (Sce Appendix "i")

The lcborctory consisted of o conerete underground sheltoer,
approx 50 mcters long, 25 mecters wide, ond & to 10 meters
high. . Concrote wolls werc between 75 cms and 1 meter thick,
The shelter wes entered ot ground level, but was not
visible from the air.

Figure C.38: Detailed Interrogation Report 6824 DTC (MIS) M. 1075: Atom-Smashing Laboratory.
13 March 1945. [AFHRA folder 519.6501-2 1945; AFHRA A5730, frames 0488-0492]
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SECRET b Y 6824 DIC (MIS)M.1075

The floor, and o strip 4 or 5 meters wide, along the
inside walls approx 2 meters above floor level, were
covered with = 3 to S5-cm thick plestic layer know as
IGELIT.

One end of the laboratory contoined o recess housing

5 or 6 Electronic Tubes, referred to es F.NGPOLE ond
SPRUEHPOLE. These rested on specinl trollcys, cnd could
be moved foward into the focusing arec. The sides cnd
reor of the tubes were shielded by o semi-circulor
quartz plate.

A% the other end of the Lobormtory was the Observeation
and Control Station, shieclded in front cnd ot the sides
by o semi-cicular, trgnsporent quertz plate., This
station contained electricol controlss

Opposite this stcotion was o target stand, comsisting

of a 1.25 to l.5-meter high column, surrounded by a S5-cm
thick, approx l.25-meter long and l.25-meter wide quartz
plate. /A vocuum system (detoils unspecified) wos
incorporated in the target stonde All parts of the
stand hod been sprayed with tho plastic IGELIT.

C. Experiments

Pi could add little to the information in Roport 2/32,

THIS PAGE DECLASSIFIED IAW EO 13526

Experiment with Rots

In the experiment of ipr 44 (Sce Report 5/32), EJ stated
that, when the rots were bombarded by the rays, o
phosphorcscent glow wos observed over their bedies,
lcsting cbout o fifth of a sccond. FW believed thot the
rots had beer reduced to o gascous Sodium (?), which

hed been drrvwin into the vacuum system of the test stend,.

D. Personalities
The following men took part in the laborctory ezxperimcnts:

l. K&iISER WILHELM Institute

K.LB, Diplom Ingenieur
MEISSNER, Diplom Ingenieur
F,IKE, Diplon Ingenieur
H.ERINGER, Studienrat

2 I.G.F“RBEN/Ludwigshufen

WENDT, Diplom Ingcnricur
RAITEEL, Diplom Ingenicur
EDLEFSEN, Ingenicur

WHG {Ed: .RP)
FOR THOM.S C. V.N CLEVE, LT COL
Commanding 6824 DIC (MIS)
€} v L S Bt
HUB I/ : /;;,14 Urrnava,
IVO V GL.NNINI

Mo jor, INF,
13 Mor 45 Army Section

AFHRA folder 519.6501-2 1945

Figure C.39: Detailed Interrogation Report 6824 DTC (MIS) M. 1075: Atom-Smashing Laboratory.
13 March 1945. [AFHRA folder 519.6501-2 1945; AFHRA A5730, frames 0488-0492]
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A 6824 DIC (MIS)M.1075

DISTRIBUTION
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Figure C.40: Detailed Interrogation Report 6824 DTC (MIS) M. 1075: Atom-Smashing Laboratory.

13 March 1945. [AFHRA folder 519.6501-2 1945; AFHRA A5730, frames 0488-0492]
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SECRET AT 6824 DIC (MIS)M.1075

APPENDIX "A"

ATOM - SMiSHING LABORATORY

1.G.FARBEN/Ludwigshafen

6e
LEGEND

l. Recess for
Electronic Tubes.

2., Quartz shiela,

3. TFocusing Area,.

4., Pawer Contact.

S5, POLYDRON!?).,

6. Power Cable,

7. Torget Stand.

8. Observation and
Control Stotions

9. Power station,

10, Switch Station.

11, Transformer

Station, W

\5.
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AFHRA folder 519.6501-2 1945

Figure C.41: Detailed Interrogation Report 6824 DTC (MIS) M. 1075: Atom-Smashing Laboratory.
13 March 1945. [AFHRA folder 519.6501-2 1945; AFHRA A5730, frames 0488-0492]
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PW Intelligence Bulletin 2/32. Atom-Smashing Experiments. 30 January 1945. [NARA
RG 165, Entry NM84-79, Box 1916]

The first two experiments of this kind which PW [German prisoner of war] witnessed took place
in Dec 43 and Jan 44. In one, a 10 cm cube of steel (grade ST0012) was disintegrated within four-
tenths of a second. The object in the second experiment was water, contained in a large quartz
tube, tilted so that the “rays” would strike the largest possible surface. The water disappeared in
two-tenths of a second.

The most spectacular experiment was conducted early April 1944, when some 75 rats were made to
disappear in the same way. The experiment was photographed from the quartz-enclosed observation
tower, and PW claims there was no trace of smoke or flame, nor did any ashes remain on the iron
plate. His explanation of this apparent violation of the laws of physics is that the rats were somehow
reduced to a gas, which was absorbed by the iron plate.

[See document photos on pp. 3060-3061.]

Detailed Interrogation Report 6824 DTC (MIS) M. 1075: Atom-Smashing Laboratory.
13 March 1945. [AFHRA folder 519.6501-2 1945; AFHRA A5730, frames 0488—-0492]

In the experiment of Apr 44 (See Report 2/32), PW stated that, when the rats were bombarded by
the rays, a phosphorescent glow was observed over their bodies, lasting about a fifth of a second.
PW believed that the rats had been reduced to a gaseous [form], which had been driven into the
vacuum system of the test stand.

[See document photos on pp. 3062-3066.]

[This seems to be a later report of the testing of intense particle beams as potential weapons,
describing experiments from December 1943 through April 44. If the description of the effects was
accurate, the results were quite impressive, and the technology had clearly advanced a great deal
since the 1937-1939 experiments described in the previous reports. Even so, such a particle beam
weapon would have required a huge power source, which would have made it impractical for most
military applications during the war, and may explain why it was never deployed.

Judging from several reports discovered in Walther Gerlach’s files by the U.S. Alsos Mission, in
1944 there were a number of very active projects aimed at developing and testing weapons based
on particle accelerators that produced high-energy beams of electrons, ions, and/or X-rays [NARA
RG 319 Entry NM3-82A, Box 6, Folder ALSOS G-20]. Gerlach was closely tied to the physics
community, the Reich Research Council, and the SS, and he appears to have been appointed the
chief scientific official responsible for funding and evaluating all or at least many of the particle
beam weapon projects. Please see the following pages for a few examples from these reports.]
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J 4 Der Vorsitzende
b des Kuratoriums der Forschungsstelle Miinchen 22, den 25.8.1944
der Luftwaffe GroBostheim Iudwigstr., 17
Professor Dr. Walther Gerlach
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I.) Sitzung 6, Mai 1944,

Der Vorsitzende begriiBt die Mitglieder des Kuratoriums
die Herren Egerer, Esau, Fennel, Geist, Georgii,
Heisenberg, Heuser, Hollnack, v. LoB-
berg, Seifert, Tams

tPage=465
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und als Gaste die Herren Kulenkampff, Schiebold, Schumann (RMfRuK),
Spengler, RoBler, Widerde

1. Die Diskussion des Vorschlags von Prof. Schiebold, Rontgen=-
leistungen bis zu 100 (oder mehr) Rintgen pro sec. in Absténden
bis zu 10 km von der Rohre unter Verwendung einer RShre mit einer
besonderen Grofifliéchenanode zu erzeugen, deren Verwirklichung
eine Hauptaufgabe der Forschungsstelle der Luftwaffe GroBostheim
sein sollte, filhrte noch nicht zu einer endgilltigen Kldrung der
Realisierbarkeit. Nach einer Abhandlung von Prof. Kulenkampff,
Jena, tiber das Verhalten von 10 bis 100 Lill. Volt - Rontgen-
strahlen errechnet sich gine autquwendende Leistung in der Rbhre
von der Grdfenordnung 10° bis 10' KW, um in 1 bis 2 km Entfer-
nung 10 r/sec zu erreichen, wus fiir lange Zeit technisch nicht
erreichbar ist. Dazu fehlen shmtliche Unterlagen fiir die Erzeu-
gung der Spanpung, der Lelstung und den Bau der Rbhre.

Dieses Ergebnis steht in starkem Widerspruch zu den von Prof.
Schiebold vorgetragenen Rechnungen. Da ein_Versuch, die Diskre~
panz durch &ussprache in der 3Jitzung zu kldren, scheiterte,
wurde festgesetzt; Die Herren Schiebold und Kulenkampff tauschen
ihre Ansichten schriftlich aus; sollte eine einheitliche Auf-
fussung beider Herren nicht zustande kommen, 80 wird der Vor-
sitzende eine Sachbesprechung zwischen beiden Herren und einigen
wenigen Kitgliedern des Kuratoriums abhalten. Es wird angenommen,
daB dieses in 3 Wochen der Fall sein kann.

.gov/id/316278533?0b
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Figure C.42: Notes from 1944 meetings of Walther Gerlach with FErnst Schiebold, Hel-
muth Kulenkampff, Rolf Widerée, Gerhard Schumann, and others involved in the devel-
opment of particle beam weapons. [NARA RG 242, Copies of Research Materials on
the Role of the German Air Force in World War II, Microfilm 15, Frames 305-310.
https://catalog.archives.gov/id/3162785337objectPage=465]

NARA RG 242, Copies of Research Materials on the Role of the
German Air Force in World War I1, Microfilm 15, Frame 305.
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Die 1200 KV~-Anlage wird nicht in GroBostheim aufgestellt, da
von einer Untersuchung von Kathoden- und Réntgenstrahlen in
diesem Spannungsgebiet keine grundsiétzlich neuen Erkenntnisse
erwartet werden knnen. Es wird vorgeschlagen, diese Anlage
einem anderen Forscher z.B. Prof. Gehrtsen zur Durchfiihrung
atomphysikalischer Untersuchungen zur Verfligung zu stellen.
Die Forschungsfihrung veranlasst das Weitera.

De der fiir die 1200 KV-Anlage vorgesehene Bau in GroBSostheim
auch fiir die 2000 KV-inlage ausreicht, wird letztere, zurzeit
in Hamburg lagernde Anlage dorten aufgestellt. Sie soll zur
Erzeugung von Neutronen und Herstellung radioaktiver Indika-
toren benutzt werden, da zur Durchfithrung bedeutungsvoller
technischer und medizinischer Forschungsarbeiten eine Vermeh-
rung der in Deutschland vorhandenen Aktivierungsanlagen drin-
gend erforderlich ist.

II.) Sitzung am 15, August 1944.

Der Vorsitzende gibt zunidchst einen Uberblick iiber die Vor-
giinge widhrend der 3 Monate selt der letzten Sitzung, welche
zu der Verzdgerung der Einberufung dieser Sitzung gefiihrt
habten. Prof. Schiebold hatte entgegen der Verabredung in der
EKuratoriumssitzung nicht seine damals gemachten Mitteilungen
achriftlich festgelegt, sondern auf mehrfaches Bitten hin erst
am 14, Juli eine umfangreiche Denkschrift eingereicht. am 17,
Juli gab Prof. Kulenkampff eine Erwiderung, am 29. Juli Schie-
bold eine Ergidnzung und Entgegnung.

Die umfangreiche Denkschrift Schiebolds wird von diesem an meh-
reren Stellen als noch nicht endgiiltig bezeichnet, da er glaubt,
noch eine ganze Reihe von Problemen weiter theoretisch bearbei-
ten zu miussen. Er erwartet hiervon entscheidende irgebnisse fiir
die Beurteilung der Realisierbarkeit des Pro jektes.

Nach ansicht des Vorsitzenden geniigten jedoch die von Schiebold
und Kulenkampff gegebenen Rechnun_:en und abschitzenden {iberle=-
gungen, um die Frage der GroBenordnung der erforderlichen R&h-
renleistung mit solcher Sicherheit anzugeben, daB die Zweck-
méssigkelt der weiteren Behandlung des Projektes und die Frage
8einer militdrischen Verwendbarkeit entschieden werden k&nnen.

Der Vorsitzende hatte daher eingeladen die Herren: Georgii,
Geist, Heisenberg, Kulenkampff, v. LoBberg, Schiebold, Seifert.,
Oberst Geist hatte als Vertreter Herrn Schumann geschickt, Prof.
Heisenberg war verhindert. Dr. Spengler war als Gast anwesend,

wFs
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Figure C.43: Notes from 1944 meetings of Walther Gerlach with FErnst Schiebold, Hel-
muth Kulenkampff, Rolf Widerée, Gerhard Schumann, and others involved in the devel-
opment of particle beam weapons. [NARA RG 242, Copies of Research Materials on
the Role of the German Air Force in World War II, Microfilm 15, Frames 305-310.
https://catalog.archives.gov/id/3162785337objectPage=465]
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Figure C.44: Notes from 1944 meetings of Walther Gerlach with FErnst Schiebold, Hel-
muth Kulenkampff, Rolf Widerée, Gerhard Schumann, and others involved in the devel-
[NARA RG 242, Copies of Research Materials on
the Role of the German Air Force in World War II, Microfilm 15, Frames 305-310.

opment of particle beam weapons.
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Die Besprechung betraf > Hauptpunkte.

1,) Welche Dosis und welche Dosisleistung ist erforderlich?

Die in den verschiedenen Berichten von Schiebold gegebenen
Zahlen schwanken zwischen 5 und 600 R/sec fiir die Leistung
und 800 R bis 3000 R fiir die Energie zur Erzielung von Haut-
schéden. Bine Unsicherheit in der Umrechnung von hnergie

auf Leistung liegt nach Schiebold in dem unbekannten Zeit-
gesetz. Es wird festgestellt, daB cenaue Unterlagen fiir
Schiéidigung des lienschen bel Gesamtbestrahlung iliberhaupt
nicht vorhanden sind. Es herrscht Einmitigkeit dariiber, da8
fiir die folgende Betrachtung eine GréBenordnung von 600 R
wdhrend einer Bestrahlungszeit von 30 sec, also 20 R pro sec
als wahracheinlich richtig fiir eine sihere spontane Dauer-
schddigung zu Grunde gelegt werden soll.

(Nachtrigliche Bemerkung des Vorsitzenden: Gesetzt den Fall,
daB die Schieboldsche Idee ausfiihrbar und eine starke Schi-
digung eines Fliegers erzielt wdre, so wiirde der Feind nach
ganz kurzer Zeit die Art der 4dbwehrwaffe erkannt haben., Es
diirften sich dann MNittel finden, den Flieger im Flugzeug
recht weitgehend zu schiitzen.)

2.,) Nach Seite 21 der Schieboldschen Denkschrift vom 14. Juli 44
801l eine GroBfliéchenanode ein quantitativ anderes Abstands-
gesetz fir die Ausbreitung der Rontgenstrahlen liefern als
eine punktformige Anode, insbesondere soll nach Seite 5 in
kleineren Abstinden die Intensitdt grbdBer sein als nach dem
einfachen quadratischen Abstandsgesetz berechnet wird.

Zunuachst wird festgestellt, daB das gquadratische Abstandsge-
setz immer einen idealen Grenzfall darstellt, Prof., Schiebold
erklart, daB ihm dieses bisher nicht bekannt war.

Die anwesenden Physiker stellen fest, daB die punktfirmige
Anode unter allen Umstdnden und in allen Entfernungen am
gunstigsten ist. Dieses folgt auch aus einer richtigen 4Aus-
wertung der von Schiebold benutzten Formeln.

Die Frage der GroBfléchenanode betrifft lediglich das Problem
der Unterbringung der erforderlichen Leistung in der R6hre,
Pir alle Rechnungen iiber die erreichbaren Strahlenleistungen
kann also die punktfbrmige 4anode zu Grunde gelegt werden, um-
somehr als in den beabsichtigten Wirkungsentfernunsen (R grifex
als r/y» , r = Rudius der Anode, = Emissionswinkelbereich)
der Unterschied zwischen kleiner und groSer Anode bis auf
minimale Bruchteile eines Prozent verschwindet. llur in klei-
nen Absténden liefert die GroBflkchenunode ganz wesentlich
weniger als die punktfdrmige. (Gerechnet auf jleiche Leistung)
Hieran wird auch durch andere Vorschlédge Schiebolds, z.B. ge-
krimmte Anode, gar nichts geéndert. Prof. Schiebold schlie3t
sich diesen Feststellungen nicht vollinhaltlich an.

Prof. Schiebold weist suf verschiedene Effekte hin, welche
nach seiner ansicht wesentlich ginstigere Ergebnisse erwarten
lassen, als aus den Rechnungen von Kulenkampff zu folgern ist;
z.B, daB der Nutzeffekt einer groBen Anode besser sein kbnne
oder dass die Beachtung der spektralen Verteilung und ihrer

==
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o Anderung léngst des fortschreitenden Strahles hGhere

- Leistungen bringen kann oder dass die Streustrahlung im

t: Flugzeug die Leistung am Orte der gewlinschten Wirkung er-
D hthe., Auf die Bitte diese Ansicht niher zu begriinden ant-
o_— wortet Prof. Schiebold, daB er jetzt hierzu keine JStellung

nehmen konne. Der Vorsitzende spricht sein Befremden dariiber
aus, daB iiber ein Jahr nach der Bekanntgabe der Idee von Prof.
Schiebold noch grundlegende Fragen fiir die Beurteilung, ob
die Idee verniinftig ist oder nicht, noch immer nicht bear-
beitet sind; nach seiner Ansicht hdtten diese Fragen v o I
einer Bekanntmgabe iiberlegt werden miissen, zumal Prof, Schie=-
btld jetzt ihnen entscheidende Bedeutung beimiBt, nachdem
seine urspriingliche Begriindung (Abstandsgesetz der Gross-
fliéchenanode) weggefallen ist, Eine Idee, wie die Anderung
des Nutzeffektes bei geidnderter GrdBe der Anode, entbehrt

so sehr jeglicher Grundlage, daB eine Besprechung dersel-

ben abgelehnt wird.

Prof. Georgii weist scharf zuriick, daB in Jeder neuen 3e-
sprechung von Prof. Schiebold neue Ideen ohne theoretische
oder zahlenmiiBige Begriindung vorgebracht werdenj durch eine
solche Behandlung wiirde jede abschlieBende Uberlegung unmdg-

lich gemacht.

Prof. Kuhklenkampff zeigt iiberschlagsmiiBig, daB die Berilck-
sichtigung der neuen Vorschliige von 3chiebold (spektrale
Verteilung und hieraus zu ziehende Folgerungen) an der
GroBenordnung der berechneten Effekte nichts géndert, dass
vielmehr fiir die meisten Effekte schon der glinstigste Fall

gerechnet 1ist.

.gov/id/316278533?0b
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3.) Frage der Herstellung der erforderlichen Energi¢en und
Leistungen,

als erforderliche Leistung wird angegebens

Schiebold: fiir 25 000.000 Volt und GroBfléchenanode mit
2 m Durchmesser bei spezifischer Belastung
derselben bei 100 Watt/cm“ werden gefordert
314,000 K4 zur Erreichung von 850 R/sec in
1 km Entfernung. Die richtige Umrechnung auf
die Entfernung von 5 km liefert beil dieser
Leistung in der Rdhre eine Strahlungslelstung
von 0,11 R/sec. (In dem Schieboldschen Bericht
steht 131 R/sec. offensichtlich ein Schreib-

fehler.

Kulenkampff: PFiir 25.000.000 Volt, unabhéngig vonder Art der
Anode und dem Bau der Rdhre werden gefordert
zur Erzielung einer Strahlungsleistung von

//catalog.arch
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Figure C.45: Notes from 1944 meetings of Walther Gerlach with FErnst Schiebold, Hel-
muth Kulenkampff, Rolf Widerée, Gerhard Schumann, and others involved in the devel-
opment of particle beam weapons. [NARA RG 242, Copies of Research Materials on
the Role of the German Air Force in World War II, Microfilm 15, Frames 305-310.
https://catalog.archives.gov/id/3162785337objectPage=465]
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Trotz langer Diskussion wird eine endgiltige Einigung iber
die zahlenméBige Rechnung nicht erreicht., Der Vorsitzende
stellt fest, daB an der geforderten GrdBenordnung von

1 000 000 KW nicht zu zweifeln ist, s sind also die Fragen
aufzuwerfen, ob eine solche Leistung auch wihrend kleiner
Zeiten (GroBenordnung 1 Minute) zur Verfiigung steht und in
einer Réhre untergebracht werden kann., 4ls Spannung wird
25.000,000 Volt angenommen. tcitere Iragen betreffen die
filr einen militérischen Einsatz erforderliche Z=hl von Sta-
tionen und die Zahl der ganz kurzzeitig hintereinander er-
forderlichen Bestrahlungen einer Dauer dcr oben genannten
GroBenordnung.

Prof. Kulenkampff weist noch einmal nachdricklich daraufhin,
daB fiir die von Oberst v. LoBberg geforderten Wirkungsent-
fernungen bis zu 10 km, mindestens aber 6 bis & km die er=-
forderlichen Leistungen von einer ganz anderen Grofenord-
nung sind, (¥eit iiber 100,000.0CO EW bei 25.000.000 Volt).

Nach einiger Diskussion wurde darauf verzichtet, genau fest-
zustellen, welche &nzaben dem Cuef der Technischen Luft-
ristung, Oberst Diesing (RIL), gemacht wurden., Prof, Schie-
bold weist auf eine Angahe seines 1. Gutechtens hin, dal

fiir Wirkungen von 1 bis 2 km bei 2.,000.000 Volt 100.000 Kil
erforderlich seien, Dies édndert aber nichts deran, daB die
von dem Vorsitzenden zur Diskussion vorgeschlagere Grissen-
ordnung von 1,000,000 EW die Grundlage fir die jetzige Dis-
kussion cein muss,

Die Diskussion ergibt mit aller Klarleit, daB weder dic I'er-
stellung der Spannungen, der geforderten Leistung, noch die
Hersiellung eirer Rcéhre in Betracht gezogen werden kann, da
stmtliche technischen Unterlagen hierfiir fehlen und da aus
Bekanntem nur gefolgert werden kann, daB solche Leistungen
bei solchen Spannungen und der Bau von Rdhren mit d rloo-
derlichen Widrmeabfuhr fir lange Zeit‘%¥$$§§}chbar sein wer-
den., 4n diesem Urteil hat sich seit d&@n schlédgen von Prof.
Schiebold nichts geéindert. Ls wird ausdriicklich festgestellt,
daB auch kein Veg gesgehen wird, auf welchem experimentell
eine gewisse 4nndherung an das Ziel erreicht werden kann,

Eine Priufung, ob die Gesetze, mit welchen Prof. Kulenkampff
rechnet, in dem beabsichtigten Spannungsbereich richtig sind,
wird mit der Entwicklung der Elektronenschleudern einsetzen.
Prof. Kulenkampff weist aber darauf hin, daB die von ihm be-
nutzten Gesetze samtlich aus der schon mehrere Jahre vorlie-
genden physikalischen Literatur stammen und dass nicht eigene
Ideen von ihm verwendet wurden.

Der Vorsitzende stellt abschlieBend fest, daB:

1.) kein physikalischer Effekt ersichtlich ist, welcher
die bei richtiger Diskussion iibereinstimmenden Rech-
nungen von Schiebold und Kulenkampff gritBenordnungs-
miBig édndert; -
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Figure C.46: Notes from 1944 meetings of Walther Gerlach with FErnst Schiebold, Hel-
muth Kulenkampff, Rolf Widerée, Gerhard Schumann, and others involved in the devel-
opment of particle beam weapons. [NARA RG 242, Copies of Research Materials on
the Role of the German Air Force in World War II, Microfilm 15, Frames 305-310.
https://catalog.archives.gov/id/3162785337objectPage=465]
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2.) keine aussicht besteht, den Plan von Prof. Schiebold
fur militirische Zwecke der Luftfahrt nutzbar zu
machen;

3.) auch fur militdrische Anwendungen auf kurze Ent-
fernungen (GréBenordnung einige 100 m) apparative
Aufwendungen erforderlich sind, fir welche heute
technische Unterlagen noch nicht vorliegen.
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1) Herrn Generalfeldmarschall ¥ i 1 c¢ h
Generalingpekteur der Luftwaffe, RIM, Berlin.

2) An die Herren Mitgliedes des Kuratoriums der
Forschungsstelle der Lw GroBostheim.

3) 4n den Chef der Technischen Luftriistung
Herrn Oberst D i e 8 i n g , RL¥, Berlin.

4) An den Reichsforschungsrat
z.,Hd.@, Leiters des Geschiéftsfilhrenden Beirats des RFR
Herrn Ministerialdirektor Prof. Dro M en t z el , Bln.

5) &n die Forschungsfiihrung des RAL und Ob.d.L.
z.Hd.v.Herrn Prof. Dr. Georgii, Berlin.

6) &n den wissenschaftlichen Leiter der Forschungsstelle
GroB8ostheim Herrn Prof. Dro E«. Schiebold,
Leipzig.
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Figure C.47: Notes from 1944 meetings of Walther Gerlach with FErnst Schiebold, Hel-
muth Kulenkampff, Rolf Widerée, Gerhard Schumann, and others involved in the devel-
opment of particle beam weapons. [NARA RG 242, Copies of Research Materials on
the Role of the German Air Force in World War II, Microfilm 15, Frames 305-310.
https://catalog.archives.gov/id/3162785337objectPage=465]
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Kurzer Bericht iiber die Arbeiten, welche vom Unterzeichneten und
seinen Mitarbeitern im Institut fiir rontgenologische Roh- und
Werkstofforschung im Rahmen des Forschungssuftrages DE 6224/0109/43
seit 20, April 1943 durchgefiihrt wurden.

1. Ausarbeitung der Grundlagen des Brojektes fiir die Besprechung
mit dem Herrn Generalfeldmarschall am 20.4.43.

2, Verschiedene Denkschriften und Berichte an GL/St mit Einzelheiten
meiner Flanung und Vorschlége fiir die Durchfiihrung.

3. Mitarbeit bei den technischen und organisstorischen Vorarbeiten
iiber die Auswahl des Platzes und der Einrichtung der Versuchs—
stelle GroB Ostheim.

4, Exposé liber die Bedeutung des Widerdeschen Strahlentransformators
fiir die vorliegenden Pléne und maBgebende Beteiligung an Verhand-
lungen mit Herrn Dr, Widerse.

5. Ausarbeitung der Pléne betr., Auf- und Ausbau der groBen Halle in
Gr. Ostheim, gemeinsam mit dem Biiro Prof. Tamms (Arch. Sander)
und den zusténdigen Herren vom Luftgau XII.

6. Aufstellung der Pldne fiir Installation, Telefonanlage usw,., fiir die
zundchst vorgesehenen Lgboratoriumsharacken und den Ausbau der
Unterkunf tsriume.

T. Versuch zur Einrichtung wissenschaftlicher Arbeitsrdume nebst
Feinmechanikerwerkstatt, zunichst mit dem Inventar des Instituts
fiir rontgenologische Roh- und Werkstofforschung zum Zwecke der
Vornahme dringlicher Vorversuche. Diese Einrichtungen wurden auf
Veranlassung der Forschungsfiihrung inzwischen wieder aus Ostheim
entfernt,

8. Schulung der aus der Truppe herausgezogenen wlssenschaftllchen und
ingenieurtechnischen Mitarbeiter,

9. Zusammenstellung der fiir die Arbeiten wichtigen Literatur und Aus-
arbeitung eines zusammenfassenden kritischen Berichtes iiber die
bisherigen Ergebnisse aweh auf dem Gebiete der Physik durchdringen:
der Rontgen- und Gemmastrahlen, sowie Elektronen.

10.Aufstellung von Inventarlisten und Gerédten fiir die erste Einrich—
tung von Laboratorien und Werkstdtten.

1l.Beschaffung der 1,2 Mill.Voltanlage vom Hamburger Staat.

12.Bestellung einer 2,2 iiV-Rontgenanlage bei der Fa. C.H.P.Miiller in
Hamburg .

13.Entwicklungsauftrag an die Firma C.H.F.Miiller-Hsmburg iiber einen
15 MV-Strahlentransformator Bauart Widerde..

14 .Beschaffung von Laboratoriumsbedarf und Geriten aus Beutestellen
der Iuftwaffe.

15.Wissenschaftliche Arbeit theoretischer Natur iiber die Ausbreitung
und Schwdchung harter Rontgenstreshlen in Iuft variabler Zusammen-‘
-~ setzung, Dichte und Temperatur fiir verschieden hohe Primirenergien

16.Projektierung einer GroBanodenrdntgenrshre nach eigenen Vorschli-
gen,

17.FProjektierung einer Anlage zur Erzeugung hoher Spannung und gro-
Ber Stromstérke nach dem Kaskadenprinzip auf Grund eines eigenen

o P Skt

Leipzig, den 4. Mai 1944, Prof.Dr.E.Schiebold. |

Figure C.48: Page from a 4 May 1944 progress report from Ernst Schiebold to Walther Gerlach on
the development of particle beam weapons [NARA RG 319 Entry NM3-82A, Box 6, Folder ALSOS
G-20].
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)/

2 Ausbreitung eines Elektronenstrahls in Luft
w - —_——
@
wvy
<
o - - g
= 1. Reichweite R, Der Energieverlust der Blektronen setzt sich
- . . |
zusammen aus dem Energieverlust durch Ionisationsprozesse = J
und durch Bremsstrahlungserzeugung = 8¢
dE _ dU a
& T9ees
Man kann hieraus eine feichweite R auf zweierlei Weise definie=
ren:
a) Meist wird eine mittlere Reichweite R, angegeben, die

us der Summe der Energieverluste J + S unter der Annahme be-
stimmt wird, dass diese Energieabnahme fiir jedes Elektron
des 8trahles gleichméssig ldngs der Bahn erfolgt. Wie in mei-
nem Bericht iiber die Bremsstrahlung energiereicher Elektronen
angegeben ist (Seite 6), erhilt man so

7
= (1)

=/.-7-/&4L//+-~) mit 4= U =
-~
Zahlenmissig ist fir Luft (Dichte ¢ = 0,00129)
k= 11,0 iO (U in eVolt)
Jd e 2,3 J30° Big 8 e} .10° eVolt/cm langsam steigend im
Energiebereich U = 5. .10° bis 100 .10° eVolt

Damit er'ebmn gich die Wsrte in der zwclten Reihe der folden-
den Tabelle 1,

Tabelle 1. Mittlere Reichweite R, und maximale Reichweite R
von Elektronen in Iuft
Fnergie U 10 20 30 50 75 100 200 .10° evolt
R, 42 e 100 150 200 240 370 m
R 43 79 10 5] 180 260 335 650 m

max |

mex

b) Fiir den vorliegenden Zweck scheint es mir aber richti-
ger zu sein, zunichst nur den Energieverlust durch Ionisation
J zu beriicksichtigen, weil der Energieverlust durch Bremsstrah-
lungs~Erzeugung § in einem leichten Element und bei nicht all-
zu grossen Energien keine sehr grosse Holle spielt, vor allem
aber wegen des Umstandes, dass der Energieverlust $§ nicht

NARA RG 319 Entry NM3-82A,
Box 6, Folder ALSOS G-20

Figure C.49: Page from a 27 June 1944 progress report from Helmuth Kulenkampff to Walther
Gerlach on the development of particle beam weapons [NARA RG 319 Entry NM3-82A, Box 6,
Folder ALSOS G-20].
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APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

Brforderliche Primirleistung (in Millionen kWatt) fiir
eine Dosisleistung von 10 r/sec in verschiedenen Entfer-
nungen R bei einsr Elektronenenergie U = 25 MeV.

a) Konstante Luftdichte

/‘/‘ R = i P4 ) S knm
= 1 ...\ o .A,
>,6 ,10™9en™t 8,28 B 320 150 000 ,10° kW
—'I-) Q. ¢ NN
2,0 18 ™ * 0,16 4,2 70 AR Q9 -+ W
Mittel 0,20 8,0 100 ~g0 QUOD & "

i T LRy 3 5 km
2,6 210~Ycm~t Lin s N 6 000 ,10° kW
B0 " * ), 14 2.3 30 2200 - W
Mittel 0,16 L & N N
Lleva, f6. 8- 19k k o

Figure C.50: Page from a 16 August 1944 progress report from Helmuth Kulenkampff to Walther
Gerlach on the development of particle beam weapons [NARA RG 319 Entry NM3-82A, Box 6,
Folder ALSOS G-20].
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anlage zu LA/ de=Nr 2505/ 44EAd08 VO ECT L 1)
2356 _ [
B e r ic h % ik S 3%
e Lone s 7N ot
die Arbeiten mit dem Strahlentransformator bis 15.9,1944 7
(1. Zwischenbericht).

1) Nach Fertigstellung des ersten 15 MV Transformators und einer fir
etwa 30 KV geeigneten Elekbtronenspritze kdnnten die ersten experiw
mentellen Unbersuchungen etwa Mitte Juli beginnen, Dié Elektronen
wurden damals nach meinem Vorschlag von auBen eingeschossen und
oine richtige Strahlfiihrung mittels elektrostatischer Felder sowie
dureh Schwenkung der gesamten Elekbtronenspritze erreicht., Unser Are-
beitsprogramm war daher das folgende:

a) Untersuchung iiber das HEinfiihren der Elecktronen.

b) Erhthung der mittleren Strahlleistung mittels einer magnetischen
Lingenwicklunge.

Nach einigen Vorversuchen gelang e¢s, die Elektronen etwa 1 - 2 mal

in der Beschlounigungsréhre herumzufiihren, wern der Magnet mit Gleich=
strom magnetisi wurdes Der 'l‘rans:toma'éor wurde dann mit Wechsels
strom erregt und die Suche nach harten Rintgenstrahlen mit Hilfe eines
Rintgenstrahlmefgerites ( z,_l_alrohr aus Plexiglas nach Treost mit einer
Empfindlichkeit von etwa 10~C r/sec) begonmen, Gleich im Anfang wurde
dabel eine Strahlung festgestellt, die, obwohl sie nicht von der Anti-
kathode ausging, doch anscheinend die Bigemschaften der gesuchten
harten Strahlung besaB ( ziemlich scharf begrenztes Bindel). Als wir
nihere Untersuchungen machen wollten, brammbe leider die Gliihkathode
der Elektronenspitze durch. Als diese, sowie auch einige weitere tech=
nilsche Stérungen, beseitigt waren, zeigbe sich sofort, daf die Strah=
lung, entgegen unserer ersten Annahme, von den 30 KV Klektronen der
Elektronenspritze herriihrten.

Obwohl das EinschuBverfahren durch Anderungen der Ablenkplatten uswe
noch giinstiger gestaltet werden konnte, wurden in den folgenden Tagen
keine harten Réntgenstrahlen featgeateilt. Aus diesem Grunde wurde am
7+August das folgende neue Arbeitsprogramm festgelegbe.

a) Un die :r.-j.c:.l:d;i.iaa1 #usbildung der magnetischen Felder zu untersuchen,
8oll sofort eine E}ektronenspritze nach Kerst eingebaut werden
(eine entsprechende Glesrihre war schon im Mai von Nerrn Kuntke
bestellt worden)e.

b) Die Nachweismethode der Strahlen sollte empfindlicher gemacht
werden, sodaB einmelne Quanten noch beobachtet werden kéanten.

¢) In der Zwischenzeit wollte Dr, Kollath die bisherigen EinschuBverw
hiltnisse noch genauer untersuchen.

Die letztgenannte Untersuchung ergab, das man durch eine verbesserts
Strahlfiihrung offenbar die Hlektronen zum mehrmaligen Umlaufen in der
Rohre brinf-n konnte (die Rihrenwinde leuchteten dabei auf dem ganzen
Unfang gleichmiBig stark auf), mit dem StrahlenmeBgerit lieBen sich
uber auch in diesem Falle keine harten Réntgenstrahlen nachweisenr.

Nach der Ansicht von Dr.Kollath waren die Vakuumverhiltnisse nicht so
t, daB eine Elektronenbeschleunigung nc‘igli@h gewesen wire, Wihrend
er Versuche war _gas Vakuun(noeh vor d Shrenzuleitung gemessen)
etwa 4 bis 20,1077 Po#r. Die spiteren Yersuche haben diese Vermutung
voll bestitigh, eine Beschleun gu.ng ist beli 50 Nz offenbar mur mige
lich, wonn das Vakuum - 1,10~2 Torr betrigh.

Bei Weiterfilhrung der EinschuBversuche muB somit zunichst die Réhre
fiir glinstily Vakuumbedingungen umgebaut werden und insbesondere

die schwe Verbind der Elektronenspritze mit der Beschleuni =
gungsrihre unbedingt vermieden werdens

2) ccesw

Figure C.51: Page from a 15 September 1944 progress report from Rolf Widerde to Walther Gerlach
on the development of particle beam weapons [NARA RG 319 Entry NM3-82A, Box 6, Folder
ALSOS G-20].
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o~ Dr.Rolf Widerbe Hamburg, den 4. 12. 1544
= Hambur g-Fuhlsbiittel
|
oy
o
T~
)
v
< PR 1
—

o [ & fo t
a2 | Leiter dev byl
,‘% i Zinpgang Eie

2 Herrn ' ARG R G
Professor Dr. Wo Ger 1l ach, i Anl beanfvortet

| S
(130) M iin chen 22
Ludwigstrasse 17
/
Sehr geehrter Herr Frofessor, ¥
r wir haben bei unseren Arbeiten eine Beobachtung gemacht, die

ich Ihnen mbglichst schnell berichten mdchtes

Wihrend des letzten lonats heben wir mit ziemlich starken
Strahlintensitidten gearbeitet. Widhrend dieser Zeit habe ich, nach
unseren bisherigen Messungen gerechnet, wohl einige r‘ﬂ bekommen
(Dr.Kollath etwas mehr). Diese Dosen sollten viel zu klein sein,
um biologische Wirkungen hervorzurufen.

Bei der letzten Blutuntersuchung zeigten sich indessen bei mir
deutliche struktuelle Verdnderungen der Leucocyten. Dr.med.Kruse
(Krankenhaus St.Georg) hat uns untersucht und verfolgt den weiteren
Verlauf dieser Erscheinungen.

Die Erscheinung kann nur dedurch erklért werden:

1) DaB unsere MeBinstrumente doch zu wenig angeben @iberschlﬁglii;e
(- Berechnungen ergeben den Faktor 3 zu wenig )
2) DaB unsere Strahlung wesentlich stérkere biologische Wirkungen

<ﬁ
L\
0? 33 haben muB, als man annehmen sollte.
er) cb Wir bitten Sie, dies Erscheinungen flen anderen mit dhnlichen Gerdten
:; W arbeitenden Herren mitzuteilen, um Schéden durch Unvorsichtigkeiten
Z O zu vermeiden. Wir selbst werden sofort MaBnahmen zur Herabsetzung
E? 72} der Strehlengefahren vornehmen.
N
= j Mit freundlichen GriiGen
= :

n :.qu.a—d:-&__..
- @ z . W

b TR W A A

; E P.S. Wir erwarten in den nichsten Tagen den Besuch von

=] Prof.Dénzer und Gentner, die verschiedene Fragen iiber die
O = Elektronenschleudern mit uns besprechen wollen.
= '

» / 12 4 ’rr"ﬁ p

S s (3 . —n y
= & , : A bisd £ & o

Figure C.52: Page from a 4 December 1944 progress report from Rolf Widerde to Walther Gerlach
on the development of particle beam weapons [NARA RG 319 Entry NM3-82A, Box 6, Folder
ALSOS G-20].
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[Many other German reports captured by the U.S. Alsos Mission also show that there was exten-
sive work throughout the war on particle accelerators, especially types of accelerators that would
have been highly suitable for electronuclear breeding of fission fuel. (See Appendix D for more
information.) Unless otherwise noted, text for G-series captured German nuclear reports cited here
consists of the English-language abstracts prepared by American scientists who studied the German
reports.]

G-4. W. Wiebe. The Cyclotron as a Method of Accelerating Light Ions. A Survey of
the Literature and Report on the Construction of a Cyclotron at the University of
Bonn. G-123. W. Wiebe. Investigation of the Construction of a Cyclotron.

Comprehensive literature survey of cyclotron theory and operation as well as a report on the
construction of a cyclotron at the Roentgen Research Institute of the University of Bonn. Some
results obtained with this cyclotron are also included.

G-187. W. Schmitz and W. Wiebe. Technical Experiences in the Construction of the
Bonn Cyclotron. 1942.

Brief description of some features of the Bonn cyclotron which has been put into partial operation.
Because of financial restrictions, magnet has 50 cm pole diameter. It is air cooled, 2000 windings, 3
amp/mm?, 10,000 Gauss. Temperature rise after 1 hour operation = 50° which increases resistance
of copper 15%. Homogeneity between the cylindrical poles = 1.6; with shimming, field strength
is 20% higher in the slits (5 mm). Descriptions also of the current regulator, the high frequency
generator, and the Dees.

G-204. Walther Bothe. Radiation Shielding Walls. 1943.

Analysis of shielding required for a cyclotron (8 MeV) operated with deuterons and the operator 8
m from the apparatus.

G-205. Walther Bothe. The Research Tools of Nuclear Physics. 1943.

General semipopular lecture delivered before German air force personnel describing the various
particle accelerators used in nuclear physics including cascade transformers, electrostatic generators,
Van de Graaff accelerators, cyclotrons, rheotrons, and also the uranium pile. Concludes with plea
for needed personnel.

G-209. Walter Diéllenbach. Patent Application and General Correspondence with the
German Patent Office on a Particle Accelerator. 1943.

This is not a complete report on a particle accelerator but rather a patent application on certain
features of the proposed unit.

[Déllenbach was a Swiss physicist, but the German government funded his own research center,
Forschungsstelle D, for the development of high-energy particle accelerators during the war [Dippel
1992; Burghard Weiss 1996].]
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G-232. H. Lange and K. Fink. The Possibility of Saving Material in Building Cyclotron
Magnets. 1943.

A general manual on the design of 15,000 gauss cyclotron magnets giving data on pole diameters
(ranging from 100 to 120 cm), pole gap (20 to 40 cm) and the efficiency of various materials as
windings. Special emphasis is laid on the use of aluminum wire as a substitute for copper.

G-247. Otto Baier. Report on the Design of the Vacuum Tank and Oscillator for the
Cyclotron of the Physics Section of the German Post Office Department Research
Institution. 1944.

Vacuum tank with radiation chamber, ion source and probe, deflector, electrode dees and their
mounting, are described, also the oscillator and the flange connecting the oscillator tank with the
main vacuum tank, and the mechanism for introduction of the target. Plans for this equipment are
illustrated.

G-255. Siegfried Fliigge. Observations Concerning the Theory of the Rheotron. 1944.

A rheotron is a particle accelerator built on the principle of a magnetic field variable in time
producing a circular electric field. Charged particles with very high energies result if the magnetic
power increases until the desired energy of the particle is reached, and if the accelerated particle
keeps a circular path of the same diameter. Equations are computed for the electron path, energy
increase, stability of the path, and axial and radial oscillations. The path traveled by the electrons
is figured to be several 100 km. Interactions with the vacuum atmosphere are considered.

[Richard Gans and Heinz Schmellenmeier did considerable work on rheotrons during the war
[Waloschek 2004, pp. 33-64].]

G-282. H. Salow. The High Frequency Circuit for a Cyclotron. 1944.

A method to achieve a high potential (100 kV or more) with the least high frequency energy output,
allowing for a resonance wave length range of 26-30 m for the accelerated particles, and a capacity
of the dee electrodes of about 100 c¢m is discussed. Various possible high frequency systems are
examined, namely the L-C circuit (inductance L completing the capacity to an oscillating circuit),
concentric double circuits, and a shielded double circuit system. Energy losses of the circuit and
coupling of the feeding line are considered.

G-284. Ernst Schiebold. On the Possibility of Biological Effects of Shortwave X Rays or
Gamma Rays, Using Specially Constructed X-Ray Tubes, at Long Distances. Lecture
Given at the Meeting of the Kuratorium of the German Air Force Research Institute
Grossostheim. 6 May 1944.

This is a detailed discussion of the possibilities of using x irradiation and electrons in radiological
warfare over long distances. The report is not based on experiments but entirely on estimations.
Construction of x-ray tubes, scattering and absorption in air, intensity decrease due to various
factors, dosage, etc. are discussed.
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G-286. W. Schmitz and A. Weckesser. Investigations of High Frequency Currents for
Construction of a Large Cyclotron. 1944.

In very large cyclotrons the potential distribution in the acceleration gap between the dees is
no longer constant. In order to obtain information on the voltage increase to be expected, mea-
surements of potentials were conducted on a model of decreased size with wave length shortened
accordingly. An improved wiring and oscillator system are designed. A procedure is developed for
calculation of the effect of the increase in potential on the particle path.

G-292. W. Wiebe. Consideration for Construction of a 80 Million Volt Cyclotron.
1944.

Considerations on construction of a large cyclotron include calculations concerning magnetic field
focusing, relation between magnetic field and particle path, relative increase in mass and resonance,
and design of vacuum chamber and voltage source. |[...] For production of the desired particle path
a magnetic field of 17,610 maximal and of 7450 gauss minimal strength is calculated to be needed.
The diameter of the poles is figured to be 175 cm, iron weight of the magnets is anticipated as 1500
tons. The path of the deuterons would have a total length of 2500 m, deuterons of 80 MeV and
alpha particles of 160 MeV can be produced.

FA 002/0384. Letter from Rudolf Fleischmann to Maurer. 10 February 1943. Archive
of Deutsches Museum Munich.

Fleischmann visited Mentzel on Jan. 28 and heard that Esau had been put in charge of nuclear
physics by the Reichsmarschall. From Siemens man, he heard that Siemens has been constructing
since four years a large cyclotron with 1.60 meter diameter. He did not say for whom. There can
be hardly any doubt that it is for an organization of the armed forces. Is this the large cyclotron
for WaF?

FA 002/0362. Letter from Maurer to Rudolf Fleischmann. 12 January 1943. Archive
of Deutsches Museum Munich.

[...]The two people from the Reichspost were here. Their magnet gives only 16,000 Gauss, 160 mm
gap, diameter 1080 mm. They hope to get 10 million volt.

FA 002/0362. Letter from Maurer to Rudolf Fleischmann. 5 March 1943. Archive of
Deutsches Museum Munich.

Esau and Bothe have left Paris. Maurer was present at a discussion between Esau and Bothe.
Maurer pointed out to Bothe the egotistic behaviour of the firm of Siemens and that he regrets
that Fleischmann as nuclear physicist has to go empty handed whereas the Reichspost and Siemens
are allowed to build with mere beginners. Maurer asks what is going to happen with the second
Siemens magnet. |...] Bothe is no end fed up.
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[After the war, Allied investigators wrote several reports about particle accelerators they found in
Germany or former German-controlled territories.]

BIOS Misc 77 = NavTechMisEu 331-45. FEuropean FElectron Induction Accelerators.
[https://www.cdvandt.org/BIOS-Miscell-77.pdf]

SUMMARY

Betatrons, induction electron accelerators for the production of high energy x-radiation, were under
development in Germany during the war and are also to some extent at present. This work is
reviewed for the most part and details are given on the constructional features of 6 and 15 million
volt betatrons and on the theory and design of 15 and 200 million volt betatrons. The smaller units,
especially the Siemens 6 Mv are quite successful and more advanced than comparable American
units. While no large machines were actually built the projected 200 Mv Wideroe design introduces
new features of value. Betatron patent ideas are reviewed.

I. Introduction.

A. History of Betatron Developments on Continent.

The first work on the subject of electron induction acceleration which appeared in Europe was the
doctoral dissertation of Rolf Widerde of Bergen, Norway, which appeared in 1927 and was published
in print the following year. |...]

Developments on the continent have been based on Wideroe’s work. The basic ideas were by Steen-
beck in his patents of 1937 [...] in which the necessary properties of the magnetic accelerating and
guiding fields are formulated.

An induction electron accelerator was built on these principles and tried with success, it is claimed,
although the intensities of radiation produced were only of cosmic ray intensity order. |...]

The betatron development was carried out by three separate groups. One was the Megavolt Ver-
suchsanstalt (MVA) or Megavolt Research Association which worked under the guidance of Dr.
Widerde. Siemens and AEG also had projects. MVA laid plans for a 15 Mv and a 200 Mv accelera-
tor. The former was begun early in 1944 and brought to successful completion in the fall of the same
year. The design of the 200 Mv accelerator was completed about this time and the construction
work turned over to the Brown Boveri firm in Heidelberg. Recent investigation showed that MVA
had no further connection with this project.

The basic ideas underlying the design of these two induction accelerators were published by Widerde
in two papers. These discuss the special problems involved such as axial and radial stabilization
by properly designed guiding fields, injection and extraction of electrons, the useful load of the
apparatus, the maximum electron filling of the acceleration chamber, dependence on injection
voltage (using auxiliary lens system), the stabilization of electronic orbits with electrical lenses,
especially for high radiation energies, the effects of gas molecules, technical transformer construction
details for high energy production, and finally the fields of application of the betatron: cancer
treatment, radiography, and nuclear physics.
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In collaboration with the design work of Widerde, a considerable amount of theoretical work has
been carried out by Touschek. This is known to have been of invaluable aid in the development of
the 15 Mv accelerator. Further theoretical work has also been done by Touschek in the starting of

electrons in the accelerator. |...]

BIOS 1730. Industrial Electrical Research in Germany. pp. 91-94, 133—-136.

A betatron having an output of about 15 MeV, .01 Rontgens per second at 1 metre, is in working
condition at this place [M.V. Forschungs-Vereinigung]. An outline of the design in Fig. 39 has been

prepared from sketches from a drawing at Wrist.

The following particulars were provided by Touschek:—

Operating frequency
Orbit radius.

Core details:—
Length
Height.
Radius of centre core.
Pole pieces have inner dia.
7 ” ” outer dia.
Air gaps of centre core.
” 7 between pole pieces.
Cross section of main yokes.

Weight:—
Iron.
Copper.

Magnetic circuit particulars:—
Max. induction in core.
Average induction with orbit
Induction at orbit (R=14 cms).
Max. induction in yoke.

Main Coils:—
Current.
Voltage.
KVA.
Ampere turns, peak
Volts per turn.
Cooling.
Copper losses.
Iron losses, core
77 poles.
yoke.

7 7

Power factor correction condenser.

50 cycles per second.
14 cms.

92 cms.

56 cms.

11 cms.
27.6 cms.
29.8 cms.

2 cms.

6 cms.

13 x 32 cms.

816 Kg.
188 Kg.

11,300 gauss.
7,400 gauss.
3,700 gauss.
10,200 gauss.

48 amps. R.M.S.
4,780 volts.

230

19,000

17.1

By air.

500 Watts

156 Watts.

150 Watts.

960 Watts.

33 MFD at 5000 volts.
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The core is built up from low-loss transformer steel; a loss figure of 1.1 watts per Kg, at 10,000
gauss, 50 cycles per second, was quoted. Ten different sizes of radial laminations, each 0.35 mm.
thick, are used in the core. A lower grade of transformer steel is used for the yoke.

The “doughnut” is of glass (Pyrex type), built up from two semicircular moulds, and is continuously
pumped. The internal surfaces are aquadag coated. The resistance of the aquadag coating measured
across a diameter was understood to be 30 ohms.

An approximate sketch of the gun, and target carried on the gun is given in Fig. 40. The current
at injection has an average value of 0.125 mA. and a peak value of 12.5 mA, approximately. It was
stated that about 10% of the injection current arrived in the orbit. An injection pulse time of about
2.0 microseconds was aimed at, but the actual time achieved was about 250 microseconds. With
the present betatron up to 30 MEV has been obtained.

The characteristic at the orbit was stated to be H = K r~%. The expansion of the orbit is by
magnetic saturation; expansion onto the target takes place after about 60 degrees from flux zero.

In order to utilise the maximum change of A.C. flux, a D.C. biasing scheme is proposed, using a D.C.
bias winding embracing the pole pieces in the manner shown in Fig. 41. The bucking transformer
shown is to compensate for the induced e.m.f. caused by A.C. flux which links with the added D.C.
winding.

A scheme for getting electrons out of the chamber was briefly described. Two additional sets of
electrodes would be placed in the doughnut. The first electrode at a potential of some kV would
upset the stability conditions so that electrons would leave the stable orbit, and be directed to a
pair of electrodes (plates) which would deflect the electrons further from the orbit and focus them
into a beam, which then leaves the doughnut in a linear manner. The apparently optimistic figure
of 60% was mentioned as the number of electrons which would be removed from the orbit and given
a linear path.

]

Two betatrons were seen at the Erlangen works of the Siemens Reiniger concern, one in running
condition and the other very nearly complete. Both are for providing X-rays corresponding to 6
MEV.

The essential particulars of the completed betatron are as follows:—
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Output—6 MEV; X-ray output 0.2 rontgens per minute
—15 gr. radium at 1 metre.

A.C. supply frequency. 550 cycles/sec.
Orbit radius. 8.3 cms.
Target radius. 11.0 cms.
Injection radius 6.3 cms.
Injection current (mean) 1.0 milliamp.

(5 milliamps possible)
Voltage at injection. 4000/5000
Injection time. 10~° second.
K.V.A. to main coils 300

(100 amps 3 KV. to give 6 MEV).
Expansion time. 2 x 10~ second.
X-ray time. 5 x 1075 second.
Vacuum (see curve Fig. 69) 3 x 107° mm.
Current in orbit 5x 10~7 amp.
Approx. characteristic at orbit. Hr1/2
H at orbit. 1400 gauss.
Total losses, approximately. 3 KW.
Copper losses. 800 watts.

Doughnut; Ceramic in two main disc sections, metallised
and soft soldered; pumped, (see Fig. 68)
Iron circuit; overall dimensions 26” x 8” x 19” approx.

For details of pole pieces (see Fig. 68) the outer annulus comprises about 2000 suitably shaped
laminations, as A, bent to fit to the required diameter. Inside A is a core section B built up of
radially displaced laminations, similarly bent. The central section C is made up from small packets
of strip laminations about 2 to 3 mm. wide, total of about 11,000 strips. All of these laminations
are of ordinary silicon steel 0.3 mm. thick. Shims G of magnetic dust materials are place between
B and a ribbed bakelite spacer H, possibly to allow for cooling. The assembly of pole pieces, etc.,
and the doughnut comprises one unit which can be inserted or withdrawn from the main core and
coil assembly without disturbing the latter.

The orbit is expanded into the target by auxiliary coils energised from a thyratron circuit, which
serves to discharge a 2 MFD condenser at 1000 volts through these said coils. The circuit arrange-
ment is shown in Fig. 70.

The main magnetic circuit is water cooled, the conductors being a number of strands of Ltz wire
wound round brass tubing through which water flows.

Siemens Reiniger have another betatron of similar physical size and rating nearly completed; it is
for operation on a 50 cycles supply.

S.R.W. have apparently paid appreciable attention to conditions at injections and had built a model
to study the effect of various types of gun. A constant field is evidently applied to the model and
the adjustable fluorescent screen; a number of viewing windows are provided in the chamber.
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Figure C.53: 15 MeV betatron [BIOS 1730].
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Abb. 2. Photo des 15-MV-Betatrons.

Figure C.56: Top: 6 MeV betatron, now on display in the Deutsches Museum Bonn, with a mass
(given by the museum) of 272 kg. Bottom: 15 MeV betatron.
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BIOS 201. Visit to C.H.F. Muiiller AG Roéntgenstr. 24 Bahrenfeld, Hamburg.

[...] Miiller had built in conjunction with a Norwegian scientist [Widerde], a 15 million volt Betatron.
This has been moved to Wrist. Dr. Fehr stated that this had been experimented with for the
Luftwaffe with the hope (?) of obtaining a death-ray for anti-aircraft work. [...]

BIOS 212. Ultra-sonic Research and Development in X-Ray Equipment. Siemens-
Reiniger Werke, AG Erlangen.

[...] Another source of hard X-rays was a very efficient betatron that was built in Dr. Gund’s
laboratory. Using a 550 cycle supply energies up to 6 Mev. were obtained. The anode used was
of gold and a thermocouple attached to it acted as a measure of the current intensity. 20% of the
electron energy was assumed to go into radiation. The radiation intensity was equivalent to about
12 gm. of radium. [...]

[See also:

BIOS 148. German Betatrons.

CIOS XXVIII-31. Investigation of the X-Ray Industry in Germany. (See pp. 3957-3970.)

FIAT 534. Betatron Development in Germany.

After the war, two scientists who worked on the 15 MeV betatron published a paper about it:

Rudolf Kollath and Gerhard Schumann. 1947. Untersuchungen an einem 15-MV-Betatron. Zeitschrift
fiir Naturforschung 2a:634-642 [http://zfn.mpdl.mpg.de/data/Reihe_A/2/ZNA-1947-2a-0634.pdf].

See Fig. C.57.]
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R.EOLLATH UND G.SCHUMANN

Untersuchungen an einem 15-MV-Betatron

Von Ruporr Korrath und GErRHARD ScHUMANN®
(Z. Naturforschg. 2a, 634—642 [1947]; eingegangen am 22. Mai 19047)

Aufbau und Wirkungsweise eines 15-MV-Betatrons werden kurz geschildert; im An-
schlub daran wird iiber einige Untersuchungen berichtet, deren Ziel die Kenntnis der

Eigenschaften und der Nachweis des richti

gen Funktionierens des Geriites war, um die

Voraussetzungen fiir geplante Neukonstruktionen zu schaffen.

nter einem Betatron wird bekanntlich ein
Kreisheschleuniger fiir Elektronen verstan-
den, bei dem die Beschleunigung durch das elek-
trische Wirbelfeld hesorgt wird, das einen sich

. |
20
Ny

L

&0

J
a 100 cm

Gleichgewichtskrels

zeitigvon B.Touschek verschiedene theoretische
Untersuchungen durchgefithrt wurden.

Die Mehrzahl der Messungen wurde in Wrist,
Mittelholstein, durchgefiihrt, wohin der Apparat
gegen Kriegsende verlagert wurde® Die
Arbeiten konnten nur bis Dezember 1945
fortgesetzt werden, so daB noch viele
Fragen offen gebliehen sind.

I. Aufhau und Betriebsdaten
des 15-MV-Betatrons

Abb.1 gibt eine Ubersicht iiber die Ge-
samtanordnung. Zwei Doppelspulen Sp; und
Spe erzeugen im Kern K, der mit einem Luft-
spalt versehen ist, den induzierenden FluB
und gleichzeitig das magnetische Steuerfeld

Abb.1. Malistibliche Skizze
des 15-MV-Betatrons. a) Auf-
riff (Spulen, Polschuhe und
Ringriohre geschnitten).
b) Horizontalschnitt durch
die Mittelebene (ohne Ring-
rohre). ¢) Seitenril.

¥ .|IH

Bg zwischen den ringférmigen Polschuhen Py,
die einen mittleren Abstand von 6 cm haben.
In der Mitte zwischen den Steuerpolen ist
durch einen Punkt der ,,Gleichgewichtskreis*
bezeichnet, auf den der ringformige Elektro-
nenstrahl sich im Verlauf der Beschleunigung

dndernden magnetischen Flufl umschliefit. Die Elek-
tronen werden dabei dureh ein mit dem erwihnten
magnetischen Flul gekoppeltes magnetisches Fiih-
rungsfeld auf einer Kreishahn gehalten. Wegen
der Grundlagen sei auf die Literatur verwiesen®.

Ein solches Befatron zur Erzeugung von Elek-
tronenstrahlen einer Energie von 15-10%eV wurde
Anfang 1944 in Hamburg von R. Widerie be-
rechnet und in Gemeinschaft mit der Firma C. H,
F. Miiller, Hamburg, durchkonstruiert und auf-
gebaut® Im Sommer 1944 wurde es von Widerie
und Kollath in Betrieb gesetzt, wobei gleich-

* (17a) Neckarzimmern, Luttenbachtal.

1R Wideroe, Diss. T.II. Aachen 1927; Arch.
Elektrotechn. 21, 387 [1928]; Steenbeck, DRP
656378 u. 698867 [1937]; D. Kerst, Physic. Rev.
60, 47 [1941]; Kerst u. Serber, Physic. Rev. 60,
53 [1941] uw.a. m.

Figure C.57: Paper on

zusammenzieht. Zwischen den oberen und
unteren Polschuhen liegt die toroidférmige
Vakuumrihre, in welcher die Elektronen beschleu-
nigt werden. Ein Eisenjoch J schliefit den magneti-
schen Kraftflul des Kerns und der Steuerpole. Der
Kern ist aus radial geschichtetem Trafoblech aufge-
baut, die Polschuhe ebenfalls, wobei die Bleche zu
Paketen zusammengefallt sind (Abb.1b). Das Joch
hesteht aus 4 Teilen, die mit Hilfe von U-Eisen gegen-
einander verschraubt sind. Uber dem Apparat befin-
det sich ein Flaschenzug, mit dem nach Losung der
Verschraubungen der obere Teil des Joches mit obe-
rem Kern und oberem Steuerpol nach oben weggeho-
hen werden kann, um die Ringriohre einsetzen und an
ihr hantieren zu kinnen. Der gesamte Apparat ist
auf einem Tisch aufgebaut. Eine Anschauung von

2 Wir danken den HIIrn. der Fa. C. II. F. Miiller
fiir jederzeitige tatkriftige Unterstiitzung und ihr
Interesse an dem Fortgang der Arbeit.

3 Wir mochten auch an dieser Stelle IIrn. Fabrik-
besitzer Richard Seifert, Hamburg, dafiir danken,
daB er uns stets hereitwilligst seine Hilfe zur Ver-
fiigung gestellt hat.

the 15 MeV betatron.
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George B. Davis to Francis J. Smith. 7 July 1945. Subject: JANISZEWSKI, Raman.
Ref No SAIC/PIR/31 [NARA RG 77, Entry UD-22A, Box 167, Folder 32.12-2 GER-
MANY: Personnel (Jan 45-Dec 45)].

Attached is a copy of an interrogation report which indicates that PW [prisoner of war| has some
knowledge along TA [tubealloy, or nuclear| lines. I have written to Captain Speer and asked him to
arrange to intercept any reports of interviews of this man which might jeopardize TA security. We
have made no arrangement to have him interviewed on our behalf as he does not appear to have
been engaged in TA during the war.

Paul Kubala. 26 June 1945. Ref No SAIC/PIR/31. Seventh Army Interrogation Cen-
ter. Preliminary Interrogation Report [NARA RG 77, Entry UD-22A, Box 167, Folder
32.12-2 GERMANY: Personnel (Jan 45-Dec 45)].

SOURCE: JANISZEWSKI, Raman, Scientist

1. PERSONAL DATA

Subject was born in 1891 in JANOWICE, Poland and studied engineering in POSEN and BERLIN.
He devoted most of his life to research, ranging from mechanics to atom smashing. He had his own
laboratories in WARSAW and POSEN and claims to have patented 86 inventions so far. In 1927
he was called by the President of Poland and received a secret assignment which he is unwilling to
describe in any greater detail other than that it concerned research on war materials.

Source developed an apparatus to radio-activate metals, especially mercury. He claims that the rays
produced by this machine black out radio waves, offset magnets, and have a deadly paralyzing effect
on humans. He claims this machine is especially important in that it destroys the function of the
gyroscope. Source declares his willingness to disclose all details of this machine and demonstrate
it at his laboratory in the TYROL. He states that the secret of this machine has not fallen into
German hands.

2. ADMINISTRATIVE DATA

Source was arrested by 103 MP Det, arrived this CENTER 24 May 45 on authority G-2, Seventh
Army. Documents: blueprints and patent for tire-changing apparatus; papers on radio-activation of
metals; and on invention of a special ignition coil.

3. KNOWLEDGE BRIEF

a. Details on radio-activation of metals, and atom smashing.
b. Tire-changing apparatus.

c. Other inventions.
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4. INTERROGATION PLAN

Interrogation will be withheld until an expert in his field can exploit prisoner’s knowledge.

5. COMMENTS AND RECOMMENDATIONS

It is suggested that subject be interrogated by a technical expert. The recipients of this report are
requested to submit special briefs of any subject upon which this man should be interrogated.

[Igor Witkowski received significant publicity for his claims that a mysterious German device called
“die Glocke” or “the Bell” was built and tested in Poland during World War II [Cook 2001;
Witkowski 2010, 2011, 2012, 2013; https://igorwitkowski.com/english.html]. Witkowski’s claims
about the Bell have been repeated by numerous books, television programs, and websites and have
taken on a life of their own. As far as I am aware, Witkowski’s personal statements are the only
source of information that the Bell even existed, let alone what its historical and technical details
were, and he has never presented any documents to substantiate his claims.

All of Witkowski’s original books and articles are in Polish. Only a few of his books have been
translated into German or English [Witkowski 2010, 2011, 2012, 2013]. Another Polish author,
Bartosz Rduttowski, analyzed the complete history of Witkowski’s Polish writings and statements
in considerable detail, and made what sounds like a very credible case that Witkowski simply
invented the story of the Bell [Rduttowski 2012b]. Even in the most charitable interpretation, the
story of the Bell came to Witkowski from a source, who got it from another source, who likely got
it from another source, none of whom were scientists, so one would expect the technical details to
have gotten garbled along the way, as in the children’s game of telephone.

The above interrogation report on Raman Janiszewski (see also Fig. C.58) has a few details that
seem similar to some of those in Witkowski’s Bell story: a device was developed in Poland during the
war, it involved mercury, and it produced various strange and dangerous effects in its surroundings.
The Janiszewski interrogation report does not say that the device was bell-shaped, or give any other
details that have been claimed by Witkowski. It is not clear if the similarities are a coincidence, or
if Witkowski used actual information such as that from Janiszewski and then added many fictional
elaborations to the story, or if there may actually be some historical reality to the story of the Bell
after all.

Even limiting the discussion to the Janiszewski interrogation report, it is not clear how credible
Janiszewski was, how his device worked, and whether it would actually produce any of the variety
of effects that he attributed to it. The Manhattan Project foreign intelligence officials, George Davis
and Francis Smith, seemed to take his claims seriously though.

Can other information on Raman Janiszewski’s background, his research, and his interrogations be
located? Can any other similar documents be found?]
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PRELIMINARY INTERROGATION REPORT

SQURCE: JANISZEWSKI, Raman, Scientist

1. PERSONAL DATA

Subject was born in 1891 in JANOWICE, Poland and studied engineering in POSEN and
BERLIN. He devoted most of his life to research, ranging from mechanics to atom smash-
ing. He had his own laboratories in WARSAW and POSEN and claims to have patented
inventions so far. In 1927 he was called by the President of Poland and received a
secret assignment which he is unwilling to describe in any greater detail other than
that it concerned research on war materials.

Source developed an apparatus to radio-activate metals, especially mercury. He
claims that the rays produced by this machine black out radio waves, offset magnets,
and have a deadly paralyzing effect on humans. He claims this machine is especially
important in that it destroys the function of the gyroscope. Source declares his
willingness to disclose all details of this machine and demonstrate it at his
laboratory in the TYROL. He states that the seeret of this machine has not fallen
into German hands.

2. ADMINISTRATIVE DATA

Source was arrested by 103 MP Det, arrived this CENTER 24 May 45 on authority
G-2, Seventh Army. Documents: blueprints and patent for tire-changing apparatus;
papers on radio-activation of metals; and on invention of a special ignition coil.
3. KNOWLEDGE BRIEF

a. Details on radio-activation of metals, and atom smashing.

b. Tire-changing apparatus.

c¢. Other inventions.
4. INTERROGATION PLAN

Interrogation will be withheld until an expert in his field can exploit pris-
oner's knowledgs.

5. COMMENTS AND RECOMMENDATIONS
It is suggested that subject be interrogated by a technical expert. The reci-

plents of this report are requested to submit special briefs of any subject upon
which this man should be interrogated.

PAUL KUBALA,

Maj, MI,

Comman -
SECLRE: sJimSeoiVin i,

Figure C.58: Preliminary interrogation report on Raman Janiszewski [NARA RG 77, Entry UD-
22A, Box 167, Folder 32.12-2 GERMANY: Personnel (Jan 45-Dec 45)].
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Paul E. Todd, U.S. Air Forces in Europe, U.S. Air/Air Ministry Branch, to Assistant
Chief of Staff, A-2, Headquarters, USAFE. 19 November 1946. Activities Report (11
through 16 November 1946). [AFHRA C5088 electronic version p. 957]

[...] (4) X-Death Ray report completed and forwarded, thru channels, to Assistant Chief of Staff,
A-2, USAFE, A.D.I. (Science), Mr. Gerrard, and Joint Intelligence Bureau, Major Rushmore. [...]

[What German X-ray directed energy weapon was important enough and sufficiently well developed
by the end of the war in Europe that the U.S. Army Air Forces was still writing a report on it 18
months after the war ended, and forwarding that report to high levels?

Can a copy of this report be located now?]
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C.2 Electromagnetic Pulse

[Several Allied intelligence reports described the development and successful testing of some sort
of German electromagnetic pulse (EMP) weapons capable of knocking out the electrical systems of
engines, or other electrical devices. A nuclear explosion will generate a large EMP, but the German
EMP generators described in the reports appear to have been non-nuclear. Many countries now
have non-nuclear EMP weapons in their arsenals.]

Extract of Information—Source: Letter #1172/EM, 11 Mar. 1944 to Col. H. A. Kenyon
from Col. A. J. P. Le Bel. [AFHRA A1263 frame 213]

Notable Incidents.

a.) On November 19, on the outskirts of Lens at 5:30 P.M. a British Plane was downed with no
apparent struggle. The plane was flying normally when all of a sudden, it pitched to the ground
and was crushed.

b.) English pilots, interned in Switzerland, have declared that as they flew over the Eastern part
of France their apparatus had been deranged—also—reports have pointed to the fact that centers
for the transmission of these rays have been installed at Ardennes.

These two facts lead us to surmise that the Germans have experimented with their secret weapon
and that these rays or waves are capable of hampering Electric parts of plane motors and to disturb
the apparatus on board.

Report Received from G-2, 12 April 1944 and Filed in Ski Site File.

Allen W. Dulles. 1 September 1944 OSS report. [Allen W. Dulles Papers: Digital Files
Series, M C019-09, Public Policy Papers, Department of Special Collections, Princeton
University Library. https://findingaids.princeton.edu/catalog/MC019-09_c015
Correspondence_General _English_1942-1974_and_undated

1940s 19440901_0000031626.pdf]

Sorrel reports that Breakers messenger on his last trip to Switzerland around July 10th, referred to
a new secret weapon. This weapon is reported to consist of an apparatus by which the operation of
motors in planes and tanks can be interrupted through some kind of secret long-distance interference
by rays or waves. At the same time it was reported that experiments with this secret weapon had
been successfully concluded and that production was to be started.
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History of the Counter Intelligence Corps, Volume XX, Germany Overrun—Part I.
March 1959. pp. XX-61-XX-62 [NARA RG 319, Entry UD-1080, Box 6].

Secret Weapons

That the Nazis had hoped to win the war by secret weapons became evident to XVIII Corps CIC
Agents with the capture and subsequent interrogation of Werner Piel, a special air courier of secret
technical devices for the Luftwaffe.

Piel claimed that the German laboratories that had produced V-1 and V-2 missiles had also per-
fected an array of diabolical devices that needed only large scale production before they could be
used against the Allied armies.

The strangest and most fascinating of these secret weapons was described as a “secret ray” that
would paralyze any vehicle to a halt. The instrument, which the Germans called “Adlergeraet” or
“Eagle Apparatus,” was demonstrated to Piel and others at a proving ground near Danzig in July
1944. Piel asserted that an automobile driven across the testing area was brought to a complete
standstill by the ray as if the spark of the vehicle had suddenly failed.

The mechanism was principally adapted for use by the Luftwaffe in night fighting. Planes equipped
with the Adlergeraet could allegedly trail behind an adversary, bring him in range and then drop
him from the sky by “konking out” his engines without firing a single round. This was the theory.
No estimate of actual effectiveness had been made.

Piel’s connection with the secret devices was largely during the six weeks prior to his capture when
he ferried the equipment from Berlin to Glasshuette, where the finished devices were made, and
then delivered them to aircraft manufacturers.

Before CIC completed the interrogation of the ray-obsessed Piel, the Agents learned the current
disposition of the informant’s organization, the Air Force High Command, Chief of Technical Divi-
sion for Air Armament Transport. Apparently, Allied bombing of Berlin had been so effective that
this German technical air wing had to be split into two branches, one in Austria and the other
along the Baltic sea.8°

80. XVIII Corps (Abn) G2 Periodic Rpt Nr 9, Annex Nr 1, “CIC Notes,” dtd 5 May 45, in FUSA
G2 Jnl and File, 7-8 May 45, L-558 (UNCLASSIFIED), (Departmental Records Branch, AGO,
Alexandria, Va.)

[Note that the interrogation of Piel seems to indicate that advanced research projects associated
with the Luftwaffe were largely centered in Berlin (until they had to be evacuated due to Allied
bombing), the Baltic coast, and Austria. That agrees with many other documents that indicate that
Berlin, the Baltic coast, and Austria were three of the areas that had especially large concentrations
of high technology development during the war.]
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Merillat Moses, Chief, Scientific Branch, U.S. Military Intelligence Service, to Major
Francis J. Smith. 16 November 1944. Evaluation of Reports on Rays or Charges to
Neutralize Aircraft Motors. [AFHRA A1263 frames 129-130]

1. The Military Intelligence Service is in receipt of various reports dealing with rays for stopping
or neutralizing aircraft motors such as:

a. An ultra-violet ray for stalling airplane motors is being worked upon hard, but as yet
without practical success.

b. Experiments were being made on another electrical apparatus whereby vehicles com-
ing within its field could be stopped.

¢. The famous “Death Ray” is spoken of again and it is said that several airplanes have
been made to fall in the neighborhood of this installation.

d. The use of radio ray [that] emits wave that slows down the motors of Allied planes
flying over region.

e. In February it was reported that the Germans were working on some mechanism to
stop aircraft motors.

f. A source who states that he has done much work for the P.T.T. at Tempelhof in
Berlin and for the Reichspostforschungsanstalt claims that 80% of their laboratory work
is on aviation. A high official and an engineer there have informed him that they have
completed a new A/A weapon which will be turned out in mass production in two or
three months.

g. Experiments with “Death Rays” were conducted by AEG-Siemenstadt Berlin at
Tempelhof in 1939. Guinea pigs were killed at a distance of 200 meters.

h. An individual employed “on electrical matters”, not named or otherwise described,
told the prisoner that the Germans had for years been experimenting with these death
rays.

j. Experiments of which he knew, (1) destroying the functions of aircraft motors with
induced magnetic fields, (2) exploding aircraft in the air by direct ultra-violet ray.

k. This weapon which emits waves or rays based on piezo-electricity is a development
of the death ray. It is known that tests were made in 1938 and that [at] a distance of
eight hundred meters an automobile motor was successfully stopped.

l. The Germans will use within the next three weeks new generator which is capable of
stopping motors.

2. An hypothesis has been received stating that by use of rays or charges the atmosphere surrounding
the airplane engine could be ionized, causing the ignition system to spark at joints and also where
the insulation has been cracked or broken, thereby causing a short circuit of the spark plug.

3. Any evaluation or opinion you may be able to render on the existence or practicability of any
rays or charges, to include probably type of emission, range, size of installation required, would be
highly appreciated.
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Headquarters, United States Strategic Air Forces [USSTAF] in Europe, Office of the
Director of Intelligence, An Evaluation of German Capabilities in 1945. The Comman-
ders Intelligence Digest. 19 January 1945 [AFHRA folder 519.635 1945 Intelligence
Digest; AFHRA A5729 electronic version pp. 255 onward and 561 onward; NARA RG
319, Entry UD-1041, Box 27, Folder 925497]].

1. In the following paragraphs are listed the actual or potential weapons which the Germans may
use against USSTAF operations in 1945. For the most part they include the so-called V weapons.
No consideration is given to those for which there is lacking evidence of possible use for some time
to come. [...]

5. MAGNETIC WAVE: The best information available is from very secret and reliable sources,
and forces the conclusion that this weapon exists as a possibility. It is designed to cause failure of
various electrical apparatus in aircraft. [...]

[See document photos on pp. 5338-5340.
Point 1 above suggests that there is significant evidence for those weapons that are then listed.

Point 5 shows that an EMP weapon was reported by “very secret and reliable sources.”|

V. W. Petersen, Headquarters United States Strategic Air Forces in Europe (Rear),
Office of the Director of Intelligence, to General George C. McDonald. 24 January
1945. Preliminary Report on Suspected Magnetic Ray. [AFHRA A1263 frames 141—
142]

1. This is a preliminary report on investigation of the P-38 aircraft which flew sortie No. 3832
over Frankfurt and the interrogation of the Pilot, Lt. Hitt. Over this area the Pilot encountered
a freakish condition which indicates that the enemy may be using some new device (suspected as
being a magnetic ray) as a defence measure against our aircraft.

2. The Pilot made three passes over the target area which was the northern part of Frankfurt for
the purpose of taking aerial photographs. He took a number of frames on his first two passes, at
approximately 22,000 ft. and 20,000 feet, but on his third pass at 17,500 ft. he ran into trouble
with his aircraft. At this time he was flying in a straight slightly climbing condition, no flak of any
kind was encountered and no evasive action was taken during the whole time over the target area.

3. In beginning his third pass his instruments began acting up and his left engine became very
rough. [...]

4. The other gauges and instruments which were affected included the fuel level gauges, gyro
compass and the artificial horizon. The hands on the fuel level gauges started spinning in the
same direction. The gyro compass was also spinning through 360° revolutions. The Pilot caged
the compass at three different times and after uncaging each time the compass continued to spin
through 360° revolutions. The artificial horizon was floating in a peculiar attitude so that it could
not be used. [...]

8. The instruments on Lt. Hitt’s ship continued acting up for a period of eight to ten minutes; after
this time they appeared to be functioning properly. |[...]
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Taylor Drysdale, P/W and X Detachment, U.S. Military Intelligence Service, to Col.
H. G. Bunker, Director of Technical Services, Hq. USSTAF (Rear). 25 January 1945.
ETOIB/Ext No. 101. [AFHRA A1263 frame 148]

The following information was given by German P/W (W /T Specialist) on German Experiments
with Remote Control of Automobile and Airplane Motors.

(This material was written originally by P/W in German and has since been translated into En-
glish.)

In the year 1934 successful experiments were made in Germany on the paralyzing of combustion in
Automobile Engine viz. the stopping of the motors. Subject heard also last year from a Laboratory
Engineer of the Weapons Office, that vehicles and motors could be stopped at a distance of 150
meters (about 166 yards).

An Engineer belonging to a Research Institute of the R.M.V. who attended these experiments, said
that the same thing could be done with airplanes.

In 1938, two German Aircraft Plants were entrusted with the order to study motors for aircraft
without electrical ignition.

Between Augsburg and Munich, experiments were made in driving an electric motor by wireless.

During the last experiments a small ventilator motor (in Augsburg) was set in motion by a dis-
patcher controlled in Munich. The power used by the dispatching station in Munich was reported
to be very strong.

[Unfortunately none of the available reports on German EMP weapons give any technical details
about how the weapons actually worked. If such weapons were indeed developed during the war,
how exactly did they generate an EMP? What was their range?

Several countries now have non-nuclear EMP weapons [see for example Fig. C.59 and
https://apps.dtic.mil/dtic/tr/fulltext/u2/a332511.pdf
https://sgp.fas.org/othergov/doe/lanl /pubs/00326620.pdf

and additional scientific references cited at the end of
https://en.wikipedia.org/wiki/Explosively_pumped_flux_compression_generator].

Were these modern weapons derived from captured hardware, documents, or personnel from wartime
German EMP programs?]



C.2. ELECTROMAGNETIC PULSE 3101

] Solenoid f
High | Load
Explosive AN switch

Capacitor

Load
Bank

Los Alamos

Figure C.59: Example of a modern electromagnetic pulse weapon.
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C.3 Lasers

[A laser (Light Amplification by Stimulated Emission of Radiation) produces light that all has the
same wavelength and the same phase, which enables all of the optical power to be concentrated into
just one wavelength or color instead of a broader spectrum, and also allows the beam to remain
much more tightly focused than a normal beam of light can. (Because the laser light all has the
same wavelength and phase unlike a normal light beam, constructive interference with itself keeps
it on course, and destructive interference with itself prevents it from veering off course.) According
to official histories, the idea of a laser was not proposed until the late 1950s by Charles Townes,
Arthur Schawlow, and Gordon Gould, and the first laser was not built until 1960 by Theodore
Maiman, all in the United States.! As the following documents illustrate, most of the discoveries
and innovations that led to lasers were made much earlier by German-speaking scientists, and
there is some evidence that German-speaking scientists may have even been the first to produce
a working laser. Documents on the German-derived work were sent to the United States and may
have directly contributed to the U.S. work in this field in the late 1950s and early 1960s. Much
more archival research is needed to investigate the complete history and the true impact of work
in this field by German-speaking scientists [Albrecht 2019; Bertolotti 2015; Lemmerich 1987].]

Walter Isaacson. 2007. Einstein: His Life and Universe. pp. 322—323.

Einstein used Bohr’s model as the foundation for a series of papers in 1916, the most important of
which, “On the Quantum Theory of Radiation,” was also formally published in a journal in 1917.

Einstein began with a thought experiment in which a chamber is filled with a cloud of atoms. They
are being bathed by light (or any form of electromagnetic radiation). Einstein then combined Bohr’s
model of the atom with Max Planck’s theory of the quanta. If each change in an electron orbit
corresponded to the absorption or emission of one light quantum, then—presto!—it resulted in a new
and better way to derive Planck’s formula for explaining blackbody radiation. As Einstein boasted
to Michele Besso, “A brilliant idea dawned on me about radiation absorption and emission. It will
interest you. An astonishingly simple derivation, I should say the derivation of Planck’s formula. A
thoroughly quantized affair.”

Atoms emit radiation in a spontaneous fashion, but Einstein theorized that this process could also
be stimulated. A roughly simplified way to picture this is to suppose than an atom is already in a
high-energy state from having absorbed a photon. If another photon with a particular wavelength
is then fired into it, two photons of the same wavelength and direction can be emitted.

What Einstein discovered was slightly more complex. Suppose there is a gas of atoms with energy
being pumped into it, say by pulses of electricity or light. Many of the atoms will absorb energy
and go into a higher energy state, and they will begin to emit photons. Einstein argued that the
presence of this cloud of photons made it even more likely that a photon of the same wavelength and
direction as the other photons in the cloud would be emitted. This process of stimulated emission
would, almost forty years later, be the basis for the invention of the laser, an acronym for “light
amplification by the stimulated emission of radiation.”

'See for example: Bertolotti 2015; Bromberg 1991; Hecht 2010; Taylor 2000; Townes 1999.
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218 A. Einstein, [Nr.13/14.

Strahlungs- Emission und - Absorption
nach der Quantentheorie;

von A. Einstein.

(Eingegangen am 17. Juli 1916.)

Als Pranck vor 16 Jahren die Quantentheorie ins Leben
rief, und seine Strahlungsformel aufstellte, schlug er folgenden
Weg ein. Er berechnete die mittlere Energie /2 des Resonators
in Funktion der Temperatur nach von ihm neu aufgestellten,
quantentheoretischen Grundsiitzen und bestimmte dann hieraus
die Strahlungsdichte ¢ in Funktion der IFrequenz » und der
Temperatur, indem er auf elektromagnetischem Wege die Be-
ziehung zwischen Strahlungsdichte und Resonatorenergie E auf-
stellte:

L D
8z v?

Seine Ableitung war von beispielloser Kiihnheit, fand aber
glanzende Bestitigung. Es bestitigte sich nicht nur die Strah-
lungsformel selbst und der aus derselben berechnete Wert des
Flementarquantums, sondern auch der fiir I quantentheoretisch
berechnete Wert durch die spiteren Untersuchungen iiber die
spezifische Wiirme. Is bestiitigte sich somit auch die auf rein
elektromagnetischem Wege gewonnene Gleichung 1). Unbefriedi-
send blieb es aber, dafi die elektromagnetisch-mechanische Be-
trachtung, welche zu 1) fiihrt, mit der Grundidee der Quanten-
theorie nicht vereinbar ist, und es ist nicht verwunderlich, wenn
Pranck selbst und alle Theoretiker, die sich mit der Materie
befassen, unaufhorlich bemiiht sind, die Theorie so nmzugestalten,
dal sie auf widerpruchsfreien Voraussetzungen beruht.

Seit die Bonrsche Theorie der Spektra ihre grolicn Erfolge
erzielt hat, scheint es nicht zweifelhaft zu sein, dall die Grund-
idee der Quantentheorie festgehalten werden mull. Es scheint
also die Einheitlichkeit der Theorie dadurch hergestellt werden
zu miissen, dal die elektromagnetisch-mechanischen Betrach-
tungen, welche Pranck zu der Gleichung 1) fiihrten, durch
quantentheoretische Betrachtungen iiber die Wechselwirkung von

Figure C.60: Albert Einstein first proposed the idea of stimulated light emission from atoms (am-
plification of the number of photons of light from atoms) in 1916 [Verhandlungen der Deutschen
Physikalischen Gesellschaft (1916) 18:13-14:318-323].
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Separat-Ahiruck aus:
Mitteitlungen der Physikalischen Giesellschaft Zurich - Nr. 18, 1016,

Zur Quantentheorie der Strahlung
von A. Einstein.

Die formale Ahnlichkeit der Kurve der chromatischen Ver-
teilung  der Temperaturstrabhlung mit dem Maxwell’schen Ge-
schwindigkeits-Verteilungsgesetz st zu frappant, als dal} sie lange
hiitte  verborgen Dbleiben konnen. In der Tat wurde bereits
W. Wien in der wichtigen theoretischen Arbeit,-in welcher er
sein- Verschiebungsgesetz

5

{1"!"'1(,[,) (1)
ableitete, durth diese Ahnlichkeit auf eine weitergehende Be-
stimmung  der Strahlungsformel gefiihrt. Er fand hiebei be-
kannthich die Formel

h¥

0= ¢ 1e . (2)

,
welche als Grenzgesetz fur grofle Werte von ™ auch heute als

richtiy anerkannt wird (Wien'sche Strahlungsformel). Heute wissen
wir, dafl keine Betrachtung, welche auf die klassische Mechanik
und Elektrodynamik aufgebaut ist, eine brauchbare Strahlungs-
formel liefern kann, sondern dal} die klassische Theorie notwendig
auf die Reileigh’'sche Formel
0 = ke 2 T (3)
h
fiihr{. Als dann Planck in seiner grundlegenden Untersuchung
seine Strahlungsformel
R— ! (4)

h¥
o kT

—1
auf die Voravssetzung von diskreten Energie-Elementen gegriindet
hatte, aus welcher sich in rascher Folge die Quantentheorie ent-
wickelte, geriet jene Wien’sche (berlegung, welche zur Gleichung
(2) gefihrt hatte, naturgemill wieder in Vergessenheit.
Vor kurzem nun fand ich eine der urspriinglichen Wien'schen
Betrachtung ') verwandte, auf die Grundvoraussetzung der Quanten-
") Verh. d. deutschen phyzikal. Gesellsehalt, Nr. 13/14, 1916, 8. 818,

In der vorliegenden Untersuchung sind die in der eben zitierten Abhandlung
gegebenen Cherlegungen  wiederholt.

Figure C.61: Albert Einstein first proposed the idea of stimulated light emission from atoms (am-
plification of the number of photons of light from atoms) in 1916 [Mitteilungen der Physikalischen
Gesellschaft Ziirich (1916) 18:47-62].
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Die ridumliche
Energieverteilung in der Hohlraumstrahlung.

Von W. Bothe in Charlottenburg.
(Eingegangen am 23, Oktober 1923.)

Kinleitung. Die Hohlraumstrahlung ist ein statistisches 1’hi.
nomen und mub als solches auch Schwankungserscheinungen aufweisen.
Die theoretische Bedentung der Energieschwankungen schitzt 1. A.
Lorentz') so hoch ein, daB er von ibhnen den Schliissel fiir die ganze
Strahlungstheorie erwartet. Dies ist folgendermaben zu verstehen:
Ist die mittlere Energie E eines Systems als Funktion der Tempe-
ratur T bekannt, so liefert die statistische Mechanik ohne weiteres
einen Ausdruck filr dus mittlere Quadrat der Energieschwankungen A %):

dE

1 = Do

4% = kT T (1)
wo k die Boltzmannsche Konstante ist. Auf die Plancksche
Strahlungsformel

B - v (2)

g
angewandt, lautet diese Gleichung:
h E»

d‘=hv’:+¢—;" v (3)
wenn V das betrachtete Strahlungsvolumen ist; die fbrigen Bezeich-
nungen sind die iblichen®). Jede Hypothese iiber die Struktur der
Strablung mul mit dieser Gleichung im Einklang sein. Nimmt wan
z B. an, dab die Energie der Schwingungszahl v in diskreten, von-
einander unabbingigen Strablungsquanten von der Grole hv kon-
zentriert ist, so findet man nach Aualogie mit den Dichteschwankungen
in einem idealen Gase:

I = hvE.

1) H.A. Lorentz, Les Theories Statistiques en Thermodynamique. Leipzig,
Teubner, 1916, B, 59,

%) Vgl.z. B. F. Reiche, Die Quantentheorie. Berlin, Bpringer, 1921, 8. 178,
%) A. Einstein, Phys. Z8. 10, 189, 1909; vgl. nuch M. v. Laue, Verh. d.
D. Phys. Ges. 17, 198, 1915,

Figure C.62: Walther Bothe further developed the theory of stimulated light emission from atoms

(amplification of the number of photons of light from atoms) in 1923 [Zeitschrift fir Physik (1923)
20:1:145-152].
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Jost Lemmerich. 2011. Science and Conscience: The Life of James Franck. pp. 64—65.

[James Franck] pointed out furthermore that in electrical excitation of gases and vapors the series of
spectrum lines are stimulated only very incompletely, since the higher terms of the series are weak
in intensity. On the basis of his 1916 research with Hertz, Franck realized that this difficulty could
be circumvented if a gas with a low excitation potential was added to one with a high excitation
potential. Then very sharply defined lines of a sufficient intensity are easily obtained for the higher
series of the gas of low excitation potential. Thus with an admixture of helium, hydrogen could be
analyzed well. Such experiments became an important tool for verifying the different theories.

The next three papers brought Franck step by step closer to an experimental proof of a new behavior
of electrons in the excited state inside an atom. Many decades later, these results would prove useful
in the development of the laser.

[...] A footnote contained a premonition of the future discovery of the laser:

[O]n the whole, the interesting fact that according to Paschen excited helium, that is,
helium in an alkali-like state, exhibits a resonance emission, seems to us to offer a hint
that the alkali-like state of helium is somewhat metastable. An electron raised out of
this orbit into the next one always returns to this biquantum orbit and never jumps
directly into the monoquantum stable orbit.

Franck was clearly on the way to discovering the metastable state of helium. The issue of the
Physikalische Zeitschrift containing this paper appeared on November 1 [1919].

Heinrich Gerhard Kuhn. 1965. James Franck 1882-1964. Biographical Memoirs of
Fellows of the Royal Society 11:52-74.
[https://royalsocietypublishing.org/doi/pdf/10.1098 /rsbm.1965.0004]

Jointly with a number of co-workers Franck continued the study of the inelastic collisions of electrons
with both atoms and molecules, of excitation- and ionization-potentials, but now with Bohr’s theory
as a guiding principle. The theoretical adviser of the group was Fritz Reiche, and it was Franck,
Knipping and Reiche who coined the word ‘metastable level and established the important part of
metastable states in excitation processes. The question of how metastable atoms finally lose their
energy, now strongly occupied Franck’s attention.
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Jost Lemmerich. 1987. Zur Geschichte der Entwicklung des Lasers. Berlin: DAVID.

PP- 22—-26, 59-60

In Berlin, an der Physikalisch-Technischen
Reichsanstalt, war schon vor dem Ersten
Weltkrieg Walther Bothe, der bei Planck pro-
moviert hatte, fiir Hans Geiger als Mitarbeiter
eingestellt worden. Bothe veroffentlichte 1923
als Fortfiihrung der Arbeit FEinsteins: “Die
raumliche Energieverteilung in der Hohlraum-
strahlung” <9>. In der Einleitung fafite er
noch einmal die Ergebnisse von Einsteins
Veroffentlichungen
dabei die Nomenklatur spontane Emission fur
den {iblichen Vorgang der Ausstrahlung bei
der Anregung von Atomen, Absorption bzw.
positive Einstrahlung und erzwungene Emission
bzw. negative FEinstrahlung. Wortlich heif3t
es dann bei der Interpretation von Einsteins
Ergebnissen:

zusammen und benutzt

“Weiterhin  schliefst ~ Finstein  durch  Im-
pulsbetrachtungen, daf ein ungestortes ther-
modynamisches Gleichgewicht zwischen der
Strahlung und der Warmebewegung eines Gases
nur maglich ist, wenn die drei angegebenen El-
ementarprozesse streng gerichtet verlaufen, d.h.
absorbiert eine Molekul Strahlung, so entnimmt
sie diese einem Strahlenbiindel von unendlich
kleiner Konvergenz; entsprechend wird bei
der Emission die Energie in einem unendlich
kleinen Raumwinkel gestrahlt, sie breitet sich
nicht seitlich aus; im Falle der erzwungenen
Emission ist die FEmissionsrichtung genau
die desjenigen einfallenden Strahlenbiindels,
welches die Emission verursacht, wdahrend die
Richtung der spontane Emission dem Zufall
unterliegt.”

Wiederum war damit deutlich ausgesprochen,
dal die erzwungene, stimulierte Emission zu
einer Lichtquelle in einem kleinen Raumwinkel
flihren miite. Die Frage der Kohérenz wird—
wie auch bei Einsteins Arbeit—durch Bothe
nicht angesprochen.

In Berlin, at the Physikalisch-Technische Re-
ichsanstalt, Walther Bothe, who had completed
his doctorate under Planck, had already been
employed by Hans Geiger before the First
World War. Bothe published in 1923 as a
continuation of Kinstein’s work: “The spatial
energy distribution in cavity radiation” <9>.
In the introduction he once again summarized
the results of Einstein’s publications and used
the nomenclature spontaneous emission for the
usual process of radiation from the excitation
of atoms, absorption or positive irradiation and
stimulated emission or negative irradiation.
The interpretation of Einstein’s results literally
means:

“In addition, FEinstein concludes by impulse
considerations that an undisturbed thermody-
namic equilibrium between the radiation and the
thermal motion of a gas is only possible if the
three specified elementary processes are strictly
directional, i.e. if a molecule absorbs radiation,
it takes it from a beam of infinitely small
convergence; accordingly, during emission, the
energy s radiated in an infinitely small solid
angle, it does not propagate laterally; in the
case of stimulated emission, the direction of
emission s exactly that of the incident beam
causing the emission, while the direction of
spontaneous emission is random.”

Again it was clearly stated that the forced,
stimulated emission must lead to a light source
within a small solid angle. The question of
coherence is not addressed by Bothe—as also
in Einstein’s work.
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Der Hauptteil der Botheschen Arbeit behandelt
den Vorgang des Auftretens von Quanten-
paaren, also doppelten und mehrfachen davon,
bei der erzwungenen Emission. Bothe gibt auch
eine Methode zum Nachweis der Quantenpaare
an.

Nur ein Jahr nach Bothes Arbeit erschien
das  Physikalische Handworterbuch <10>,
herausgegeben von Arnold Berliner und Karl
Scheel. Fiir das Stichwort Lichtquanten referiert
A. Smekal. Wéahrend Smekal die Lichtquanten-
hypothese FEinsteins fiir die Wechselwirkung
zwischen Strahlung und Materie anerkennt,
fahrt er fort:

“Finsteins Betrachtungen dber das Impuls-
gleichgewicht zwischen Materie und Strahlung
(s. Nadelstrahlung) beweisen zwar, daf$ die
Strahlungsemission nicht in Kugelwellen—wie
nach der klassischen FElektrodynamik—, son-
dern im gewissen Sinne einseitig, also gerichtet,
erfolgt, was zweifellos nicht zu ungunsten der
Lichtquanten spricht, doch lassen sich bindende
Schliisse auf die Figenschaft freier Lichtquanten
hieraus ebenfalls micht ziehen. Fine endgiltige
Beurteilung der Lichtquantenhypothese, die
tibrigens zu gewissen Schwierigkeiten mit dem
Kausalitatsprinzip zu fihren scheint, ist daher
bis jetzt noch nicht moglich gewesen.”

Seit 1900 hatte die Experimentalphysik
grofle Fortschritte gemacht. Fiir die technis-
che Durchgestaltung der Gliihlampe war es
notwendig gewesen, bessere Vakuumpumpen
zu entwicklen. Ebenso erforderte die Her-
stellung von Verstarkerrohren einfach zu
handhabende Hochvakuumpumpen. Diese tech-
nischen Moglichkeiten der Vakuumerzeugung
nutzen die Physiker, um ihrerseits intensiv die
Erforschung der Physik der Gasentladungen
aufzugreifen.

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

The main part of Bothe’s work deals with the
process of the occurrence of quantum pairs,
i.e. double and multiple quantum pairs, in
stimulated emission. Bothe also gives a method
for the detection of quantum pairs.

Only one year after Bothe’s work the Dic-
tionary of Physics <10>, edited by Arnold
Berliner and Karl Scheel, appeared. A. Smekal
writes the entry on light quanta. While Smekal
acknowledges Einstein’s light quantum hypoth-
esis for the interaction between radiation and
matter, he continues:

“Finstein’s  considerations about the im-
pulse equilibrium between matter and radiation
(see directional radiation) prove indeed that
the radiation emission does not take place in
spherical waves—like according to the classical
electrodynamics—, but is in a certain sense
one-sided, thus directed, which undoubtedly
does mot speak to the disadvantage of the
light quanta, but binding conclusions about the
property of free light quanta cannot be drawn
from this either. A final evaluation of the light
quantum hypothesis, which by the way seems
to lead to certain difficulties with the causality

principle, has therefore not yet been possible.”

Since 1900 experimental physics had made
great progress. For the technical design of the
incandescent lamp it had been necessary to de-
velop better vacuum pumps. The manufacture
of amplifier tubes also required high-vacuum
pumps that were easy to handle. The physicists
used these technical possibilities of vacuum
generation to intensively investigate the physics
of gas discharges.
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Am Kaiser-Wilhelm-Institut fiir Physikalische
Chemie in Berlin untersucht Fritz Reiche
und Paul Knipping unter Leitung von James
Franck die Wechselwirkung von Elektronen
mit Atomen. Regt man Atome mit Elektronen
an, wie dies James Franck und Gustav Hertz
in ihrem klassischen Experiment 1913 getan
hatten, so kann mann nicht nur die Energien-
iveaus der Elektronen im Atom bestimmen,
sondern konnte damals bereits erste Angaben
iiber die Lebensdauer der angeregten Zustande
machen. In der Verdffentlichung von 1920 in
der Zeitschrift fiir Physik beschreiben Franck
und Reiche die Ergebnisse ihrer Messungen
an Helium <11>. Die tibliche Verweilzeit von
Elektronen im angeregten Zustand betréigt
nur etwa 1078 Sekunden. Franck und Reiche
konnten zeigen, dafl im angeregten Helium ein
Zustand existierte, der wesentlich langlebiger
ist, den sie metastabilen Zustand nannten.
Dieser metastabile Zustand hat ein etwas
niedrigeres Energieniveau als der sehr viel
kurzlebigere.

Nachdem James Franck einen Ruf an die
Universitat Gottingen annahm, fiihrte er dort
mit seinen Mitarbeitern die Untersuchungen
weiter und fand, dafl es bei Gasgemischen
moglich ist, iiber die Anregung eines Be-
standteiles der andern Bestandteil anzuregen.
Dies geschieht durch die [“Ibertragung der
Anregungsenergie, ohne dafl es dabei zur
Aussendung von Strahlung kommt. Man beze-
ichnet dies als Stofle zweiter Art <12>.

Nach dem Fortgang von Franck nach Géttingen
trat Rudolf Ladenburg in das Kaiser-Wilhelm-
Institut fiir Physikalische Chemie ein und Ende
der 20er Jahre erschien in rascher Folge eine
Reihe von Arbeiten iiber die Untersuchung
der anomalen Dispersion bei Gasentladungen
<13>.
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At the Kaiser Wilhelm Institute for Physical
Chemistry in Berlin, Fritz Reiche and Paul
Knipping, led by James Franck, are investi-
gating the interaction of electrons with atoms.
If one excites atoms with electrons, as James
Franck and Gustav Hertz had done in their
classical experiment of 1913, then one can not
only determine the energy levels of the elec-
trons in the atom, but could also make initial
statements about the lifetime of the excited
states at that time. In the publication of 1920
in the Zeitschrift fiir Physik Franck and Reiche
describe the results of their measurements of
helium <11>. The usual residence time of
electrons in the excited state is only about 1078
seconds. Franck and Reiche were able to show
that in excited helium a state existed which
is much more long-lived, which they called a
metastable state. This metastable state has
a slightly lower energy level than the much
shorter one.

After James Franck accepted a call to the
University of Gottingen, he and his colleagues
continued the investigations and found that
in gas mixtures it is possible to stimulate
one component by stimulating the other
component. This is done by transferring the
excitation energy without emitting radiation.
This is called second type shock <12>.

After Franck had left for Gottingen, Rudolf
Ladenburg joined the Kaiser Wilhelm Institute
for Physical Chemistry and at the end of the
1920s a series of papers on the investigation
of the anomalous dispersion in gas discharges
<13> appeared in rapid succession.
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Ladenburg arbeitete mit verschiedenen Mitar-
beitern zusammen, u.a. mit Hans Kopfermann.
Das Ziel ihrer Versuche war die Untersuchung des
Gleichgewichtes zwischen den Elektronen und an-
geregten Atomen. Dazu fiihrten sie spektroskopis-
che Messungen an Gasentladungen durch, die in
verhéltnisméfBig diinnen und langen Rohren—
ahnlich den spéteren Laser-Rohren—brannten.
Durch die angewendeten Anregungsbedingungen
erreichten sie eine sogenannte Inversion der Be-
setzungszustdnde im Neon. Das heifft, in einem
angeregten Energieniveau befanden sich mehr
Elektronen als im Grundzustand. Eine Grundbe-
dingung, um einen Laser zu betreiben.

Zusammenfassend referierte Ladenburg iiber
diese Arbeiten nach seiner Ubersiedlung nach
Amerika vor 1933 in der Zeitschrift Reviews of
Modern Physics unter dem Titel “Dispersion in
electrically excited gases” <14>.

Franck und Ladenburg waren mit Einstein,
der immer an experimentellen Arbeiten inter-
essiert war, gut befreundet. Es ist verwunderlich,
daBl sie offenbar niemals iiber diese Arbeiten
im Zusammenhang mit seinem Ideen tiber die
erzwungene Emission diskutierten, zumal Laden-
burg bei seinem Arbeiten zusammen mit Levy
zur Untersuchung der Struktur den Linien seiner
Gasentladungen ein Fabry-Perot-Inteferometer
<15> anwendete. Dieses Interferometer besteht
aus zwei senkrecht in einem festen Abstand
zueinander stehenden Spiegeln. Es stellt einer
Art optischen Hohlraumresonator dar und kann
als Riickkopplung der Strahlung in den dazwis-
chenliegenden betrachtet
(Die damals verwendeten Spiegel mit versil-
berten Oberflichen hétten allerdings nicht die
Moglichkeit zugelassen, mit einer Gasentladung
einen Laser in Gang zu setzen, da die Reflexion zu
niedrig war.)

Hohlraum werden.
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Ladenburg worked with various collabo-
rators, including Hans Kopfermann. The
aim of their experiments was to inves-
tigate the equilibrium between -electrons
and excited atoms. For this purpose they
carried out spectroscopic measurements on
gas discharges, which glowed in relatively
thin and long tubes, similar to the later
laser tubes. Through the applied excitation
conditions they achieved a so-called inver-
sion of the occupation states in the neon.
This means that in an excited energy level
there were more electrons than in the ground
state. A basic condition for operating a laser.

As a summary, Ladenburg spoke about
these works after his move to America
before 1933 in the journal Reviews of
Modern Physics under the title “Dispersion
in electrically excited gases” <14>.

Franck and Ladenburg were good friends
with Einstein, who was always interested
in experimental work. It is surprising that
they apparently never discussed this work in
connection with his ideas about stimulated
emission, especially since Ladenburg and
Levy used a Fabry-Perot inteferometer
<15> to investigate the structure of the
gas discharge This
consists of two perpendicular mirrors at
a fixed distance from each other. It is a
kind of optical cavity resonator and can
be considered as feedback of the radiation
into the intermediate cavity. (The mirrors
with silver-plated surfaces used at that
time, however, would not have allowed the
possibility of starting a laser with a gas
discharge, since the reflection was too low.)

lines. interferometer

[Lemmerich’s claim that German mirrors circa 1930 were not good enough to make a laser is false.
Companies such as Zeiss and Leitz had been making extremely high-quality optical components,
including mirrors, since the mid-1800s. Moreover, it is actually preferable for one or both mirrors
of a laser not to be perfectly reflecting, so that some of the light can escape to form a beam.]
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Im Oktober 1932 schloB Max Born das
Manuskript fiir sein Buch “Optik—ein Lehrbuch
der elektromagnetischen Lichttheorie” <16>
ab. Es wurde einer Generation von Physik-
ern, die sich mit der Theorie der Optik
beschéftigten, das wichtigste Lehrbuch. Als die
Radartechnik wahrend des Zweiten Weltkrieges
entwickelt wurde, griff man auf Borns grundle-
gendes Buch zuriick, denn eine Verbindung von
Hochfrequenztechnik und Optik bahnte sich an.

Born ging in seinem Buch ausfiihrlich auf die
Erscheinungen der Interferenz und Kohérenz
sowie der stehenden Wellen ein, die bere-
its Wiener 1899 beim Licht nachgewiesen
hatte. Detailiert beschrieb er auch die In-
terferometer, wie das von Fabry-Perot. Als
theoretischer Physiker widmete er besondere
Sorgfalt den theoretischen Betrachtungen iiber
das Verstandnis der Emission, Dispersion und
anomalen Dispersion. Born referierte sowohl
auch Ladenburgs Arbeiten.
Jedoch wurden Begriffe wie Riickkopplung und
phasengerechte Verstarkung im Zusammenhang
mit Emissionsvorgangen nicht diskutiert.

Einsteins wie
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In October 1932, Max Born completed the
manuscript for his book “Optics—a Textbook
of Electromagnetic Light Theory” <16>. It
became the most important textbook for a gen-
eration of physicists working in the theory of
optics. When radar technology was developed
during the Second World War, Born’s basic
book was used because a combination of high
frequency technology and optics was emerging.

In his book Born dealt in detail with the
phenomena of interference and coherence as
well as standing waves, which had already
been demonstrated by Wiener in 1899. He also
described the interferometers in detail, such as
that of Fabry-Perot. As a theoretical physicist
he devoted special attention to theoretical
considerations about the wunderstanding of
emission, dispersion and anomalous dispersion.
Born lectured on both Einstein’s and Laden-
burg’s work. However, terms such as feedback
and phase-adjusted gain were not discussed in
connection with emission processes.
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Ein Ansatz zum Bau einer intensiven monochro-
matischen kohérenten Lichtquelle fiir Unter-
suchungen in der Optik zeigte sich nicht.
Beim Experimentieren mufite man sich mit
vorgeschalteten Filtern und einer Lochblende
begniigen, um eine kohéarente Lichtquelle aus
dem Licht einer Glihlampe zu realisieren.
Die Intensitdt war infolge der verwendeten
Lochblende meist nur sehr gering und fiihrte
zu langen Belichtungszeiten. Ein wenig besser
waren gekiihlte Spektrallampen; vor allen
Dingen die Lampen mit Thallium-Fillung
wurden fiir interferometrische Untersuchungen
verwendet. Die Entwicklung von Niederdruck-
spektrallampen war durch viele Physiker
gefordert worden, so auch durch den un-
garischen Physiker Dennis Géabor <17>, als
er Mitarbeiter der Firma Siemens war. Nach
seiner Emigration war er auf vielen Gebieten
der angewandten Physik tatig. Thm gelang
1948 eine aufsehenserregende Erfindung, die
Abspeicherung eines dreidimensionalen Bildes
auf der zweidimensionalen Photoplatte, die
Holographie. Fiir die Aufnahme bendtigte
man monochromatische Lichtquelle grofler
Kohérenzlange. Aber es gab sie damals noch
nicht, und so ging die Entwicklung der Hologra-
phie nur langsam voran, denn man konnte nur
kleine Objekte aufnehmen. Offenbar hat auch
Gébor selbst dieses Problem der Lichtquelle
nicht zu losen versucht <18>.

]

9 Bothe, Walter: Zeitschrift fiir Physik,
20 (1923), H. 2, S. 145.

10 Berliner, Arnold und Scheel, Karl:
Physikalisches Handworterbuch, Berlin 1924.

11. Franck, James u. Reiche,
Zeitschrift fiir Physik, 1 (1920), S. 154.

Fritz:
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An approach for the construction of an in-
tense monochromatic coherent light source
for investigations in optics was not found.
When experimenting, one had to be content
with filters and a pinhole diaphragm in order
to realize a coherent light source from the
light of an incandescent lamp. Due to the
pinhole aperture used, the intensity was usually
very low and led to long exposure times.
Cooled spectral lamps were a little better;
especially thallium-filled lamps were used for
investigations. The develop-
ment of low-pressure spectral lamps had been
supported by many physicists, including the
Hungarian physicist Dennis Gabor <17> when
he worked for Siemens. After his emigration he
worked in many fields of applied physics. In
1948 he succeeded in a sensational invention,
the storage of a three-dimensional image on
a two-dimensional photo plate, holography.
Monochromatic light sources of long coherence
length were required for the recording. But
they did not exist at that time, and so the
development of holography progressed only
slowly, because only small objects could be
recorded. Apparently Gabor himself did not
try to solve this problem of the light source
<18>.

interferometric

]

9 Bothe, Walter: Journal of Physics, 20
(1923), no. 2, p. 145.

10 Berliner, Arnold and Scheel, Karl:
Dictionary of Physics, Berlin 1924.

11. Franck, James and Reiche, Fritz:
Zeitschrift fiir Physik, 1 (1920), p. 154.



C.3. LASERS

12. Franck, James: Ergebnisse der Exakten
Naturwissenschaften 2 (1920), S. 106.

Franck, James und Jordan, Pascual in:
Handbuch der Physik, Bd. 23, 1926, S. 641.

13. Kopfermann, Hans und Laden-
burg, Rudolf: Zeitschrift fiir Physik 48
(1928), S. 26, 51 und 65 (1930), S. 167.

14. Ladenburg, Rudolf: Reviews of Modern
Physics 5 (1933), S. 243.

15. Ladenburg, Rudolf und Levy, S.:
Zeitschrift fiir Physik 65 (1930), S. 189.

16. Born, Max: Optik—FEin Lehrbuch
der Elektromagnetischen Lichttheorie, Berlin
1933.

17. Géabor, Dennis (frither Dénes) hat
im Rahmen seiner Téatigkeit im Forschungslab-
oratorium der Siemens & Halske AG 1930
zwei FErfindungen {iiber Metallbogenlampen
angemeldet, auf die er 1933 die DRP 570606
und 570608 erteilt wurden.

18. Gébor schrieb am 28.5.1963 aus Lon-
don an Max Born u.a. iiber Borns Aufsatz
“The Scientist Speculates” sowie iiber seine
Gedanken um 1950 einen Laser zu bauen. Er
geht dabei auf das Problem, der Verantwortung
Ideen zu publizieren, ein. Ein Problem, was
sich besonders deutlich bei der Entwicklung des
Lasers spater zeigt, als immer wieder speku-
lative Ideen ohne Versuch der Realisierung
veroffentlicht wurden und damit die Frage der
Prioritat nach dem gelungenen Experiment zu
diskutieren war.

Der Brief befindet sich im Nachlal Born,
Handschriftenabteilung, Staatsbibliothek
Preuflischer Kulturbesitz, Berlin.
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12. Franck, James: Results of the Exact
Natural Sciences 2 (1920), p. 106.

Franck, James and Jordan, Pascual in:
Handbook of Physics, vol. 23, 1926, p. 641.
[See p. 3114.]

13. Kopfermann, Hans and Laden-
burg, Rudolf: Journal of Physics 48 (1928),
p. 26, 51 and 65 (1930), S. 167.

14. Ladenburg, Rudolf: Reviews of Modern
Physics 5 (1933), S. 243.

15. Ladenburg, Rudolf and Levy, S.:
Journal of Physics 65 (1930), S. 189.

16. Born, Max: Optics—A Textbook of
Electromagnetic Light Theory, Berlin 1933.

17. Gabor, Dennis (formerly Dénes)
has registered two inventions about metal arc
lamps within the scope of his activity in the
research laboratory of Siemens & Halske AG in
1930. In 1933 he was granted the DRP 570606
and 570608.

18. Gabor wrote on 28.5.1963 from Lon-
don to Max Born about Born’s essay “The
Scientist Speculates” and about his thoughts
about building a laser in 1950. He addresses the
problem of the responsibility to publish ideas.
This problem became particularly apparent
later in the development of the laser, when
speculative ideas were repeatedly published
without any attempt at realization and the
question of priority for the successful experi-
ment was discussed.

The letter is in the estate of Born, Manuscript
Department,  Staatsbibliothek  Preuflischer
Kulturbesitz, Berlin.
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Anregung von Quantenspriingen
durch Stéfe.

(Mit AusschluB8 der Erscheinungen an Korpuskularstrahlen
hoher Geschwindigkeit.)

Von
J. Franck und P. Jorpan, Gittingen.
Mit 48 Abbildungen.

I. Kinetik sehr langsamer Elektronen
in Gasen und Dampfen.

1. Einleitung. Zur experimentellen Bestimmung der Quantenmechanik
bei Stollprozessen, d.h. zur Feststellung der vielerlei Wechselwirkungen, die
bei ZusammenstoBen zwischen Atomen, Molekiilen, ITonen und Elektronen im
Gase vorkommen, ist es das sicherste, solche Experimente heranzuziehen, die
gestatten, die Elementarprozesse gesondert voneinander zu untersuchen. Wir
wollen daher im allgemeinen von der Besprechung der nur summarisch deutbaren
Erscheinungen bei Gasentladungen absehen und den Hauptwert auf die Einzel-
untersuchungen der Kinetik der Ionen und Elektronen, sowie der Atome und
Molekiile legen. Die gaskinetischen Daten der Atome und Molekiile, soweit sie
in der gewohnlichen kinetischen Gastheorie behandelt werden, sollen dabei
ebenfalls auler Betracht bleiben. In der aus diesem Programm sich ergebenden
Gruppeneinteilung ist offenbar der einfachste Fall derjenige, daBl Elektronen
mit Atomen und Molekiilen mit so kleiner Relativenergie zusammenstoBen, dal3
an den getroffenen Gebilden keine Quantenspriinge angeregt werden konnen.

Die hierfiir geltenden gaskinetischen Daten lassen sich auf prinzipiell noch
cinfachere Weise bestimmen als diejenigen der ungeladenen atomaren Gebilde,
da die elektrische Ladung der Elektronen ein Mittel an die Hand gibt, sie im
Gase in ganz geringen Konzentrationen nachzuweisen und zu untersuchen. Be-
sonders wertvoll ist dabei, daB man zur Verinderung der kinetischen Energie
der Ladungstriger nicht nur auf die Temperaturerh6hung angewiesen ist, sondern
dal es auch maglich ist, durch Benutzung entsprechender elektrischer Feldef
den Ladungstrigern alle moglichen Werte von kinetischer Energie zu geben
und in Nichtgleichgewichtsversuchen ihr Verhalten bei ZusammenstdBen
mit ungeladenen Atomen und Molekiilen zu studieren. Ein anfangs ruhendes
Elektron erhilt beim Durchfallen einer Potentialdifferenz von V Volt eine
kinetische Energie { mv? = ] eV ; mit m =0,809:10"2" g, e = 4,773 - 10 W e.s,
wird die Geschwindigkeit -

v =5,95-107)V. (1)

Handbuch der Physik. XXIIL 41

Figure C.63: James Franck collaborated with many other scientists such as Pascual Jordan to
conduct theoretical and experimental analyses of light emission from atoms (including aspects of

stimulated emission) during the late 1910s and the 1920s [Handbuch der Physik (1926) 23:641-775].
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Hendrik A. Kramers. 1925. Skand. Mat. Kongr. p. 145 [quoted in Bertolotti 2015, pp.
20—21].

If the atom is in one of its higher states, also terms belonging to the second sum inside the brackets
of [equation] will appear. In the neighborhood of the frequency ve, of an emission line, the atom will
then give rise to an anomalous dispersion of similar kind as in the case of an absorption line, with
the difference that the sign of P is reversed. This so-called negative dispersion is closely connected
with the prediction made by Einstein that the atom for such a frequency will exhibit a negative
absorption, that is, light waves of this frequency, passing through a great number of atoms in the
state under consideration, will increase in intensity.

[In 1920-1921, Christian Fiichtbauer (German, 1877-1959) and Rudolf Ladenburg (German, 1882—
1952) wrote the first papers using newly developed quantum physics methods to calculate normal or
positive absorption of light, as well as negative absorption or light amplification due to stimulated
emission of photons in a material composed of excited atoms:

Christian Fuchtbauer. 1920. Die Absorption in Spektrallinien im Lichte der Quanten-
theorie. Physikalische Zeitschrift 21:322-324.

Rudolf Ladenburg. 1921. Die quantentheoretische Deutung der Zahl der Dispersions-
elektronen. Zeitschrift fir Physik 4:451-468.

Their theoretical result is now known as the Fiichtbauer—Ladenburg equation for calculating the
optical gain or light amplification of a laser material containing excited atoms.

Based on those theoretical predictions, Rudolf Ladenburg and other members of his group at the
Kaiser Wilhelm Institut fiir Physikalische und Elektrochemie (such as Hans Kopfermann, Agathe
Carst, S. Levy, and Giinther Wolfsohn) conducted experiments from the 1920s until 1931 that con-
clusively demonstrated the existence of stimulated emission and optical amplification in electrically
excited gases. Examples of some of the resulting papers are shown on pp. 3116-3127.

However, rising antisemitism in Germany drove Ladenburg to the United States, where he accepted
a position in 1931. In 1933, Ladenburg published one last paper on the topic from the United States,
basically summarizing the research he had conducted in Germany. It appears that he was unable
to interest U.S. sponsors in funding him to continue his revolutionary research program.

If Ladenburg had been allowed to continue leading his research group at the Kaiser Wilhelm Institut,
his group might have produced the first laser as early as the 1930s. Even so, his numerous, highly
detailed, and highly visible publications on stimulated emission in electrically excited gases had an
enormous influence on later work in the German-speaking world, the United States, and elsewhere.]

Rudolf Ladenburg. 1933. Dispersion in Electrically Excited Gases. Reviews of Modern
Physics 5:243.

All these different experiments prove without doubt that the population of the P levels does increase
with the current, and so much so that above 100 mA, the ratio @ (= Nyg;/N;gi) has appreciable
value. Therefore the experiments shown by the curves [...] prove the influence of the negative term
in the dispersion formula. This “negative dispersion” corresponds to the negative absorption of the
theory of radiation and to the term -1 in the denominator of Planck’s formula for the radiation of
a black body as is easily shown by Einstein’s derivation of this formula.
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(Mitteilung aus dem Kaiser Wilhelm - Institut fiir physikalische Chemie
und Elektrochemie.)

Untersuchungen iiber die anomale Dispersion
angeregter Gase*.

I. Teil.
Zur Priifung der quantentheoretischen Dispersionsformel.
Von Rudoll Ladenburg in Berlin-Dahlem.
Mit 2 Abbildungen. (Eingegangen am 17. Dezember 1927.)

Die quantentheoretische Dispersionsformel fiir den Brechungsquotienten eines ver-
diinnten Gases nahe einer isolierten Spektrallinie, aber aullerhalb des eigentlichen
Absorptionsgebietes lautet

-] = ——— i ] 1l — = ,
=X Ancim h—4h, Vil Atfgk)

kj
wobei die ,Oszillatorenstirke*

9 m et
oy = Au_,‘?; 8 i et

ist. Daher entspricht die in der klassischen Dispersionsformel anftretende ,Zahl
der Dispersionselektronen* N dem Ausdruck

Nk ‘qj
4 l— = =].
vj fu ( 4\5 9:)
Der Klammeransdruck enthilt den Einflul der  negativen* Dispersion, Nj und N,
sind die Atomdichten in den Zustinden j und k, g, und g, die zugehdrigen
statistischen Gewichte. A,'f ist die Einsteinsche Ubergangswahrscheinlichkeit.
Es wird auf Grund vorliegender Versuche gezeigt, dal sich die angegebene Be-
ziechung zwischen [ und 4 im Fall der [)-Linien des Na exakt bestiitigt. Ferner
wird an Hand der Dispersionsformel dargelegt, wie man mittels Messung anomaler
Dispersion Ubergangswahrscheinlichkeiten und Dichte angeregter Atome bestimmen,
und unter welchen Umstiinden man eventuell den Einflull der negativen Dispersion
nachweisen kann.

1. Die erste erfolgreiche Behandlung der Dispersionserscheinungen
auf Grund der Bohrschen Atomtheorie ** enthielt implizite die Voraus-
setzung, dabB die Umlaufsirequenzen der Bohrschen Elektronen die ausge-
zeichneten Stellen seien, an denen die Dispersion ihr Vorzeichen wechselt*+*,

* Abgekiirzt U.a. D.
** P. Debye, Miinch. Ber. 1915, 8.1; A. Sommerfeld, Elster und Geitel-
Festschrift, S.549, 1915; E. Davysson, Phys. Rev. (2) 8, 20, 1916.
##% Vgl N. Bohr, Abhandlungen iiber Atombau, 8. 138, 1921 (abgefalt 1916);
P. Epstein, ZS. {. Phys. 9, 92, 1922.

Figure C.64: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1928) 48:1-2:15-25).
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(Mitteilong aus dem Kaiser Wilhelm-Institut fiir physikalische Chemie
und Elektrochemie.)

Untersuchungen iber die anomale Dispersion
angeregter Gase.
I1. Teil*.
Anomale Dispersion in angeregtem Neon.

(Einfluf von Strom und Druck, Bildung und Vernichtung
angeregter Atome.)

Von Hans Kopfermann und Rodolf Ladenburg in Berlin-Dablem.
Mit 6 Abbildungen. (Eingegangen am 17. Dezember 1927.)

1. Versuchsanordoung. 2. MeOmethoden, Genanigkeit. 3. Kontrollversuche, 4, Ab-
hingigkeit der a. D. vom Strom. 5. Theoretische Deutung. 6. Abhingigkeit der
a. D, vom Druck und ihre Deutung. 7. Zosmamenfassung. — In der positiven Skule
des mit Gleichstrom betriebenen Neonrohrs wird an den etwa 20 im Rotgelb ge-
legenen g5 — py-y 84— Py 83 — p,-ldinien anomale Dispersion (a.D.) in ilrer Ab-
hingigkeit von Strom und Druck gemessen. Mit wachsendem Strom steigt die a. D,
d. h. die Zahl der N, - Atome in den sy, s, ood gy-Zustioden, mehr oder weniger
rasch an, pibert sich aber bald cinem Sittigongswert, der bei 50 mA bereits an-
nihernd -erreicht ist. Dies wird durch die Bilduog und Vernichtung der s - Atome
durch Elektronenstol gedeutet. Die Beobachtungen an den metastabilen s,- und s4-
Atomen, und in Anniherung auch an den instabilen s, - Atomen sind darstellbar
durch die Gleichgewichtsformel ;
N = _aJ
£ bS A+
wo J Stromstirke, « bzaw. b und ¢ stromunabhiéngige Erzeugungs- bzw. Vernich-
tungsiaktoren sind. Sittigung tritt ein, wenn b .J 2 ¢, dann ist N: = ajb = const.
Zum Verstindois der Beobachtungen an den s,-Atomen ist ihre Nacbftllung aus
den g, und s,-Atomen uad durch die starke Reabsorption der Linie p, — s, (743 A)
zu beriicksichtigen, die die mittlere Lebensdauer der instabilen s,-Atome wesentlich
vergribert. Druckeinfluf: 1. Mit wachsendem Druck nehmen oberhalb 1,3 mm die
Sittigungswerte .‘V. ab; 2. gleichzeitig tritt die Sittigung bei immer kleinercn
Stromwerten ein. Ursache: Bei gleichem Strom und wachsendem Druck bleibt der
Anteil der mittelschnellen aoregenden Elcktronen im wesentlichen konstant oder
nimmt ab; dagegen nimmt gleichzeitig der Anteil der langsamen Elektronen, die
die Verpichtung der angeregten Atome durch StoB bewirken, aus verschicdenen
Grilnden su  Daher wichst in der Gleichgewichtsformel b mit dem Druck schoeller
als g und wesentlich schneller als ¢, und es nimmt mit wachscndem Druock 1. N'
ab, und 2. auch der Strom .J, bei dem b J 3> ¢ ist und Sittigung eintritt.

1. Versuchsanordnung. Die Versuchsanordoung ist im wesent-
lichen dieselbe, die bereits von dem einen von uns zur Untersuchung

* |. Teil siehe vorangehende Arbeit. Sie wird im folgenden als U. a. D. L. zitiert,

Figure C.65: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1928) 48:1-2:26-50].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fiir physikalische Chemie
und Elektrochemie.)

Untersuchungen uber die anomale Dispersion
angeregter Gase.

I1L Teil *,

Ubergangswahrscheinlichkeit und Dichte angeregter Atome
im Neon; statistisches Gleichgewicht in der positiven Siule.

Von Hans Kopfermann und Rudolf Ladenburg in Berlin-Dahlem.

(Eingegangen am 17. Dezember 1927.)

1. Aus den in U, a. D. IL. mitgeteilten Messungen der anomalen Dispersion (a. D.)
an den gelbroten Neonlinien in der positiven Siiule werden die relativen Osgillatoren-
stirken f, . und DUbergangswahrscheinlichkeiten AU der gzum gleichen unteren Zu-
stand j ge‘ﬁrigu Linien berechnet. Diese Rolativwerte sind bemerkenswerterweise
unabhiingig von Strom und Druck (Tabelle 6 und 7). — 2a. Durch Verwertung
der relativen Intensititsmessungen Dorgelos und geeignote Kombination mit
unseren Messungen der a. D. werden nach U. a. D, 1., 6 die relativen Atomdichten
in den Zustinden g, s, und g; berechnet. Das Verhiiltnis Ngg: Nsg,: Ngy niihert
sich mit wachsendem Strom (unabhiingig vom Druck) dem Werte 100:60: 20 des
statistischen Gleichgewichts bei sehr hoher Temperatur, Mit Benutzung dieses
Wertes werden die A-Werte siimtlicher Linien, bezogen auf die Linie 6402, be-
rechnet. — 2b. Dasselbe Ergebnis folgt anch mit Benutzuag des f-Summensatees
(ohne Verwertung der Intensitiitsmessungen). Zugleich werden so die Absolutwerte
der Osgillatorenstirken, der Ubergangswahrscheinlichkeiten, der Lebensdauern und
der Atomdichten der angeregien s-Zustinde abgeschiitzt.

1. Die Relativwerte der Ubergangswahrscheinlichkeiten.
Im vorangehenden Teil II der U. a. D. haben wir die Methode zur ge-
naven Messung der anomalen Dispersion (a. DD.) an den im Rotgelb ge-
legenen Linien s;— p, des Neons dargelegt sowie die Berechnung der
die Grife der a. D. kennzeichnenden N -Werte [s. Teil I, 2, Gleichung (3))
und ihre Abbiingigkeit von Strom und Druck mitgeteilt. Dabei wurde
der Strom von 0,5 bis etwa 100 mA und der Druck zwischen | ond 9mm
variiert. Besonders bemerkenswert sind dabei die Suttigungswerte N,
denen sich die M-Werte der einzelnen Linien mit wachsendem Strom
nihern; bei den leicht erreichbaren Stromstirken von 50 mA sind die
gemessenen N-Werte von den Endwerten R anscheinend nur noch wenig

* L. und II. Teil s. voranstehende Arbeiten; sie werden im folgenden als
U. a. D. L. baw, [I. zitiert.

Figure C.66: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1928) 48:1-2:51-61].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fiir physikaliche Chemie
und Elektrochemie.)

Untersuchungen iiber die anomale Dispersion
angeregter Gase*,

IV. Teil.

Anomale Dispersion des Wasserstoffs;
wahres Intensititsverhiltnis der Wasserstofflinien H, und Hj.

Von Agathe Carst und Rudoll Ladenburg in Berlin-Dahlem.
Mit 1 Abbildung. (Eingegangen am 2. Januar 1928,)

Durch starke Anregung von atomarem Wasserstoft mit Gleichstrom von 0,2 bis
1 Amp./qem wird anomale Dispersion an F_ und Hp erzengt und photographisch
gemessen. Fir das Verhiiltnis der ,Zahl der Dispersionselektronen* 91 91, ergibt
sich 4,7. Dies Verhilltnis ist nach der quantentheoretischen Dispersionsformel in
erster Anniherang gleich dem der , Stiirke* faff;, der entsprechenden Quanteniberglinge
bzw. im wesentlichen gleich dem der Obergangswahrscheinlichkeiten. Hierfiir be-
rechnet man nach der Quantenmechanik den Wert 5,37. Der Unterschied gegen
den gemessenen Wert liegt etwas auberhalb der Melfehler, er kann durch den
Einfluf negativer Dispersion gedeutet werden, denn diese darf bei der starken An-
regung des Wasserstoffs wahrscheinlich nicht unberiicksichtigt bleiben, wie bei der
Proportionalitit von 9 und f in erster Anniherung angenommen wird,

1. Ziel der Untersuchung.

Die anomale Dispersion (a. ).) des leunchtenden Wasserstolfs, speziell
an den Linien M, und Hjp, wurde zwar schon friiher von dem einen von
uns, z T. gemeinsam mit St. Loria, untersucht **, jedoch dienten damals
Kondensatorentladungen (elektrische Schwingungen starker Dimpfung) zur
Erregung des Wasserstoffs, so daB als Lichtquelle eine vom gleichen Schwin-
gungskreis erregte WasserstofTkapillare benutzt werden mubite. Diese gab in
der Tat in der Umgebung der Balmerlinien ein geniigend ansgedehntes konti-
nuierliches Spektrum, erschwerte aber quantitative Untersuchungen erheb-
lich. Inzwischen ist es R. W. Wood *** gelungen, die Bedingungen zur
Erzeugung von hochkonzentriertem atomaren Wasserstoff aufzufinden;

* Teil I bis 111, abgekiiret U.a. D. 1 bis ITI, s. ZS. [. Phys. 48, 15—61, 1928,
** R. Ladenburg und St. Loria, Verhdlg. d. D. Phys. Ges. 10, 858, 1908;
R. Ladenburg, Ann. d. Phys. 88, 249, 1913.
**%* Proc. Roy. Soc. 97, 455, 1921; 101, 1, 1922; s. auch K. F- Bonhoeffer,
78. . phys. Chem. 113, 199, 1924; 116, 391, 1925,

Figure C.67: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1928) 48:3-4:192-204].
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(Mitteilung aus dem Kaiser Wilhelm-Institut
fiir physikalische und Elektrochemie.)

Untersuchungen uber die anomale Dispersion
angeregter Gase.

V. Teil *.
Negative Dispersion in angeregtem Neon**,

Von H. Koplermann und R. Ladenburg in Berlin-Dahlem.
Mit 6 Abbildungen. (Eingegangen am 12. August 1930.)

Bei Steigerung der Stromdichte in der positiven Shule einer Neon-KEntladung
findet man zuniichst ein Ansteigen der anomalen Dispersion an den rotgelben
s-p-Linien, gemessen durch die Werte 3, und swar verhalten sich alle sum
gleichen unteren s-Zustand gehorigen Linien in gleicher Weise — dies entspricht
dem Ansteigen der Atomdichten im s-Zustand N,. Vermehrt man aber die
Stromdichte ilber ~ 0,1 Amp./qem (bei 1 mm Neondruck), so nehmen die
N-Werte wieder langsam ab, und swar fiir die verschiedenen Linien s, — p,,,
Pes Py - - - bis p, in merklich verschiedener Weise (Fig. 4 und 6). Dies ist
durch das allmiihliche und verschieden starke Anwachsen der Atomdichten in
den p-Zustinden, Ny, ., Ny, ... #u deuten und durch die dadurch hervorgerufene

wnegative Dispersion” gemil der Formel
Npy
Rogpp = Nog fospa (1 —— :"il_).

Diese Deutung wird durch Untersuchung der,,Umkehr** der Neonlinien bestiitigt,
die ein .dhnliches Anwachsen des Verhiltnisses V' = Ny, [Ny, . gs,/gp, 2eigt.
Aus den Messungen liBt sich unter gewissen theoretisch niher begriindeten
Annahmen f{iber die Stromabhingigkeit der Atomdichte im sy-Zustand das
Verhiiltnis ¥ und der Anstieg der N, -Werte mit dem Strom berechnen (Fig. 6).

Bei dem griBten bisher erreichten Strom von 700 mA in einem 0,8 em weiten
Rohr nihern sich die N,-Werte einem ,,Sittigungswert’’ es scheint sich ein
statistisches Gleichgewicht zwischen den Atomdichten in den verschiedenen
Zustinden und den anregenden und vernichtenden Elektronen auszubilden.
Definiert man die zu den s- und p-Zustinden gehorige speszifische Temperatur @
durch die Formel

In V, —-.—f‘g-—_.'@i T — he .i_
PP= """k Op T T khp Oup’

* Teil I, IT, III und IV der U. a. D. siche ZS. f. Phys. 48, 15, 26, 51 u. 192,
1928. Sie werden hier als U. a. D. I . . . IV gitiert.
** Ein Teil der in vorliegender Mitteilung dargestellten Versuche und
Uberlegungen wurde bereits in dem Haber-Band der ZS. . phys. Chem. (A) 375,
1928 verdffentlicht.

Figure C.68: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1930) 65:3-4:167-188].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fiir physikalische Chemie
und Elektrochemie).

Untersuchungen tiber die anomale Dispersion
angeregter Gase.
VI. Teil*.
Kontrollversuche fiir den Nachweis der negativen Dispersion:

Absorption, anomale Dispersion, Intensitdtsverteilung und Intensitit
verschiedener Neonlinien **,

Von R. Ladenburg und 8. Levy in Berlin-Dahlem.
Mit 4 Abbildungen. (Eingegangen am 12. August 1930.)

Die Deutung der in der vorangehenden Arbeit beschriebenen Versuche durch
den Anpstieg der pg-Atome oberhalb 0,1 Amp./qom und durch die dadurch
bewirkte negative Dispersion wird auf zwei Weisen gestiitat: Erstens durch
Nachweis anomaler Dispersion an der Linie 7069 (p,, ~ &) und Messung ihrer
Absorption, die gerade im kritischen Stromgebiet merklich wird und rasch
anwiichst. Zweitens durch den Intensititsanstiog der s—p-Linien. Die Unter-
suchung der Intensitiitsverteilung im Innern dieser Linien in kurgzer und in sehr
langer Schicht mittels Perot-Fabry-Etalons zeigt, daB sie allein durch
den Dopplereffekt bedingt ist; die Temperatur der emittierenden Atome bei
100 mA ist praktisch gleich der des Kihlwassers, Auf Grund der Kenntnis
dieser Daten und der Werte 9 146t sich aus dem Intensititsanstieg der Anstieg
der Dichte der py-Atome mit dem Strom annithernd berechnen und seigt sich
wenigstens qualitativ mit den Ergebnissen der vorangehenden Arbeit in Uber-
einstimmung. AuBerdem werden Messungen der anomalen Dispersion der
H-Werte der s,-Linien swischen 20 und 400 mA mitgeteilt. In einem Anhang
wird die Formel fiir die Intensitat einer Spektrallinie bei Beriicksichtigung der
Absorption in endlicher Schichtdicke kurz abgeleitet.

1. Unsere Deutung der in der vorangehenden Arbeit (U.a.D. V)
beschriebenen Versuche iiber negative Dispersion an elektrisch erregtem
Neon bei hohen Stromdichten berubht auf der Annahme, daB die Atom-
dichte der p,-Zustinde mit wachsendem Strom innerhalb des untereuchten
Bereiches zunimmt und oberhalb von 50 mA einen relativ zur Dichte der
s-Atome merkbaren Betrag besitzt (Termschema siehe U.a.D.V, Fig.1).

Um diese Annahme zu priifen, haben wir nach unmittelbaren
Beweigen fiir den Anstieg der p,-Atome im kritischen Stromgebiet gesucht

* Teil I bis IIT gieche ZS. f. Phys. 48, 16— 61, 1928; Teil IV ebenda 48, 192,
1928; Teil V siehe voranstehende Arbeit (im folgenden zitiert als U.a. D. I usw).

** Die vorliegenden Versuche sind zum Teil infolge einer Diskussion mit
Herrn D. Roschdestwensky entstanden, dem wir fiir seine fordernde Kritik
auch an dieser Stelle herzlich danken.

Figure C.69: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1930) 65:3-4:189-206].
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Experimenteller Nachweis der ,negativen® Dispersion ).
Von
H, Kopfermana und R, Ladenburg.

(Aus dem Kaiser Wilhelm-Institut fur physikalische Chemie und
Elektrochemie, Berlin-Dahlem,)

(Mit 5 Figuren im Text.)
(Eingegangen am 12. §. 28.)

Bel wachsender Stromdichte in der positiven Sdule einer Neomentladung bis
etwa 01 Amp. pro Quadratzentimeter findet man eln Anstelgen der anomalen
Dispersion an dem gelbroten #-— p-Linien (p ist der hohere, energiereichere, # der
tiefere, energicarmers Zustand). Das bedeutet ein ebensolches Anwachsen der an-
geregten Atome in den o-Zustinden, Steigert man aber die Stromdichte weiterhin,
80 beobachtet man nunmebr cine allmihliche Abnahme des Betrages der anomalen
Dispersion (der %-Werte) an den verschiedenen sy — p,-Linien (E =10, 9, 8, 6, 4, 2)
mit steigendem Strom, gerade, wie die quantentheoretische Dispersionsformel
wegen des Einflases der  negativen” Dispersion, ndmlich infolge starkerer An-
regung der Atome in den pp-Zustinden erwarten lisst. Kontrollversuche schlicssen
andere Deutungen der Versuchsergebmisse aus, vor aliem wegen der systematisch
verschiedenen Aboabme der W-Werte der mit vemschiedenen py-Niveaus kombi-
nierenden o;-Linien: Jo tiefer nimlich das betreffende p-Niveau liegt, und jeo starker
e angeregt wird, um so grimser ist die Abnahme der zugehdrigen anomalen Dispersion.

1. Die Theorie des Strahlungsgleichgewichts im Hohlraum und
die Ableitung der Praxckschen Strahlungsformel erfordern neben der
Beriicksichtigung der gewdhnlichen Absorptionsprozesse die Annabme
einer , negativen Absorption”. Je nach dem Schwingungszustand, in
dem ein Oszillator von der auffallenden Strahlung getroffen wird,
kann er ihr Energie entzichen oder hinzufigen. In der Bomgr-Eix-
sTEINschen Auffassung tritt an Stelle des Oszillators ein Atom, das
unter der Einwirkung auffallender Strahlung aus einem tieferen Quan-
tenzustand j in einen hoheren Zustand & unter Absorption von Strah-
lungsenergie gehoben — oder aus dem hoheren Zustand in den
tieferen unter Emission von Strahlung der gleichen Frequenz »,; zu-
rickgebracht wird. Diese Prozesse , erzwungener Emission addieren
gich im Strahlungsgleichgewicht zu den Prozessen ,spontaner Emis-

!) Vorgetragen auf dem 6, russischen Phywikerkongress in Moskau am 6. August
1928,
Figure C.70: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut
fiir Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplifi-
cation of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir
Physikalische Chemie (1928) 139:1:375-385].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fiir physikalische Chémie und
Elektrochemie, Berlin-Dahlem.)

Untersuchungen iiber die Dispersion
von Gasen und Dimpfen und ihre Darstellung
durch die Digperaionstheorlo.

I. Uber die Dispersion des Quecksilberdampfes im Ultraviolett *.
Von Rudolf Ladenburg und Gilnther Wolfsohn in Berlin-Dahlem.
Mit 8 Abbildungen. (Eingegangen am 12. April 1980.)

Mit einem Jaminschen Interferometer aus Quarz wird die anomale Dis-
persion von gesittigtem Quecksilberdampf von bekanntem Druck und be-
kannter Temperatur in der Umgebung der Resonanzlinie 2687 untersucht. Die
Oszillatorenstiirke f, d. h. das Verhiltnis 91/N der Zahl der Dispersionselektronen
zur Gesamtzahl der Molekiile im Kubikzentimeter, wird in Abhiingigkeit vom
Dampfdruck im Bereich von 0,004 bis 200 mm gemessen. Zwischen 0,01 und
200 mm ergibt sich f konstant zu 0,0266 4 0,00056. Unterhalb 0,01 mm ergeben
die Messungen ein geringes Ansteigen des f-Wertes, das noch nicht erklirt
werden kann. Aus den Messungen liBt sich, der Dampfdruckkurve p = p (T)
des Gesamtdruckes entsprechend, eine Kurve p = p(T) ableiten, wobei f~'.p
den Partialdruck der Atome im Dampf darstellt. Wegen der Konstanz von |
oberhalb 0,01 mm unterscheiden sich dort entsprechende Werte der Funk-
tionen p (T) und p (T) nur um einen konstanten Faktor, und die Verdampfungs-
wiirme der Atome stimmt innerhalb eines Prozents mit derjenigen des gesamten
Dampfes ilberein. Der Parialdruck der Molekile im Dampf kann daher
zwischen 0,01 und 200 mm Druck hochstens wenige Prozent ausmachen.

1. Ziel der Arbeit und Untersuchungsmethoden. Nach der
heutigen Dispersionstheorie ist die Dispersion einatomiger Gase und Dampfe
quantitativ berechenbar, wenn die Eigenfrequenzen v, — die Absorptions-
stellen — und die zugehorigen f,-Werte bekannt sind, das sind die Zahlen
der den Frequenzen », entsprechenden Dispersionselektronen pro Atom.
Tatsdchlich sind zwar meist die »g-, aber nur in wenigen Fiillen die f,-Werte
bekannt. Man hat daher bisher umgekehrt die f,-Werte aus Dispersions-
messungen berechnet, indem man mit méglichst wenigen v,- Werten, also mog-
lichst wenigen Gliedern in der Dispersionsformel auszukommen suchte**.

* Ein vorliufiger Bericht iiber diese Untersuchungen wurde am 16. Februar
1929 auf dem Gautag des Gauvereins Niedersachsen (in Géttingen) vorgetragen
und in den Nachrichten der Gesellschaft der Wissenschaften zu Gottingen,
Math.-phys. Klasse, 1929, 8. 1, veriffentlicht.

** Vgl. R. Ladenburg und F.Reiche, Naturwissensch. 11, 584, 1923;
K.F. Herzfeld und K. L. Wolf, Ann. d. Phys. 76, 71, 19256 usw.

Figure C.71: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1930) 63:9-10:616-633].
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(Mitteilung aus dem Kaiser-Wilhelm-Institut fir physikalische Chemie
und Elektrochemie, Berlin-Dahlem.)

Untersuchungen uber die Dispersion
von Gasen und Dimpfen und ihre Darstellung
durch die Dispersionstheorie.

II. Die Dispersion von Quecksilberdampf
zwischen 7500 und 2650 A.

Von Gilnther Wollsohn in Berlin-Dahlem.
Mit 1 Abbildung. (EFingegangen am 12. April 1930.)

Mit Hilfe der in der vorhergehenden Arbeit beschriebenen Apparatur werden
Dispersionsmessungen von Hg-Dampf zwischen 75600 und 2650 A durchgefiihrt.
Die Dispersionskurve rzeigt den theoretisch zu erwartenden Verlauf und lifit
sich mit Hilfe einer dreigliedrigen Dispersionsformel darstellen, die als Eigen-
wellenlingen auBer den Absorptionslinien A = 2537 und 1850 A eine dritte
enthiilt, die die hoheren Glieder der Hauptserie und das anschliefende Kontinuum
gusammenfaBt. Das von Herzfeld und Wolf vermutete Gebiet anomaler
Dispersion bei 2 = 6900A erweist sich als nicht reell.

Dispersionsmessungen an Hg- Darpf sind bereits von Cuthbertson und
Metealfe* und von Mclennan** gemacht worden. Zur Untersuchung
diente das Jaminsche Interferometer. MeceLennan benutzte auBerdem
ein Hohlprisma, das mit gesittiglem Hg-Dampf gefillt warde. Die Mes-
sungen beider Forscher erstrecken sich auf einzelne Wellenlingen des sicht-
baren Spektralgebietes, sie erfolgten visuell durch Zihlung der beim Ver-
dampfen bzw. Kondensieren des Hg-Dampfes im Gesichtsfeld vorberwandern-
den Streifen oder bei den Messungen mit Prisma durch goniometrische
Bestimmung des Ablenkungswinkels. MecLennan arbeitete mit gesittigtem
Dampf. Cuthbertson verdampfte eine vorher abgewogene Menge Hg
vollstindig und bestimmte durch Rechnung die Dichte des im Strahlen-
gang befindlichen Dampfes.

Die Ergebnisse von Cuthbertson und Mcl.ennan sind von Herzfeld
und Wolf*** diskutiert worden. Diese kommen zn dem Krgebnis, daB die
Dispersion von Hg-Dampf unter der Annahme der bekannten ultravioletten

* C.Cuthbertson und E. P. Metcalfe, Phil. Trans. (A) 207, 135, 1908;
Proec. Roy. Soec. London (A) 80, 411, 1908.
** J.C.McLennan, Proe. Roy. Soc. Lendon (A) 100, 191, 1922,
**» K.F. Herzfeld und K L. Wolf, Ann. d. Phys. 76, 71, 1925.

Figure C.72: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir

Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification

of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1930) 63:9-10:634-639].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fir physikalische Chemie und
Elektrochemie, Berlin-Dahlem.)

Untersuchungen tiber die Dispersion
von Gasen und Dimpfen und ihre Darstellung
durch die Dispersionstheorie.

III. Die Dispersion des Sauerstoffs zwischen 6000 und 1920 A.
Von R.Ladenburg und G. Wollsohn in Berlin-Dahlem.

Mit 3 Abbildungen. (Eingegangen am 6. August 1932.)

Dispersionsmessungen des Sauerstoffs bis herab zu 1920 A, die mit einem neu
konstruierten Interferometer ausgefiihrt sind, lassen sich durch eine Dispersions-
formel mit drei Gliedern gut darstellen. Die Konstanten sind: 1, = 1899 A,
fo = 40.10-, i, = 1468, f, =020, A, = 544 A, f, = 5,93. Die erst-
genannte Eigenfrequenz entspricht der Absorptionsteilbande ¢” = 0 -+ v’ = b
des Schumann-Runge-Systems, deren Kante bei 1903 A liegr, der zugehorige
f-Wert einer mittleren Ubergangswahrscheinlichkeit einer einzelnen Rotations-
linie A ~ 4.10%. J, ist der Schwerpunkt des an die Konvergenzstelle der
Schumann-Runge-Banden bei 1750 A anschlieBenden Kontinuums, das sich
bis 1300 A erstreckt, wie durch anderweitige Absorptionsmessungen bestitigt
wird. f, = 0,20 ist der Integralwert der gesamten Bande einschlieBlich Kon-
tinuum, entspricht also dem zugehdrigen Elektronensprung. i, ist als Schwer-
punkt eines oder mehrerer Bandensysteme im kurzwelligen Ultraviolett anzu-
sehen; das zugehirige Absorptionsgebiet reicht von 1300 bis unter 300 A.

Wir haben in fritheren Arbeiten!) den Einflub der ultravioletten Ab-
sorptionslinien auf die Dispersion des Quecksilberdampfes gemessen und
die Giltigkeit der quantentheoretischen Dispersionsformel nachgewiesen.
Der Zweck der vorliegenden Versuche und weiterer geplanter Arbeiten ist,
diese Untersuchungen auch auf mehratomige Gase auszudehnen und fest-
zustellen, wieweit es mdglich ist, die Dispersion solcher Gase auf den EinfluB
der Absorptionslinien und des kontinuierlichen Teils ihres Bandenspekirums
zuriickzufithren. Hierbei interessierte uns in erster Linie, die Lage der aus
den Dispersionsmessungen berechneten Eigenfrequenzen mit dem Ab-
sorptionsspektrum zu vergleichen sowie aus den Zihlern der Dispersions-
glieder Ubergangswahrscheinlichkeiten fir die verschiedenen mdglichen
Quantenspritnge zu berechnen. In zweiter Linie war beabsichtigt, wo-
moglich an den einzelnen Linien einer Teilbande anomale Dispersion nach-
zuweisen, Als Objekt fir unsere Untersuchungen haben wir zunichst den

1) R.Ladenburg u. G. Wolfsohn, Z8. {. Phys. 63, 616, 1930; 65, 207,
1931; G, Wolfsohn, ebenda 63, 634, 1930.

Figure C.73: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1932) 79:1-2:42-61].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fir physikalische Chemie
und Elektrochemie, Berlin-Dahlem.)

Untersuchungen iber die Dispersion
von Gasen und Dimpfen und ihre Darstellung
durch die Dispersionstheorie.

V. Dilpc;nlon von Quecksilberdampf zwischen 2800 und
1890 A und Lebensdauer des Hg 7p 'P:Zustandes.

Von G. Wollsohn @. 7. Berlin-Charlottenburg.
Mit 8 Abbildungen. (Eingegangen am 21. Februar 1938.)

Im AnschluB an frither ausgefithrte Meuungen der Dispersion von Queoksllber-
dampf zwischen 7000 und 2700 A werden mit einem Interferometer nach Jamin-
Mach mit FluBspatoptik Dispersionsmessungen zwischen 2800 und 1890 A
ausgefilhrt. Die Dispersion von Hg-Dampf zwischen 7000 und 1890 A wird
durch eine dreigliedrige Dispersionsformel dargestellt. Das erste Glied entspricht
dem EinfluB der Interkombinationslinie 6 8'S,— Tp %P, A = 2587 A auf die
Dispersion, das zweite demjenigen der Linie 6s'S,— 7p'P, A= 1860 A,
Durch das dritte Glied wird dem EinfluBl der weiter im Ultravioletten liegenden
Eigenfrequenzen Rechnung getragen., Der f-Wert der Linie 1850 ergibt sich
zu 1,19 -- 0,02, Hieraus erhilt man fiir die Ubergangswahrscheinlichkeit des
sugehdrigen Quantensprungs den Wert A4 = 7,70 108, fiir die Lebensdauer des
7p'Py-Zustandes T = 1,30 10-°,

Messungen der Dispersion von Hg-Dampf, die ich frither im Spektral-
gebiet von 7500 bis 2700 A ausgefithrt habe!), haben ergeben, da8 die Dis-
persionskurve sich erwnrtungagemaﬂ durch cine Formel

f;l’l
2 : 23"",. 2 r‘—i (1)

fur den Brechungsquotienten ng darstollen laBt (e, m Elektronenladung
bzw. -masse, ¢ Lichtgeschwindigkeit), Da man den Brechungsquotienten
auf einen fiktiven Dampf von 0° und 760 mm Druck bezieht, der bei Hg
die Dichte 0,00895 g/cm?® besitzt, so ist N, gleich der Avogradroschen Zahl
pro Kubikzentimeter zu setzen. Zur Darstellung der MeBergebnisse muBten
in Formel (1) drei ultraviolette Eigenfrequenzen angenommen werden, von

” —
v 2::mc’

1) G. Wolfsohn, ZS. f. Phys. 63, 634, 1930.

Figure C.74: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1933) 83:3-4:234-246].
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(Mitteilung aus dem Kaiser Wilhelm-Institut fir physikalische und Elektro-
chemie, Berlin-Dahlem.)

Untersuchungen uber die Dispersion
von Gasen und Diampfen und ihre Darstellung
durch die Dispersionstheorie.

V. Ein Interferometer
fiir Dispersionsmessungen im Schumanngebiet.

Von 6. Wollsohn, zur Zeit in Utrecht.
Mit 1 Abbildung. (Eingegangen am 4. Juli 1933.)

Beschreibung eines Jamin-Machschen Interferometers mit FluBspatoptik,

bei dem der optische Strahlengang ganz im Vakuum gefilhrt ist und das in

Verbindung mit einem VakuumfluBspatspektrographen fiir Dispersionsmessungen

im Schumanngebiet geeignet ist. Vorldufige Messungen der anomalen Dispersion

an der Hg-Linie 1850 A mit dem Ergebnis f = 1,3 + 0,15 fiir den f-Wert dieser
Linie.

Kiirzlich haben R.Ladenburg und ich in dieser Zeitschrift!) eine
abgeinderte Konstruktion des Jaminschen Interferometers beschrieben,
bei dem jede der beiden mehrere Zentimeter dicken aus Glas oder Quarz
bestehenden Interferometerplatten durch eine 5 mm dicke halbdurchlissig
platinierte FluBspatplatte und einen mit einer Hochheimschen Silicium-
Silberlegierung belegten Planspiegel ersetzt wird, die durch ein planparalleles
Distanzstiick aus Invarstahl in festem Abstand miteinander verbunden sind
(vgl. J in Fig. 1). Mit dieser Anordnung konnten in Verbindung mit einem
Quarzspektrographen Dispersionsmessungen bis an die Grenze des Schumann-
gebietes ausgefiihrt werden?®). Ein solches Interferometer erhilt jedoch,
wie daselbst betont ist, seine volle Leistungsfihigkeit far Messungen im
Ultraviolett erst dann, wenn man den gesamten optischen Strahlengang
ins Vakuum verlegt und an Stelle des Quarzspektrographen einen Vakuum-
fluBspatspektrographen verwendet. Mit einer solchen Anordnung, die im
folgenden beschrieben wird, konnten in der Tat mit einer lichtstarken
Wasserstoffentladung als Lichtquelle Interferenzstreifen bis 1500 A photo-
graphiert werden. Damit wird ein far Dispersionsmessungen wichtiges
Spektralgebiet der Messung zugiénglich gemacht.

1) R.Ladenburg u. G. Wolfsohn, ZS. {f. Phys. 79, 42, 1932,
*) An Sauerstoff: R. Ladenburg u. G. Wolfsohn, L ¢.; an Hg-Dampf:
G. Wolfsohn, ebenda 83, 234, 1933.
Figure C.75: Rudolf Ladenburg and other members of his group at the Kaiser Wilhelm Institut fiir
Physikalische und Elektrochemie demonstrated stimulated light emission from atoms (amplification
of the number of photons of light from atoms) during the period 1927-1931 [Zeitschrift fiir Physik
(1933) 85:5-6:366-372].
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16 Claims,

Prior to our present invention, various expedi-
ents have been proposed to obtain glasses which
reduce or eliminate rays, and particularly ultra-
violet rays, liable to produce injurious effects.

5 One type of glass introduced for this purpose

(CL 106—36.1)

ture and working of glass containing the higher
percentages of neodymium oxide (above 30%),

and for this reason the percentage of neodymi-.

um oxide used by us ranges generally from about
5% to about 30%.

contained a considerable addition of neodymium, In addition to the neodymium oxide, our im- s
as neodymium oxide (generally in the form of proved glass contains, as an important ingredi-
commercial didymia, about 60% of which con- ent, an amount of vanadium (as vanadium ox-
sists of neodymium oxide, Nd20:). Besides the ide, preferably the pentoxide, V20s) sufficient

10 protective effect referred to above, such glasses to produce the desired results, that is, an ex- 10
containing a considerable proportion of neodymi- tremely strong absorption of light in the ultra-
um have the valuable advantage that objects violet region and simultaneously a damping or
viewed through them exhibit richer color con- toning down in the region of the visible light, It
trasts, that is, red, green and blue appear in- has been found that if this double effect is to be

15 tensified or more vivid. The absorption obtained obtained by the addition of vanadium to glass 15
with protective glasses of this type as made containing a relatively high percentage of neo-
hitherto, was insufficient for some purposes. dymium oxide, a fairly high proportion of vana-
Even if it were practicable to introduce neodymi- dium (for instance, as V20s) must be employed,
um into the glass in extremely high concentra- say from about 0.3% to about 3%. While this

20 tion, the absorption would still remain relatively will produce the desired strong absorption in the 20
slight in the ultra-violet region: Efficient ab- ultra-violet region and a reduction of the pervi-
sorption in that region is however indispensable ousness of the glass to visible rays, it is accom-
when the glass is to be used for aviator's goggles, panied by the production of a greenish stain or
snow-glasses, etc. It would indeed be possible, tint, owing to the fact that the green tint due

25 by an addition of cerium (in the form of cerium to the addition of vanadium oxide is sufficiently 25
oxide), to increase the absorption within the ul- powerful to overcome or outweight the violettish
tra-violet region. Even this would not be sufii- tint given to the glass by the neodymium oxide,
cient for the purposes mentioned above. Fur- The greenish tint which the glass assumes when
thermore, the addition.of cerium will not reduce it contains both neodymium and vanadium in the

30 the amount of visible light transmitted through relatively high proportions mentioned above, 30
the glass. d gives the glass an unpleasant appearance. Fur-

The object of our invention is to increase the thermore, such glass no longer intensifies with
total absorption of light, that is to say, not only substantially uniform strength, all the colors
to absorb the invisible ultra-violet rays effec- viewed therethrough, lacking therefore this prop-

35 tively, but also to damp or tone down the trans- erty which is possessed by glass containing neo- 36
mission of the visible light rays. For instance, dymium oxide but no vanadium oxide. ‘We may
the absorption of the ultra-violet rays may be add that glass containing vanadium but no neo-
substantially complete, and the visible light may dymium has a very pronounced unpleasant
be reduced by absorption to, for example, 30% greenish tint and lacks the uniform strengthen-

40 of its original amount. ing of the colors just referred to above. 40

In order to obtain these results, we employ We have endeavored to produce a glass con-

" glass containing oxides of neodymium, of vana- taining both neodymium oxide and vanadium
dium, and oxides of certain additional metals _oxide yet free from the detrimental and disturb-
which correct the disagreeable greenish tint ob- ing secondary effects of vanadium which have

45 served when vanadium oxide is incorporated in  been pointed out above. That is to say, we have 45
glass without such corrective additions. sought for a remedy that would remove or neu-

In carrying out our invention, we employ glass tralize the greenish tint due to the presence of
containing a relatively high percentage of neo- vanzdium, give the glass an agreeable neutral

- dymium oxide, Nd:0s, that is to say, a per- grayish or bluish-gray tint, and preserve the con-

50 centage sufficient to increase the color con- trast-heightening effect due to the presence of 50
trasts of" objects viewed through the glass. neodymium. - It might have been assumed that
Such percentage may range from about 5% to such a remedy would be afforded by adding some
about 50%. The desired absorptive effects are coloring matter which, considered by itself, would
obtained within this entire range. However, there impart a purplish tint to the glass. We found,

A% are certain practical difficulties in the manufac- however, that among the various oxides which 55

Figure C.76: In 1934, Franz Weidert and Hans Loffler invented neodymium glass with unusual
spectral properties that made it suitable for a variety of optical applications (ultimately including
neodymium glass lasers).
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are known as coloring or tinting ingredients in
the manufacture of glass, there is no single oxide
which by itself alone will have the desired effect
of imparting a purplish tint to the glass, and the
addition of which will correct the undesirable
effects of the addition of vanadium.

As a result of our investigations, we found that
the desired effect can be obtained by adding to a
glass of the character described (containing

2,319,133

oxide (Ndz0s3) in the glasses amounts to 10.92%,
11.28% or 8.76% respectively.

Each of these three glasses, A, B, and C has &
neutral gray or bluish gray tint, has the same
color - strengthening or contrast - heightening
effects as neodymium glass of the prior art, ab-
sorbs ultra-violet light with practical complete-
ness, and damps the visible light to about 30%
of its original amount.

10 neodymium and vanadium), s mixture of two Various modifications may be made without 10
ingredients, one constituted by a cobalt com- departing from the nature of our invention as
pound, for instance the oxide Co3O4, and the - set forth in thé appended claims. ’
other by a nickel compound, for instance the We claim:
oxide NiO, or a manganese compound, for in- 1. A protective glass containing from about 5%

15 stance the sesquioxide Mn;Os. This nickel oxide, to about 50% of neodymium oxide and an addi- 18

' considered by itself, reduces the transmission of tion of vanadium oxide.
light within the entire range of the spectrum, but 2. A protective glass containing from about 5%
its weakening or absorbing action is least In the to about 50% of neodymium oxide and from
region of red rays, so that the transmission of about 0.3 to about 3% of vanadium oxide.

20 red is favored over that of other colors. The 3. A protective glass containing from about 5% 20
weakening within the entire range of the spec- . to about 30% of neodymium oxide and an addi-
trum is of great importance for the purposes of tion of vanadium oxide.
our present invention, because we desire not only © 4. A 'protective glass containing from about 5%
to suppress the transmission of ultra-violet rays to about 30% of neodymium oxide and from

25 completely or nearly so, but-also to damp the about 0.3% to about 3% of vanadium .oxide. 25
light, or absorb a portion thereof, throughout the 5. A protective glass containing neodymium
region of visible light. .Cobalt oxide gives the oxide, vanadium oxide, cobalt oxide, and the oxide
glass a bluish tint, but at the same time permits of a metal selected from the g'roup composed of

_ substantial amounts of red to pass through. nickel and manganese.

30 Neither nickel oxide nor cobalt oxide will cut off 6. A protective glass containing neodymium 3
or even excessively weaken that end of the spec- oxide, vanadium oxide, cobalt oxide, and nickel
trum opposite to the portion corresponding to the oxide.
vl!ght the transmission of which is favored, and 7. A protective glass containing neodymium
'thus we preserve the property of strengthening, as  oxide, vanadium oxide, cobalt oxide, and manga-

38" uniformly as possible, all the colors of the ob- nese sesquioxide. »
Jects viewed, which property is possessed by the 8. A protective glass containing Irom about 5%
protective glasses mentioned at the begin.nins of to about 50% of neodymium oxide, from about
this specification. 0.3% to about 3% of vanadium oxide, from about

The addition of cobalt oxide, if made in suitable 0.005% to about 0.05% of cobalt oxlde, and from

40 amounts, has the further advantage of giving the about 0.05% to about 0.4% of nickel oxide. 40
entire glass a bluish-gray tint which is particu- 9. A protective glass containing from about 5%
larly agreeable to the eyes. to about 50% of neodymium oxide, from about

As stated above, & mixture of manganese oxide 0.3% fo about 3% of vanadium oxide, from
“(preferably the sesquioxide, Mnz03) and cobalt about 0.005% to about 0.05% of cobalt oxide, and
45 oxide may be substituted for the mixture of from about 0.05% to about 0.39% of manganese 45
" nickel oxide and cobalt oxide; or we may employ sesquioxide.
mixtures containing cobalt oxide, nickel oxide, 10. A protective glass contalring from about
and manganese oxide. In each case, the useful 5% to about 50% of neodymium oxide, from
results explained above will be obtained. about 0.3% to about 3% of vanadium oxide, from

850  As to the proportiems of the oxides just men- 8bout 0.005% to about 0.05% of cobalt oxide, 50
tioned, these may be varied according to cir- from about 0.05% to about 0.4% of nickel oxide,
cumstances. As a rule, the proportion of cobalt #nd from ahout 0.05% to about 0.03% of man-
oxide will be within the range of about 0.005% 8anese sesquioxide.
to about 0.05%, that of nickel oxide from about 11. A protective glass containing from about

85 0.05% to about 04%, and that of manganese 5% to about 30% of neodymium oxide, from about 55
oxide from about 0.05% to about 0.3%. 03% to about 3% of vanadium oxide, cobalt

Three typical examples of glasses according to 0Xlde, and the oxide of a metal selected from the
our invention are composed as follows: group composed of nickel and manganese.
12. A protective glass containing neodymium

60 3 » o oxide in a proportion which by itself would give 60
e the glass a violettish tint and which is sufficient
"8 Por- Por to increase the color contrasts of objects viewed

cemt | Percent | cem . through the glass, vanadium oxide in a propor-
%3 | ™2 | %5  tion suMcient to overcome such violettish tint and
18 |37 1m to glve the glass a greenish tint, and a neutraliz- 65
#3] %% | 4% ing addition to overcome such greenish tint and
J1Ls | o100 10.5 to give the glass a bluish-gray tint, said addition
1 33 1.%% | %%  containing cobalt oxide and the oxide of & metal
0.01 | o0.008| 0007 selected from the group composed of nickel and
oz @0 | @M manganese. 70
99.91 | 100.008 | 100.047 13. A protective glass containing neodymfum
oxide in a proportion which by itself would give
In the three examples, shown above, the “com- the glass a violettish tint and which is sufficient
mercial didymium oxide” contains about 60% to increase the color contrasts of objects viewed
78 neodymium - oxide, so that the amount of such through the glass, vanadium oxide in a propor- 76
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Figure C.77: In 1934, Franz Weidert and Hans LofHler invented neodymium glass with unusual
spectral properties that made it suitable for a variety of optical applications (ultimately including
neodymium glass lasers).
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tion sufficient {o overcome such violettish tint and
to give the glass a greenish tint, and a neutraliz-
ing addition to overcome such greenish tint and
to give the glass a bluish-gray tint, said addition

3

through the glass, vanadium oxide in a propor-
tion sufficlent to overcome such violettish tint
and to give the glass a greenish tint, and a neu-
tralizing addition to overcome such greenish tint

5 containing cobalt oxide and nickel oxide. and to give the glass a bluish-gray tint, said eddi- &
14, A protective glass containing neodymium tion containing cobalt oxide, nickel oxide, and
oxide in a proportion which by itself would give manganese sesquioxide.
the glass a violettish tint and which is sufficient 16. A protective glass containing from about
to increase the color contrasts of objects viewed 5 to 50% of neodymium oxide, an amount of
10 through the glass, vanadium oxide in a propor- vanadium oxide corresponding to about from 10 10
tion sufficient to overcome such violettish tint and to 14% of the neodymium oxide content, an
to give the glass a greenish tint, and & neutraliz- amount of cobalt oxide correspopding to about
ing addition to overcome such greenish tint and at least 0.5% of the vanadium oxide .content,
to give the glass a bluish-gray tint, said addition and an addition consisting of the oxide of a metal
15 containing cobalt oxide and manganese sesqui- selected from the group consisting of nickel and 156
oxide. . manganese, said addition amounting to from
15. A protective glass containing neodymium about 5 to 9% of the vanadium oxide content.
oxide in a proportion which by itself would give
the glass a violettish tint and which is sufficient FRANZ WEIDERT.
20 to increase the color contrasts of objects viewed HANS LOFFLER. - 20

Figure C.78: In 1934, Franz Weidert and Hans LofHler invented neodymium glass with unusual
spectral properties that made it suitable for a variety of optical applications (ultimately including
neodymium glass lasers).
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[Neodymium-doped glass is now widely used to make lasers, especially high-power laser systems.
Due to the optical properties of the neodymium glass, that material absorbs ordinary, visible,
incoherent light (such as light from photographic flash lamps) and emits infrared coherent (laser)
light with a wavelength of approximately 1.06 pm.

As illustrated by the preceding U.S. Patent 2,219,122 and the following FIAT 824 report, Franz
Weidert (German, 1878-1954) and Hans Loffler (German, 77-?7) invented neodymium glass in or
before 1934, and filed several patent applications from 1934 onward. They described its unusual
spectral properties and developed a wide variety of optical applications for it.

FIAT 824 (p. 3132) stated that much of the optical industry of the German-speaking world was
located in areas that were taken over by Russian forces after the war (Russian-occupied zones of
Germany and Austria, and also Czech and Polish territory). Therefore even after the war, Western
Allied countries did not have much information regarding just how far neodymium glass and other
potentially laser-related optical technologies had advanced in the German-speaking world by 1945.

However, it is clear that scientists in the German-speaking world:

e Had been working with neodymium-doped glass since at least 1934 and were fully aware of
its spectral properties and potential optical applications that those enabled (pp. 3128-3132).

o Were well aware of the high-profile publications by Albert Einstein, Walther Bothe, James
Franck, Rudolf Ladenburg, and others during the period 1916-1931 demonstrating the the-
oretical feasibility and experimental evidence for stimulated emission of light in laser-like
optical systems (pp. 3102-3127).

e Were keenly interested in developing monochromatic light sources—something like a laser
that would only emit light of one particular wavelength (pp. 3137-3156).

e Were doing extensive research on new methods of producing and detecting infrared light, as
well as developing a wide variety of applications of infrared light (pp. 1131-1156).

Given all of these known facts, it is not unreasonable to wonder whether laser-like applications of
neodymium glass may have been proposed or investigated in wartime Germany, or whether such
work may have influenced the development of neodymium glass lasers in other countries after the
war.

According to official histories, neodymium lasers were first demonstrated in 1961 in the United
States [Bromberg 1991, p. 101]. Was that development directly or indirectly aided by the large
amount of advanced optical materials, information, and scientists that the United States obtained
from Germany and Austria at the end of World War II (see for example pp. 624-642, 680688,
1131-1156, 1260-1285, and 2923-3018)?

Much more archival research needs to be conducted to investigate these questions and the relevant
history.]
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FIAT 824. The Miscellaneous Glass Industry of Central Europe.

[p. 1:] This report presents the results of an extensive study of the miscellaneous glass industry in
the British, French, and American Occupied Zones of Germany and Austria, from December 1945 to
May 1946. [...] Much of the German and Austrian glass industry is located in the Russian Zone from
which no direct information could be obtained. In many instances this presented unusual difficulties
arising from the fact that suppliers of equipment and materials, as well as glass manufacturing
plants, were not accessible. [...]

[pp. 3-4:] Rare earths are in wide use in the production of special glasses, particularly ultra-violet
and infra-red absorbing protective glasses. Cerium is commonly used in the form of ignited cerium
dioxide. Several grades of neodymium compounds of varying purity were found to be in use]...]

[p. 31:] A glass of relatively high neodymium content has come into rather wide use during the war
under the trade name of Neophan (See Table 15 Appendix 4). Glasses containing neodymium have
been used for spectacles and other special purposes for some time, and even the Neophan series
have been known from the Weidert patents, but the wide extent and purposes of its more recent
use seem worthy of comment. These glasses have been used for sun glasses, for military aviators
and anti-aircraft crews, for locomotive engineers, and in short, for all purposes for which the readier
and more precise discrimination among colors, particularly signal colors, is of importance. They
have also been used for illuminating ball rooms and butcher shops to yield more desirable color
observations. They have been used as mirrors in hospitals, since the patients think that they “look
better” when they view themselves in such mirrors. It is believed that the compositions used for
all of these purposes are variants of the composition listed. The essential feature apparently resides
in the characteristic neodymium absorption bands. [...]

[p. 55] TABLE 15
NEOPHAN GLASS

Syntheses

Si09 61.6
NagO 9.7
K>O 5.88
ASQOg 0.57
Ndy0s3 12.03
PI‘QO?, 3.11
La203 5.6
VdaOy 1.24
Cry03 0.02
06203 0.16
NiO 0.14
CoO 0.05

Melted in open pots with blocking during melt

Blown into cylinders, split and flattened

Used for eye protection and aiding color discrimination

This glass is 75% light absorbing, but it is also made with 25, 50 and 90% light absorption
Derivatives are used for a variety of purposes as described on page 31

See U.S. Patent No. 2,219,122
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PATENTSCHRIFT

Nt 735435

KLASSE 21f GRUPPE 8201
' F 88927 V1llclerf

¥ " Franz Focke in Bromberg #

ist als Erfinder genannt worden.

Franz Focke in Bromberg

Anordnung zur Exzeugung von Lichtstrahlen mittels gasgefiillter Entladungsraume,
die mit Hochfrequenzstrom betrieben werden

Patentiert im Deutschen Reich vom 73. Oktober 1940 an

Patenterteilung bekanntgemacht am 8. April 1943

Es ist bekannt, Licht mittels gas- oder
metalldampfgefiiliter Entladungstéhren zu er-
zeugen, die unter Uberlagerung eines Hoch-

. frequenzstromes betrieben werden. Man . er-
5 hillt dadurch eine gewisse Steigerung der
Lichterzeugung, weil die zum Erzielen einer
bestimmten Lichtintensitit erforderliche Be-
tricbsspanfung im Gebijet der ulrakurzen
Frequenzen iiber etwa rof Hertz Dedcutend
10 kleiner ist’ als bei . Niederfrequenz. = LEine
wesentlich rentablere Lichterzeugung wurde
jedoch dadurch nicht efzielt. '
- Die vorliegende Erfindung geht nun von der
Erkenntnis aus, daf die Lichterzeugung dann
15 wirtschaftlicher gestaltet werden kann, wenn
man bei gleichzeitiger. Anordnung von Mit-
teln zur leichteren Uberwindung der Stabilitét
der Fillgasatome auch Vorkehrungen trifft,
dall die angeregten Atome dic Anrcgungs-

energie im ungestdrten Zustande abgeben 2o
kénnen. - . )
Die Lichtstrahlen werden bekanntlich von

- den dic Atomkerne umkreisenden Elektronen

ausgesendet.  Spektroskopische Tatsachen’
filhrten zur Erkenntnis, daB die Elektronen 25
cine Ligenrotation und damit ein magneui-
sches Feld besitzen. Wenn nun Elektronen
in den Kern cingebaut sind, so ist zu erwar-
ten, daB dieser ebenfalls ein magnetisches
Feld besitzt, und zwar zumindestens dann, 30

-wenn die Zahl der Kernelektronen ungerade

ist. Von Bedeutung ist ferner, dal die mitr-
lere Verweildauer der Elektronen in angereg-
tem Zustande temperaturabhingig ist; bei |
ticfen Temperaturen bleibt der angeregte Zu- 35
stand crhalten, wdhrend bei hohen Tempera-
wren die angeregten Elcktronen durch die
\Wirmeschwingungen der Atome rasch in den

Figure C.79: In 1940, Franz Focke filed a patent application on using resonant excitation to create
a population inversion of electron energy levels in a gas, in order to create a light beam with a
particular wavelength.
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.
urspriinglichen Zustand zuriickgeworfen wer- Es geniigt daber auch hicr cine schwache
den. Anregung, d.h. cine geringe Stromstirke,
Die Erfindung bestcht nun darin. dali der ! um dieses Niveau dermalien anzurcichern. daf
Entladungsraum  ciner  Strahlenguelle  als | sich die sichtbaren Linien wic Resonanziinien g
5 .1lokiraumresonator. z I3, in Form ciner Kugel. | verhalten.
ausgebilder ist und solchen Gasdruck und Bei der Verwendung der Resonanzlinie zur
«olche Abmessungen erhilt. dafs bei gecigne- Lichterzcugung ist dic Anrcgungswah rschein-
wr erregender Hochfrequenzspannung die ent- lichkeit cine Funktion der kinetischen Energie
schenden  clektromagnetschen  Resonanzzu- | der Elektronen. Am hiiuligsten stoben Elek- 7o
sa ~iinde cine Anregung der Elcktronen des | tromen mit ctwa der. doppelt bis viermal so
Fitllgases zum Aussenden cines im Sichtbaren groben kinetischen  Energie wie die An-
liczenden Wellenbereichs zur Folge haben. | regungsencrgic ciner Atomlinic mit den Ato-
Der Schwingzustand hiilt sich beim Hohl- [ men unclastisch zusammen. Verwendet marn
raumresonator durch das Hinundherpendeln | Gase mit kleiner Anregungsspannung, so hilft 7s
15 svischen clekrrischen und magnetischen Ener- | man sich hekanntermalien gegen die unnitig
siczustiinden  aufrecht.  Durch die  relativ hohe Geschwindigkeit der Jlcktronen durcle
aleichmiilbige  Stromverteilung  der Oberfi- die Zufiigung von Edelgasen. die sich durch
henstrome ldangs der Umhiillung treten nir- | besonders hohe Anrcgungsspannungen aus-
wends ungewdhnliche Stromdichren und da- zeichnen, wodurch man cine grotie Zahl cla- o
a her keine Erwdrmungen auf, auberdem ent- | stischer Zusammenstdlie erhiilt,
fallen die Verluste durch Strahlung nach Es ist ferner bekannt, dald das Ausstrahlen
auben. : . “von Elcktronen nur bei einer ganz bestimmuen
Der magnetische Typ des kugelférmigen Einfallsgeschwindigkeit der erregenden Hach-
Itohlraumresonators  besitze  bekanntlich  in | frequenzspannung stattfindet, d. h. dicser 25
25 radialer Richtung cine magnetische Fetdkom- Effckt muld cinen Resonanzcharakrer zeigen.
ponente,  wihrend  dic cntsprechende  elek- | und der Energic- und Impalssatz mud gleich-
wrizche Feldkomponente in dieser Richtung i zeitig erfillle sein. Die innere Energie eciner
verschwindet. Dic clcktrischen Felder verlau- ! Gesamtheit von Ladungen, wic cin Atom sic
fen in Kreisen in Ebenen scenkrecht zu den I darsicllt, kann nur periodisch nach denQuan- ga
o magnetischen Kraftlinien.  Eigenwelle 2. und tenbedingungen in Strahlung umgesctzt wer-
Kugelradius R stchen bei diesem Typ im 7u- | den. Die Wechselwirkung mit jeder clck-
~ammenhang /.= 1.4Jo R. trisch geladenen Materic beruht daher darauf,
Fin nicht ionisiertes Wasserstoifatom be- | dafh das Wellenfeld ciner Quantenstrahiung
steht aus einem Kern und cinem ihn umkrei- | cin elektromagnetisches Feld ist. o
15 senden Elektron; es fallen Achse und Mittel- Zur Erzeugung geeigneter Resonanzbedin-
punke vom Kern und Elcktronenring im ; gungen ist cs notwendig, dal die crregende
energetisch tiefsten  Zustand zusammen, so Hochfrequenzspannung  das Magnetfeld im
dats das clektrische Moment Null ist und das | Hohlraumresonator senkrecht durchsetzt. so-
magnctische praktisch gleich dem des Elek- | fern keine starken Feldverzerrungen auftrewen. 1on,
so trons. Man kann unter ganz geringem Ener- In der Fig.1 zcigt das Bilda den bekann-
gicaufwand- das Elcktron abspalten, und cin | ten Verlauf der elektrischen Kraftlinien - der
Elekronensto von nur 14 Elcktronenvolt clektromagnetischen Grundschwingung  in
Energic vermag schon das Wasserstoffatom cinem  kugelformigen  Hohlraumrcsonator.
7z ionisieren. Mabgebend fiir die Stabilitde | wobcei dic DurchstoBpunkte der senkrecht zur '
15 dicses Kernes ist sein Drchimpuls und sein | Zeichencbene gehenden Feldlinien angedeuter
magunetischer Moment. sind. Das Bild b zeigt dic magnetischen Kraft-
Nimmt man nun z. B. Wasserstoff als Fiill- | linien dieser Hohlkugel. Beide Feldverteilun-
gas fir den kugelférmigen Hohlraumresona- § gen sind rotationssymmetrisch um die gezcich-
tor, so braucht dic crregende Hochfrequenz- | nete Achse. 10
so spanmung gerade nur so grof zu scin, dab Die Fig. 2 zeigt schematisch ein Anwen-
dic Elckironen abgespalten werden. Das ma- dungsheispiel fiiv den grundsitzlichen Aufbau
enctische Feld des tHohlraumresonators cr- ciner ertindungsgemiibien Vorrichtung. Indem
leichiert dic Llektronenabstoliung, aubierdem | kugelférmigen Glasgefiilh 1 befinder sich cine
konnen dic angeregren Elcktroner dic An- = Gasfiillung und dic ringférmigen Elcktroden 2 115
55 regungsencrgic im ungestérten Zustand ab- © und 3. die isoliert eingefiibrt und im Jnnen-
ceben, weil keine Wirmeschwingungen auf- - raume der Kugel derartig gehalien werden,
reten., dal sic im Bereiche des grofiten Spannungs-
Beim Helium ist auch weiter bekannt, dali , unterschiedes des elektrischen Feldes z lic-
dicjenigen Niveaus, von denen aus hauptsiich- |, gen kommen. Das Innere der Glaskugel st 120
fo dich die \uregung der sichtbaren Linien cr- { bis auf cinen kreisformigen Ausselmitt auf

tolgt, eine besonders hohe_Verweilzeit haben.

!
1
|

der unteren Kalotte 4 meallisiert oder mit

Figure C.SO: Ip 1940, Franz Focke filed a patent application on using resonant excitation to create
a population inversion of electron energy levels in a gas, in order to create a light beam with a
particular wavelength.
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Metall 5 auszekleidet. Die Klemmen Gund ;7 | N .
l PATENTANSPRCCHE!

dienen zum Anschluly der Hochirequenzspan- 25
nung. 1. Anordnuny zur Erzeugung ven Licht-
Wird" nun den Klemmen dic erregende strahlen mitiels gasgefiillier Entladungs-

5 Hochfrequenzspumung _mit ciner fiir jedes - riume, dic mit Hochfrequenzstrom  be-
Gas ganz bestimmten Encrgic zugefithrt und - trichen werden. dadurch  gekennzeichnet,
eleichzeitiy die Dimensionen des ITohlraumes . dal} di~ Entladungsriume als IHohlraum- 30
und der Gasdruck so gewiihit. dafd die ent- . resonatoren ausgebildet sind und solche
sichenden  clektromagnetischen  Resonanzzu- ; Gasdriicke und Abmessungen  erhalten,

1o stiinde das Ausstrahlen der Elcktronen im dab dic bet eciner gecigneten Hochfre-
Resonanzeharakter bei cinem im Sichtbaren | gquenzspannung  entstehenden  elektroma-
licgenden Wellenkingenbereich vor-sich gehen ! gnctischen  Resonanzzustinde cine An- 35
lassen, so treten Lichistrahlen auf, welche | regung der Elcktronen des Fiiligases zum
durch den kreistérmigen Ausschnitt der unte- | Aussenden cines im Sichtbaren livgenden

15 ren Kugelkaloite in den freien Raum ausstralh- Wellenbercichs zur Folge haben.
len. Man crhiilt dadurch entsprechend den | 2. Anordnung nach Anspruch i, da-
oben gemachten Darlegungen eine wirtschafi- durch gekennzeichnet, dab die verwendete 4o
lichere Lichterzeugung. Ls ist aber auch dar- Gasfiiliung aus Wasserstoll oder Helium
aus ersichtlich, daf} jede andere vorbestimmre l oder aus Gemischen beider Gase mit

20 Strahlenart auf diese Weise durch geeignete | ader ohne LEdelgasc besteht.

Wahl von erregender Hochfrequenzspannung, 3. Anordnung nach Anspruch 1, da-
Iohlraumresonatordimensionen,  Gasart und | durch gekennzeichnet, dafy der Hohlraum- 45
1)
'

Gasdruck crzeugt werden kann.

resonator kugelférmig ansgebildet ist.

Hierzu 1 B!-.:tt imchnungcn

BRERLIN CRT IN DER PE CEERR]

Figure C.81: In 1940, Franz Focke filed a patent application on using resonant excitation to create
a population inversion of electron energy levels in a gas, in order to create a light beam with a
particular wavelength.
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Zu der Patentschrift 735 435
Kl.21f Gr.82m

Fig 1

Figure C.82: In 1940, Franz Focke filed a patent application on using resonant excitation to create
a population inversion of electron energy levels in a gas, in order to create a light beam with a
particular wavelength.
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Wilhelm von Meyeren. 20 February 1945 report on the development of a novel monochro-
matic light source. NARA RG 319, Entry NM3-82A, Box 6, Folder G3]|

Forschungsstelle fiir Experimentalphysik
Dr. W. von Meyeren
an der Deutschen Karls-Universitat

Prag II,
Am Karlshof 3
den 20. Februar 1945

An den

Reichsforschungsrat,

z. Hd. Herrn Professor Dr. W. Gerlach
als Leiter der Fachsparte “Physik”
Miinchen 22

Ludwigstrasse 17.—

Betr.: Forschungsauftrag S 4891-5460/1715/3/
Bezug: RFR Brb.-Nr. 2822/45-Ge/Neu.

Angeschlossen fiige ich einen Bericht iiber
die bisherigen Ergebnisse meiner Untersuchun-
gen im Rahmen des o.a. Forschungsauftrages
bei.

Infolge  volliger  Inanspruchnahme  durch
zwel weitere SS-Auftriage seitens des OKH und
des OKM bin ich erst jetzt in der Lage gewesen,
den Bericht fertigzustellen. Ich bitte deshalb
die Verzogerung entschuldigen zu wollen. [...]

Problemstellung.

Es sollen die Atome eines Gases oder Dampfes
vom Grundzustand aus in den ersten an-
geregten /nicht metastabilen/ Zustand gehoben
werden, derart, dass dabei hoher angeregte
Zustande moglischst nicht oder doch nur in
verschwindend geringer Zahl vorkommen. Das
Gas bezw. der Dampf kann dann lediglich die
Resonanzlinie des betr. Atoms emittieren, stellt
dann also eine praktisch monochromatische
Lichtquelle dar.

Research Center for Experimental Physics
Dr. W. von Meyeren
at the German Charles University

Prague 11,
At Karlshof 3
20 February 1945

To the

Reich Research Council,

Attn. Professor Dr. W. Gerlach

as head of the “Physics” division
Munich 22

Ludwigstrasse 17.—

Regarding: Research assignment S 4891-
5460/1715/3/

Reference: RFR Brb.-Nr. 2822/45-Ge/New.

Attached I include a report on the results
of my investigations to date within the
framework of the above-mentioned research
assignment.

Due to being fully occupied with two other
SS projects for the Army and Navy, I have
only now been able to complete the report. I
therefore apologize for the delay. |...]

Problem statement.

The atoms of a gas or vapor shall be lifted from
the ground state into the first excited (not
metastable) state, in such a way that higher
excited states do not occur at all or only in a
negligibly small number. The gas or vapor can
then only emit the resonance line of the atom
in question, thus representing a practically
monochromatic light source.
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Bei der Verwendung von Rubidium- oder
Casiumdampf wére dann lediglich Strahlung
der Wellenlédngen 7984 und 7800 A.E. /Rb/
bezw. 8944 und 8521 A.E. /Cs/ zu erwarten,
also je zwei diskrete im nahen ultraroten
Spektralgebiet gelegene Strahlungsfrequenzen.
Dass fiir jedes Atom zwei Frequenzen auftreten
miissen, rithrt von der Dublettaufspaltung der
P-Terme her.

Um eine solche Lichtquelle von hinreichend
grosser Strahlungsintensitéit zu erhalten, muss
die Zahl der im ersten angeregten Zustand
befindlichen Atome mdglichst gross gemacht
werden. Es kommt deshalb nur Anregung durch
Elektronenstoss in Frage unter Verwendung
einer ergiebigen Glithkathode als Elektronen-
quelle.

Ferner liegt es nahe, ein Gas bezw. einen
Dampf von hoher Dichte zu benutzen, um eine
grosse Zahl angeregter Zustande zu erhalten.
Die Verwendung eines hohen Gas- bezw.
Dampfdruckes erweist sich aber aus folgenden
Griinden als ungeeignet. Durch unvermeidliche
Mehrfachstosse werden auch stets hohere
Terme der Atome angeregt, und zwar umso
mehr, je hoher Gasdruck und Stromdichte
sind. Ferner steigt mit zunehmender Gasdichte
die Wahrscheinlichkeit fiir das Eintreten von
Stossen 2. Art. Diese verursachen wiederum
grosse  Geschwindigkeiten der stossenden
Elektronen und damit eine Vergrosserung
der Anregungswahrscheinlichkeit fiir hohere
Atomzusténde.—

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

If rubidium or cesium vapor were used, only
radiation of the wavelengths 7984 and 7800
Angstroms (Rb) or 8944 and 8521 Angstroms
(Cs) would be expected, i.e. two discrete radi-
ation frequencies in the near infrared spectral
region. The fact that two frequencies must
occur for each atom is due to the doublet
splitting of the P terms.

In order to obtain such a light source of
sufficiently high radiation intensity, the number
of atoms in the first excited state must be made
as large as possible. Therefore, only excitation
by electron impact using a high-intensity
cathode as electron source is possible.

It also makes sense to use a high density
gas or vapor to obtain a large number of
excited states.

However, the use of a high gas density or
vapor pressure is unsuitable for the following
reasons. Due to unavoidable multiple excita-
tions, the higher the gas pressure and current
density, the higher the levels of the atoms
are excited. Furthermore, with increasing gas
density, the probability of the occurrence
of collisions increases as the square [of the
density]. These in turn cause high velocities of
the impinging electrons and thus an increase
of the excitation probability for higher atomic
states.
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In fritheren Untersuchungen hat Verf. gezeigt,
dass auch in Gasen von sehr kleiner Dichte
durch Elektronen kleiner Stromdichte eine
sehr starke Anregung moglich ist. Die mittlere
freie Weglange der Elektronen nimmt zwar
bei abnehmendem Gasdruck zu und erreicht
bereits bei Drucken von der Grdssenordnung
0,01 Torr die
gebrauchlichen Entladungsgefdsse, also einige
Zentimeter. Zwingt man aber durch Anlegen
eines ausseren Magnetfeldes die Elektro-
nen auf krummlinige Bahnen /Cykloiden,
Kegelschraubenbahnen, u. dgl./, so lésst
sich selbst bei sehr niederen Gasdrucken in
normalen Entladungsgefiassen die Zahl der an-
regenden Zusammenstosse zwischen Elektronen
und Atomen ungeheuer steigern und ein inten-
sives Gasleuchten erreichen. Gleichzeitig ist bei
einer solchen Anordnung der weitere Vorteil
verbunden, dass bei dem niederen Druck eine
strahlungslose Riickkehr der angeregten Atome
durch Zusammenstosse mit nichtangeregten
Atomen nur selten vorkommt. Untersuchungen
dieser Art sind frither mit Stosselektronen
grosser Geschwindigkeit /etwa 2.10% e-Volt/
durchgefiihrt worden. Bei diesen Versuchs-
bedingungen werden auch hochangeregte
Atomzustdnde und auch angeregte Zustidnde
des Atomions in grosser Zahl geschaffen.

linearen Dimensionen der

Zur moglichst alleinigen  Anregung der
Resonanzlinie des Atoms muss daher ver-
sucht werden, bei niederem Gasdruck mit
langsamen Elektronen anzuregen. Fiir die Falle
der Rubidium- und Céasiumatoms diirfen die
Elektronengeschwindigkeiten dabei nur etwa 2
e-Volt betragen. Dann befindet man sich einmal
etwa im Maximum der Anregungsfunktion fiir
den ersten angeregten Zustand, erreicht also
die bestmogliche Stossausbeute, zum anderen
ist die Wahrscheinlichkeit fiir die Anregung
hoherer Atomzustéande noch gering.
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In earlier investigations the author has shown
that even in gases of very low density, a very
strong excitation is possible by electrons of
low current density. The mean free path length
of the electrons increases with decreasing gas
pressure and reaches the linear dimensions of
the common discharge vessels at pressures of
0.01 Torr, i.e. a few centimeters. If, however,
the electrons are forced onto curvilinear orbits
(cycloids, conical screw orbits, etc.) by the
application of an external magnetic field, the
number of stimulating collisions between elec-
trons and atoms can be enormously increased
even at very low gas pressures in normal
discharge vessels and an intensive gas glow
can be achieved. At the same time such an
arrangement has the further advantage that at
low pressure a return without radiation of the
excited atoms due to collisions with non-excited
atoms occurs only rarely. Investigations of this
kind used to be carried out with high velocity
impact electrons (about 2x10? electron-Volts).
At these experimental conditions both highly
excited atomic states and also excited atomic
states are created in large numbers.

In order to excite solely the resonance line of
the atom as much as possible, an attempt must
therefore be made to excite with slow electrons
at low gas pressure. For the cases of rubidium
and cesium atoms, the electron velocities may
only be about 2 electron-Volts. Then one is at
the maximum of the excitation function for
the first excited state, thus achieving the best
possible shock yield, on the other hand the
probability for the excitation of higher atomic
states is still low.
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Als geeignete Entladungsform mit derartig
geringen Elektronengeschwindigkeiten kommt
allein der Niedervoltbogen in Frage, und zwar
die abnormale Bogenform. Es ist daher das
erste Ziel der geplanten Untersuchung, einen
Niedervoltbogen bei moglichst niederem Gas-
druck aufrecht zu erhalten. Ferner ist dann
zu untersuchen, ob ein solcher Bogen auch
bei Anlegung eines &usseren Magnetfeldes
weiterbestehen kann.—

Der Niedervoltbogen ist eine halbselbstandige
Gasentladung und benutzt als Quelle fiir die
primédren Ladungstriger eine Glihkathode.
Der Gas- bezw. Dampfdruck betragt zwischen
5 und 50 Torr.

Beim abnormalen Bogen betrigt die Spannung
zwischen Kathode und Anode /Brennspan-
nung/ unter Beriicksichtigung der Kontak-
tpotentiale und der thermischen Anfangs-
geschwindigkeit der Gliihelektronen nur einen
Bruchteil der ersten Anregungsspannung des
betr. Atoms. Zunachst erscheint es unmoglich,
bei so niederen Brennspannungen iiberhaupt
eine Gasentladung aufrecht erhalten zu konnen.
Genaue Untersuchungen haben jedoch ergeben,
dass im Raum zwischen Kathode und Anode,
und zwar in Kathodennédhe, eine positive
Raumladung zustande kommt. Diese bewirkt,
dass das Raumpotential zwischen den Elektro-
den hoher liegt als das Anodenpotential und
im Maximum einen Wert erreicht, der gleich
dem ersten Anregungspotential der betr. Gases
oder Dampfes ist. Da nun zur Aufrechterhal-
tung der Entladung eine stiandige Neubildung
von positiven Ladungstrdgern /Atomionen/
notwendig ist, das Raumpotential jedoch
das Ionisierungspotential bei weitem nicht
erreicht, so muss eine Tragerneubildung durch
stufenweise Ionisierung erfolgen.

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

Only the low-voltage arc, the unusual arc
shape, can be considered as a suitable form
of discharge with such low electron speeds. It
is therefore the first objective of the planned
investigation to maintain a low-voltage arc at
the lowest possible gas pressure. Furthermore,
it has to be investigated whether such an
arc can continue to exist even if an external
magnetic field is applied.—

The low-voltage arc is a semi-autonomous
gas discharge and uses a hot cathode as the
source for the primary charge carriers. The gas
or vapor pressure is between 5 and 50 Torr.

With an unusual arc, the voltage between
cathode and anode (heating voltage) is only a
fraction of the first excitation voltage of the
respective atom, taking into account the con-
tact potentials and the initial thermal velocity
of the annealing electrons. At first it seems
impossible to maintain a gas discharge at such
low voltages. However, precise investigations
have shown that a positive space charge is gen-
erated in the space between cathode and anode,
close to the cathode. This causes the space
charge potential between the electrodes to be
higher than the anode potential and to reach
a maximum value equal to the first excitation
potential of the gas or vapor concerned. Since
a constant new formation of positive charge
carriers (atomic ions) is necessary to maintain
the discharge, but the space charge potential
does not reach the ionization potential by far,
a new carrier formation must take place by
stepwise ionization.
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Im Spektrum des abnormalen Niedervoltbo-
gens treten deshalb ausser den Atomlinien auch
stets die Funkenlinien auf. Es ist zunéchst die
glinstigste Versuchsbedingung zu ermitteln,
unter welcher die Resonanzlinie des Atoms mit
iiberwiegender Intensitdt emittiert wird, um
dem Ideal einer monochromatischen Lichtquelle
moglichst nahe zu kommen.—

Untersuchung des abnormalen
Niedervoltbogens bei niederen Drucken.

Als erste Aufgabe wurde die Untersuchung in
Angriff genommen mit dem Ziel, bis zu welchen
Drucken ein abnormaler Niedervoltbogen
iiberhaupt noch méglich ist. Da alle fritheren
Untersuchungen am Niedervoltbogen im Druck-
bereich zwischen 50 und 5 Torr durchgefiihrt
worden sind, ist jetzt bei Drucken unterhalb von
5 Torr gearbeitet worden. Ferner sind zunachst
die Untersuchungen nicht an Alkaliddmpfen,
also z.B. Rubidium oder Céasium, vorgenommen
worden, sondern zunéchst einmal an Argon.
Dies ist aus folgenden Griinden geschehen. Um
die geeignete Form und die beste geometrische
Anordnung der Elektroden zu finden, muss das
Innere des Entladungsrohres leicht zuginglich
sein. Die Elektroden miissen also mit Hilfe
von Schliffen ausgewechselt werden konnen.
Bei der Verwendung von Alkaliddmpfen ist
wegen deren chemischer Aktivitdt ein solches
Entladungsrohr nicht zu benutzen.
muss bei Alkaliddmpfen das Entladungsrohr
aus alkalifestem Glas hergestellt werden. Dies
ist wegen der schwierigen Beschaffung dieser
Glassorte zurzeit nicht moglich gewesen. Wenn
auch die am Edelgas erhaltenen Ergebnisse
nicht in allen Einzelheiten auf Alkaliddmpfe
iibertragen werden kénnen, so werden trotzdem
die mit der Edelgas erhaltenen Befunde doch
im grossen und ganzen den Weg zeigen, auf
welchem die Entwicklung des gewiinschten
Entladung zu erfolgen hat.

Ferner

In der abnormalen Entladungsform bei
verschiedenen Drucken unterhalb 5 Torr ist
zunachst das Raumpotential zwischen Kathode
und Anode durch Sondermessungen festgestellt

worden.
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In the spectrum of the unusually low-voltage
arc, therefore, emission lines always occur in
addition to atomic lines. The first step is to
determine the most favorable experimental
condition under which the resonance line of the
atom is emitted with predominant intensity in
order to come as close as possible to the ideal
of a monochromatic light source.—

Investigation of the unusually
low voltage arc at low pressure.

The first task was to investigate up to
which pressures an unusually low-voltage shock
is still possible. Since all previous investigations
on the low-voltage arc were carried out in the
pressure range between 50 and 5 Torr, work
has now been carried out on pressures below
5 Torr. Furthermore, the investigations were
not initially carried out on alkali vapours, e.g.
rubidium or cesium, but on argon. This was
done for the following reasons. In order to find
the suitable shape and the best geometrical
arrangement of the electrodes, the inside of
the discharge tube must be easily accessible.
It must therefore be possible to replace the
electrodes with the aid of ground joints. When
alkali fumes are used, such a discharge tube
cannot be used because of their chemical activ-
ity. In the case of alkali fumes, the discharge
tube must also be made of alkali-resistant glass.
This has not been possible at present due to
the difficult procurement of this type of glass.
Even if the results obtained on the inert gas
cannot be transferred in all details to alkali
vapours, the findings obtained with the inert
gas will nevertheless largely show the way in
which the development of the desired discharge
must take place.

In the unusual discharge form at various
pressures below 5 Torr, the space charge
potential between cathode and anode was first
determined by special measurements.
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Fig. 1 zeigt das benutzte Entladungsgefass. Als
Anode ist ein Nickelblech, als Kathode teils
eine Oxydkathode teils eine Wolframwendel
benutzt worden.

Die Sonde ist im Raum zwischen Anode
und Kathode messbar beweglich angeordnet.
Teils ist eine ebene, teils eine Zylindersonde
benutzt worden.

Die Figuren 2-5 zeigen die Ergebnisse einigen
Sondenmessungen.

Es folgt daraus, dass auch bei Gasdrucken
zwischen 6 und 1,5 Torr die Form des ab-
normalen Niedervoltbogens existiert und dass
das Raumpotential iiber dem Anodenpotential
liegt. Das Maximum des Raumpotentials
erreicht bei einem Druck von 5,6 Torr gerade
das erste Anregungspotential des Argons /11,5
Volt/. Bei abnehmenden Drucken nimmt der
Maximalwert des Raumpotentials zu. Die
Brennspannung liegt dabei stets unterhalb der
ersten Anregungsspannung. Bei Gasdrucken
unter 1,5 Torr erreicht die Brennspannung die
erste Anregungsspannung, das Potentialmax-
imum im Entladungsraum erreicht dann die
Ionisierungsspannung des Gases /fiir Argon
15,68 Volt/. Das bedeutet, dass bei diesen
Drucken der abnormale Bogen nicht mehr ex-
istenzféhig ist. Er ist vielmehr in die Form des
normalen Bogens libergegangen. Dies zeigt die
Figur 6. Hier—bei einem Druck von 0,5 Torr
liegt die Brennspannung zwischen der ersten
Anregungs- und der Ionisierungsspannung.
Bemerkenswert und bei hoéheren Gasdrucken
noch nicht beobachtet ist weiter die Tatsache,
dass trotzdem das Raumpotential hoher ist als
das Anodenpotential und im Maximum das
Tonisierungspotential erreicht oder sogar etwas
iiberschreitet. Die Tragerneubildung erfolgt
hier zweifellos in einem Elementarakt durch
direkten Stoss und nicht, wie beim abnormalen
Bogen, durch stufenweise Ionisierung!

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

Fig. 1 shows the discharge vessel used. A
nickel plate has been used as an anode, and
sometimes an oxide cathode and sometimes a
tungsten filament as a cathode.

The probe is arranged in the space between
anode and cathode so that it is measurably
movable. Sometimes a flat probe and sometimes
a cylindrical probe has been used.

Figures 2-5 show the results of some probe
measurements.

It follows from this that even at gas pres-
sures between 6 and 1.5 Torr the shape of
the unusually low-voltage arc exists and that
the space charge potential is above the an-
ode potential. The maximum of the space
charge potential at a pressure of 5.6 Torr just
reaches the first excitation potential of argon
(11.5 Volts). With decreasing pressures the
maximum value of the space charge potential
increases. The heating voltage is always below
the first excitation voltage. At gas pressures
below 1.5 Torr the heating voltage reaches the
first excitation voltage, the potential maximum
in the discharge chamber then reaches the
ionization voltage of the gas (for argon 15.68
Volts). This means that at these pressures
the unusual arc is no longer viable. Rather, it
has changed into the form of the normal arc.
This is shown in Figure 5. Here, at a pressure
of 0.5 Torr, the heating voltage lies between
the first excitation voltage and the ionization
voltage. Remarkable and not yet observed at
higher gas pressures is the fact that the space
charge potential is still higher than the anode
potential and reaches or even slightly exceeds
the ionization potential at the maximum. The
formation of the new carrier is undoubtedly an
elementary act by direct impact and not, as in
an abnormal arc, by gradual ionization!
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Die Sondenmessungen ergeben gleichzeitig
die Elektronenkonzentration und die Elek-
tronentemperatur an den betr. Orten des
Entlandungsraumes. Diese Werte sind in den
Figuren 2-5 mit eingetragen.—

Bei allen untersuchten Drucken tritt in
der Entlandung des abnormalen Bogens das
Funkenspektrum des Argons /das blaue Spek-
trum/ mit merklicher Intensitdt neben dem
Atomspektrum /rotes Spektrum/ auf. Die Zahl
der durch Mehrfachstosse gebildeten Ionen ist
also erheblich.—

Bei Anlegung eines &usseren Magnetfeldes
in der Weise, dass die Feldlinien denen des elek-
trischen Feldes zwischen Kathode und Anode
parallel verlaufen, miissen die Ladungstrager,
besonders die Elektronen, lings ihrer freien
Wegstrecken Schraubenbahnen beschreiben.
Bei magnetischen Feldstarken zwischen 0 und
150 Oe ist nun ein Instabilwerden der Ent-
ladung beobachtet worden, die bisher nur durch
Erhohung der Brennspannung bis mindestens
zur Jonisierungsspannung behoben werden
kann. Damit ist die Entladung aber in die Form
des normalen Niedervoltbogens iibergegangen.
Ebenso tritt das Funkenspektrum sehr intensiv
hervor.—

Zurziet sind daher Versuche im Gang die
Brennspannung bei Anlegung eines &usseren
Magnetfeldes durch andere Hilfsmittel wieder
zu senken. U.a. wird eine gitterformige
Hilfselektrode dicht vor die Glithkathode
gesetzt, &dhnlich dem Raumladungsgitter
der Doppelgitter-Elektronenrohren. Es wird
versucht, durch geeignete Aufladung dieser
Hilfselektrode die Magnetfeldentladung auch
bei sehr niederen Brennspannungen zu stabil-
isieren. Ergebnisse dieser Versuche stehen noch
aus.

3143

The probe measurements give simultaneously
the electron concentration and the electron
temperature at the respective locations of the
mixing area. These values are shown in Figures
2-5.—

At all investigated pressures, in the mix-
ing of the unusual arc, the emission spectrum
of the argon (the blue spectrum)
with noticeable intensity next to the atomic
spectrum (the red spectrum). The number of
ions formed by multiple bursts is therefore
considerable.—

occurs

When an external magnetic field is applied
in such a way that the field lines run parallel
to those of the electric field between cathode
and anode, the charge carriers, especially the
electrons, must describe helical paths along
their free paths. At magnetic field strengths
between 0 and 150 Oersted, an instability of
the discharge has now been observed, which
so far can only be remedied by increasing
the heating voltage to at least the ionization
voltage. However, the discharge is now in the
form of a normal low-voltage arc. The emission
spectrum also emerges very intensely.—

Therefore, attempts are made to reduce
the heating voltage by applying an external
magnetic field with other aids. Among other
things, a grid-shaped auxiliary electrode is
placed close to the hot cathode, similar to the
space charge grid of the double grid electron
tubes. An attempt is made to stabilize the
magnetic field discharge even at very low heat-
ing voltages by charging this auxiliary electrode
appropriately. Results of these experiments are
still pending.
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Erlauterung zu den Figg. 2-5: Explanation of Figs. 2-5:

Up: gemessene Brennspannung Up: measured heating voltage
's: korrigierte Brennspannung ‘5t corrected heating voltage

Upg: gemessenes Raumpotential Upg: measured space charge potential
'n: korrigiertes Raumpotential 'a: corrected space charge potential

Up: Kontaktpotential Up: contact potential

T_: Elektronentemperatur T_: electron temperature

N_: Elektronenkonzentration. N_: electron concentration.

Als Abszisse ist stets der Abstand zwischen  The abscissa is always the distance in mm
Kathode u. Anode in mm aufgetragen. between cathode and anode.

[This one paper rather miraculously survived. How many other laser-like experiments were there
in this group, and in other groups?

Wilhelm von Meyeren’s research was in Prague, and funded by and closely tied to the SS, directed
energy beam weapons development, and nuclear programs (via Walther Gerlach). Was it the same
as, or at least somehow related to, the SS-funded laser work that Wilhelm Voss said was being
conducted by Skoda Pilsen (see p. 3157)7

While it is not stated in this one surviving document, it seems quite plausible that von Meyeren
might have been planning a photon chain reaction with reflectors once he managed to create a
population inversion in the gas atoms, especially since he was reporting to Walther Gerlach, who
was also in charge of neutron chain reactions with reflectors, as well as a variety of projects to
develop directed energy beam weapons (e.g., pp. 3074-3078). Perhaps other documents can be
discovered in order to shed more light on how large this laser-like research program was, how far it
progressed, and how much it influenced postwar work in other countries.|
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DECLASSIFIED NARA RG 319, Entry NM3-82A,
Box 6, Folder G3
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Figure C.83: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,
or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.84: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,
or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.85: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,
or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.86: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,
or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.87: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,

or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.88: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,
or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.89: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,

or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.90: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,

or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.91: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,
or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Figure C.92: Wilhelm von Meyeren’s 20 February 1945 report on experiments with laser-like
monochromatic stimulated light emission from electron population inversions in argon, cesium,

or rubidium gases [NARA RG 319, Entry NM3-82A, Box 6, Folder G3|.
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Military Intelligence Division W.D.G.S., Military Attaché Report Czechoslovakia.
Subject: Scientists Experimenting on Secret Weapons. I.G. No. 0403.0700. Prague.
Report No. R-42. 2 October 1945. [NARA RG 319, Entry NM3-85M, Box 19, Folder

925256]

Source and degree of reliability: Czechoslovak Counter Intelligence Officer — A-3

1. In accordance with directions contained in War Department Cable No. 68418, of 24 September
1945, the following list of scientists, Czech and German, with their specialties and present status,

is submitted. [...]

Professor Dr. v. MEYEREN, specialist on Measuring Devices, German, in protective custody.

A. Hinzpeter. 1983. Physikalische Bldatter 39:5:130.
[https://onlinelibrary.wiley.com/doi/pdf/10.1002/phbl.19830390508|

Zum Tode von Wilhelm von Meyeren

Am 4. Februar 1983 verstarb in Hannover
der emeritierte Professor Dr. phil. Wilhelm von
Meyeren, ehemals Direktor des Instituts fur
Festkorperphysik der Universitat Hannover.
W. von Meyeren wurde am 26. April 1905
in Berlin geboren, promovierte 1929 bei R.
W. Pohl in Gottingen mit einer Arbeit iiber
Alkalihalogenidphosphore und war bis 1935 As-
sistent am Physikalischen Institut in Karlsruhe
bei dem Altmeister der Hochvakuumtechnik
Wolfgang Gaede, danach Oberingenieur am
Physikalischen Institut der damaligen Technis-
chen Hochschule Hannover. Dort habilitierte er
sich 1937 und wurde 1941 auf den Lehrstuhl fir
Experimentalphysik der damaligen Deutschen
Karls-Universitat in Prag berufen. 1945 unter
unmenschlichen Umstéinden mit seiner Ehefrau
Hedi von Meyeren vertrieben, gelangte er nach
schweren Jahren als Professor wieder nach
Hannover auf einen Lehrstuhl fiir Atomphysik
und baute dort das 1962 neugegriindete Institut
flir Experimentalphysik B, das jetzige Institut
flir Festkorperphysik, auf.

On the death of Wilhelm von Meyeren

On 4 February 1983 in Hanover, the emeritus
professor Dr. phil. Wilhelm von Meyeren,
former director of the Institute of Solid State
Physics at the University of Hanover, died. W.
von Meyeren was born on 26 April 1905 in
Berlin, received his doctorate in 1929 from R.
W. Pohl in Gottingen with a thesis on alkali
halide phosphors and was assistant at the
Physikalisches Institut in Karlsruhe until 1935
to the old master of high vacuum technology
Wolfgang Gaede, then chief engineer at the
Physikalisches Institut of the then Technische
Hochschule Hannover. There he habilitated in
1937 and in 1941 was appointed to the Chair
of Experimental Physics at the then German
Charles University in Prague. In 1945 he was
expelled under terrible circumstances with his
wife Hedi von Meyeren. After many difficult
years as a professor, he returned to Hanover
to take up a chair in atomic physics, where he
built up the Institute for Experimental Physics
B, newly founded in 1962, now the Institute of
Solid State Physics.
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Seine wissenschaftlichen Arbeiten
behinhalten—ausgehend von den Anfingen
der Festkorperphysik der Pohlschen Schule

die Hochvakuumphysik (Gasaufzehrung), die
Spektroskopie verdiinnter Gase und miindeten
schliellich in der modernen Halbleiterphysik.
In der Zeit zwischen seiner Lehrtétigkeit
in Prag und in Hannover erscheint W. von
Meyeren als Mitautor mehrerer Sammelwerke
wie Fiat-Review, Angerer-Ebert, Technische
Kunstgriffe, des Gmelin-Handbuchs, sowie des
Physikalischen Worterbuches von Westphal.

W. von Meyeren war mit Stolz ein
Physiker alter Schule und dariiber hinaus
ein guter Pidagoge, der seine Pflichten als
Hochschullehrer sehr ernst nahm. Lange Jahre

galt seine Aufmerksamkeit der Allround-
Ausbildung der Physiker in einer Art
hoherer  Experimentalphysik  ebenso  wie

einem Einfiihrungsseminar fiir Studienanfanger
mit ihrer so erschreckend differierenden Schul-
vorbildung. Ein besonderes Anliegen war ihm
auch die Einfiihrung der Ingenieur-Studenten in
die sich rasant entwickelnde Festkorperphysik,
insbesondere die Metallphysik.

Kollegen und auch seine Schiiler, denen er
ein vaterlicher Freund war, wissen von seiner
steten Hilfsbereitschaft zu berichten. Manche
seiner zahlreichen Freunde und Bekannten
erinnern sich gern an sein gastfreundliches
Haus.

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

His scientific work includes—originating from
the beginnings of solid-state physics of the
Pohl school
sumption), the spectroscopy of diluted gases,
and finally modern semiconductor physics.
In the period between his teaching activities
in Prague and Hanover, W. von Meyeren
co-authored several anthologies such as FIAT
Review, Angerer-Ebert, Technical Methods, the
Gmelin Handbook, and the Physics Dictionary
of Westphal.

high vacuum physics (gas con-

W. von Meyeren was proud to be an old
school physicist and a good teacher who took
his duties as a university teacher very seriously.
For many years his attention was focused on
the all-round training of physicists in a kind
of higher experimental physics as well as on
an introductory seminar for first-year students
with their so frighteningly different prior school
education. He was also particularly interested
in the introduction of engineering students
to the rapidly developing field of solid state
physics, especially metal physics.

Colleagues and also his students, to whom
he was a fatherly friend, know about and
describe his constant helpfulness. Some of his
numerous friends and acquaintances fondly
remember his hospitable house.
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Tom Agoston. 1985. Blunder! How the U.S. Gave Away Nazi Supersecrets to Russia.
New York: Dodd, Mead. pp. 12-13.

By quirk of fate, the careers of Kammler and Voss overlapped at Skoda, where they jointly set up
and operated what was generally regarded by insiders as the Reich’s most advanced high-technology
military research center. Working as a totally independent undercover operation for the SS, the
center was under the special auspices of Hitler and Himmler. [...] In so doing the SS group was to
go beyond the first generation of secret weapons.

Its purpose was to pave the way for building nuclear-powered aircraft, working on the applica-
tion of nuclear energy for propelling missiles and aircraft; laser beams, then still referred to as
“death rays”; a variety of homing rockets, and to seek other potential areas for high-technology
breakthrough. In modern high-tech jargon, the operation would probably be referred to as an “SS
research think tank.” Some work on second-generation secret weapons, including the application of
nuclear propulsion for aircraft and missiles, was already well advanced.

It was far from a mad Nazi scientist’s dream of getting to the end of the nuclear rainbow. The field
had been pioneered by Dr. Wernher von Braun, designer of the V-2, in the early 1930s. In addition,
it was recently disclosed that one of the first top German engineers cleared for urgent work for the
U.S. Air Force in 1945 was Dr. Franz Josef Neugebauer, a specialist in thermal systems for aircraft
nuclear propulsion. In 1958 the United States launched Project Orion to probe the applicability of
nuclear propulsion for aircraft, employing some Czech scientists. The project was continued until
1965 and then was turned over to the U.S. Air Force, plans for its application for the civilian space
programs having been dropped.

The SS research operation at Skoda had been set up without the knowledge of Goering, Speer, or
the German research centers. The builders of the V-1 and V-2 were likewise kept out of the picture.
The undercover SS research operation fitted in with Himmler’s dream that, as the Rheingold of the
Nibelung’s, if shaped into a ring, would give its possessor mastery of the world, so would the SS
team give the Greater Reich mastery of much of the world.

A study of intelligence reports shows that blueprints, drawings, calculations, and other relevant
documentation or materials were protected by a triple ring of SS counter-intelligence specialists
Himmler had assigned to Pilsen to prevent security leaks and sabotage in the research divisions
and the plant in general. The SS team was internally referred to as the Kammler Group. Taking a
leaf from the armament ministry name for the special section Kammler headed there to iron out
aircraft production bottlenecks, they were called the Kammler stab or Kammler “staff.”
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Heinz Schaeffer. 1952. U-Boat 977. p. 187—188.

It took twenty-four hours to reach Berlin—we had air-raid warnings at regular intervals and took
cover underneath the train till it could go on again. Next to me sat an S.S. officer who, in spite
of my flatly contradicting him, simply would not stop talking about decisive new secret weapons.
I was fed up with secret weapons by now for I knew perfectly well from my own experience that
if all the blueprints were there so were the air-raids on our factories. “Well, of course, you aren’t
really in a position to judge,” he said, but he was, naturally, because he was working at some S.S.
H.Q. or other and was out watching the tests every day. If I would only come and look him up I
would see something that would make me sit up.

When I got to Berlin I really did look him up, and after I had waited at the H.Q. entrance for some
time my new acquaintance appeared and started showing me round. Everybody there was certain
we were going to win, with a conviction I'd never seen the like of even after the fall of France.
Among the fantastic contrivances of which I was shown photographs was one called a death ray
which my friend wanted me to come back and see in action next day.

But I wasn’t wasting any more time. I wanted to see my mother, for it was obvious the Russians
were advancing on Berlin and that the last battle was going to be fought there. The city was
being transformed into a fortress, with tram-cars overturned and barricades going up everywhere.
I wanted to get my mother away, but she said she meant to stay in Berlin at all costs; she would
manage the Russians all right, she said. And so she did.

Herbert A. Werner. 1969. Iron Coffins: A Personal Account of the German U-Boat
Battles of World War II. p. 228.

I was thinking about our much-discussed new weapons, including death rays and atom bombs,
which were now in the development stage...
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United States Air Force Oral History Program: Interview #K239.0512-724 of Lt Gen-
eral Donald L. Putt by Dr. James C. Hasdorff. 1-3 April 1974. [AFHRA 43826 elec-
tronic version pp. 1009-1010]

Hlasdorff]: Why was there such a slow application of laser technology in the US? I understand we
were dabbling with it during World War II.

Plutt]: Well, I'm not an expert on lasers, but it’s my understanding that the phenomenon was
discovered which gave one the capability of having coherent beams. But for a long time nobody
could figure out what it was good for. It was one of these scientific curiosities, and it just took a
long time to find the application. Now whether we proceeded as fast as could have been done if
there were no budgetary restraints or anything like that, I guess I'm not familiar enough with the
field to know that. But in the early days I know that was one of the problems; we said, “Here’s
something that’s very interesting, but what can we use it for?” And now we’re finding all kinds of
uses for it, of course, in civil work, et cetera.

[In the United States, theoretical design work on lasers did not begin until the mid-late 1950s, and
the first working laser was not built until 1960, at least according to official histories.

In the above question and answer, were Hasdorff and Putt simply confused, or were they referring
to actual earlier work on lasers?

If they were referring to earlier work that indeed occurred, was it wartime work in the United
States, perhaps by or based on the earlier research of German-speaking immigrant scientists such
as Rudolf Ladenburg or James Franck?

Alternatively, since Putt was deeply involved in rounding up German-speaking scientists and infor-
mation from Europe at the end of the war and putting them to use in the postwar United States,
were Hasdorff and/or Putt referring to wartime German work on lasers (perhaps such as that of
Wilhelm von Meyeren) that was brought to the United States after the war?]

Michel Bar-Zohar. 1967. The Hunt for the German Scientists. pp. 140, 207.

There was also a vague report on the mysterious Zimmermann—the man believed to have invented
the ‘death ray’ and even to have used it effectively against the Russians in the Carpathians on 30
August 1944. The report said that he had been captured and taken to Russia just before the end
of the war. [...]

Dr. Hans Ehrhardt, who was expelled from Switzerland for having experimented with a mysterious
green death ray...

[Can any information be found regarding Zimmermann and his alleged directed energy weapon?

Hans Ehrhardt’s laser-like work is discussed on the following pages. If Bar-Zohar’s information is
accurate, Ehrhardt’s beam was green. That suggests that it may have been an argon gas laser or
something similar. Could Erhardt’s work have been directly related to von Meyeren’s wartime work
on laser-like light emission from electrically excited argon gas?]
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Schweiz/Todesstrahlen: Schnee geschmolzen. Der Spiegel. 24 July 1963 p. 58.
[https://www.spiegel.de/spiegel /print /d-46171297.html|

24.07.1963
SCHWEIZ / TODESSTRAHLEN
Schnee geschmolzen

Ungewohnliche Order lief Anfang vergangener
Woche bei eidgensssischen Polizeidienststellen
ein:

Die Gesetzeshiiter wurden angehalten, nach
einem Mann zu fahnden—freilich nicht, um ihn
zu verhaften. Vielmehr sollte sichergestellt wer-
den, dafl der Gesuchte wirklich verschwunden
ist und damit die eidgendssische Biirokratie
von einer Blamage befreit hat.

Der Gesuchte nennt sich Dr. Hans Ehrhardt
und hiefl frither Hans Engelke. Als Amateur-
Physiker war er—mnach eigenen Angaben
zusammen mit Wernher von
der Riistungsindustrie des Dritten Reiches
beschéaftigt gewesen.

Braun—in

Dabei erfand er eine Wunderwaffe: Engelke
wollte in den von feindlichen Bomberstaffeln
durchflogenen Luftschichten dichte Wolken
feinster Kohlenstoffpartikel verteilen. Mittels
einer Ziindrakete sollte beim Herannahen
von Feindflugzeugen ein Schlagwetter in der
Atmosphére erzeugt werden. Beim ersten und
einzigen Versuch mit seiner Wunderwaffe, so
fabulierte Engelke-Ehrhardt, seien im April
1945 gleich 36 Bomber auf einen Schlag vom
Himmel geholt worden.

Nach Krieg und alliierter Internierung wandte
sich Autodidakt Ehrhardt einem anderen
physikalischen Phanomen zu: Er begann Ver-
suche mit Strahlen, die laut eigener Aussage
“im Frieden Kranke heilen und im Kriege
Feinde toten” sollten.

24 July 1963
SWITZERLAND / DEATH RAYS
Melted snow

An unusual order arrived at the beginning
of last week at the national police station:

The law enforcers were spared from hav-
ing to find and arrest a man. Rather they were
to make sure that the wanted man had really
disappeared and thus the national bureaucracy
had been saved from embarrassment.

The person for whom they searched called
himself Dr. Hans Ehrhardt and earlier Hans
Engelke. As an amateur physicist he had
been—by his own account together with Wern-
her von Braun—employed in the armament
industry of the Third Reich.

Back then he invented a miracle weapon:
Engelke wanted to distribute dense clouds of
fine carbon particles in the air layers through
which enemy bombers flew. By means of an
igniting rocket, an explosion in the atmosphere
should be generated at the approach of enemy
aircraft. The first and only attempt with his
silver bullet, claimed Engelke-Ehrhardt, had
knocked as many as 36 bombers from the sky
with one explosion in April 1945.

After the war and Allied internment, the
autodidact Ehrhardt turned to another phys-
ical phenomenon: he began experiments with
beams that should in his words “heal sick peo-
ple in peacetime and kill enemies in wartime.”
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Aus einer Gasplasma-Quelle gedachte der
Erfinder mit groflen Hohlspiegeln einen gebun-
delten ultravioletten Lichtstrahl herzustellen.
Dieser Todesstrahl sollte einerseits 30 000
Kilometer weit wirken und eine “ungeheure
Zerstorungskraft” (so Ehrhardt) entwickeln,
andererseits aber Krebskranke von ihren Leiden
befreien, “ohne dafi Knoten oder Kapselungen
zuriickbleiben”.

In der Bundesrepublik gelang es dem modernen
Cagliostro nicht, seine Ideen zu verkaufen,
obgleich Deutschland stets ein dankbares
Feld fiir Wunderménner war: Nach dem Er-
sten Weltkrieg gelang es dem geisteskranken
Osterreichischen Landbrieftrager Karl Schap-
peller, Ex-Kaiser Wilhelm II. grofle Summen
fir einen Plan zu entlocken, Deutschland
“durch die Nutzung ungeheurer Energien aus
dem kosmischen Raum zur ersten Weltmacht
zu machen”. Zur selben Zeit begeisterte ein
Betriiger namens Franz Tausend den General
Ludendorff mit seiner angeblichen Fahigkeit,
aus Eisen und Blei Gold zu gewinnen.

Dem Strahlenmagier FEhrhardt gliickte es
hingegen Anfang 1961, die Kriegstechnis-
che Abteilung (KTA) des
Militardepartements in Bern fiir seine phan-
tastischen Projekte zu interessieren.

Eidgenossischen

Die schweizerischen Landesverteidiger lu-
den Ehrhardt am 24. Februar 1961 zu einer
Besprechung ein und forderten ihn auf,
schriftliche Unterlagen beizubringen. Eine
Priifung des Ehrhardt -Exposes durch Ziiricher
TH-Professoren veranlafite freilich die KTA
am 31. Mai 1961 dazu, auf eine weitere
Zusammenarbeit mit Ehrhardt zu verzichten.
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From a gas plasma source, the inventor in-
tended to use large concave mirrors to produce
a narrow ultraviolet light beam. This death
ray should in one case have a range of 30,000
kilometers and (according to Ehrhardt) develop
a “monstrous destructive power,” but in the
other case free cancer patients from their suf-
fering “without a node or capsule remaining.”

In West Germany this modern Cagliostro
was unable to sell his ideas, even though
Germany has always been a grateful field for
miracle workers: After World War I the insane
Austrian postman Karl Schappeller succeeded
in obtaining large sums from ex-Kaiser Wil-
helm IT for a plan to make Germany “the
greatest power in the world through the use of
monstrous energy from cosmic space.” At the
same time an impostor named Franz Tausend
interested General Ludendorff with his alleged
ability to turn iron and lead into gold.

At the beginning of 1961, however, the
ray magician Ehrhardt succeeded in interesting
the War Technical Department (KTA) of the
Federal Military Department in Bern in his
fantastic projects.

The Swiss defense officials invited Ehrhardt to
a meeting on 24 February 1961 and asked him
to bring written proposals. An examination
of Ehrhardt’s documents by Zurich Technical
University professors prompted the KTA on 31
May 1961 to refrain from further cooperation
with Ehrhardt.
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Interessiert an den Kiinsten des deutschen
Physikers blieb indes weiterhin ein Beamter
der KTA: Adjunkt Eugen Burkhard, Chef
der Ristungszentrale der Kriegstechnischen
Abteilung, erhoffte sich von Ehrhardts Ideen
Entdecker-Ruhm und férderte den Deutschen
in eigener Regie.

Als KTA-Beamten fiel es Burkhard leicht,
dem Forscher Aufenthaltsbewilligung und
Wohnung zu verschaffen. Im August 1961
siedelte sich der Waffenrevolutionar mit Gattin
Ilse und vier Sprofilingen am Sarner See im
Kanton Obwalden an.

Riickendeckung fiir die folgenden Versuche
wurde Ehrhardt durch die “Bewilligung
2524”7 der KTA zuteil, in der dem Physiker
gegen Entrichtung von 50 Franken Gebiihr
und 80 Rappen Porto routinegemafl er-
laubt wird, “Prototypen zu Geschossen ohne

Patronenhiilsen bis zum Kaliber 30 mm
herzustellen”.
In  Wahrheit experimentierte der Sarner

Neubiirger aber nicht mit 30-mm-Geschossen,

sondern mit “Todesstrahlen”. Mit diesen
Produkten seines Erfindergeistes schmolz
Ehrhardt im letzten Frithjahr—so erzahlte

er der “Deutschen National-Zeitung”—auf
eine Entfernung von zwolf Kilometern binnen
Sekunden anderthalb Meter hohen Gletscher-
schnee. Applaudierte die DNZ: “Erfinder Dr.

Ehrhardt, Herr iiber Tod und Leben.”

Ungemach néherte sich dem Herrn iiber Tod
und Leben freilich, als Anfang Juni ein Photo
erschien, das den Ehrhardtschen Todesstrahl
als drohend himmelwarts gerichteten Finger
iiber dem Sarner See zeigte.

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

Interest in the creations of the German physi-
cist remained, however, for one official of
the KTA: Adjunct Eugen Burkhard, head of
the Armament Center of the War Technical
Department, hoped that Ehrhardt’s ideas were
pioneering and supported the German on his
own.

As a KTA official, it was easy for Burkhard to
obtain a residence permit and housing for the
researcher. In August 1961, the weapon revo-
lutionizer and his wife Ilse and four offspring
settled on Sarner Lake in the canton Obwalden.

Ehrhardt received support for the ensuing
experiments through the KTA “Permit 2524,”
by which the physicist routinely accepted
payments of 50 francs fee and 80 cents postage
“to produce prototype projectiles without shell
casings up to 30 mm caliber.”

In truth,
mented not with 30-mm projectiles, but with
“death rays.” With these products of his inge-
nuity, last spring Ehrhardt melted—so he told
the German National Newspaper (DNZ)—one
and a half meters of glacier snow within seconds
at a distance of twelve kilometers. The DNZ
applauded: ”inventor Dr. Ehrhardt, master of
life and death.”

the new Sarner resident experi-

Trouble approached the master of life and
death, as at the beginning of June, a photo was
published that showed Ehrhardt’s death ray as
a threatening finger pointed skyward over the
Sarner Lake.
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Die eidgendssische Presse, von der schockierten
Fremdenindustrie alarmiert, tiberhaufte die
nichtsahnende Kriegstechnische Abteilung mit
Vorwiirfen wegen dieser “lebensgefdhrlichen
Experimente”, wahrend die Sarner Gastwirte
Schadenersatz fiir die Gaste forderten, die
wegen der Todesstrahlen fernbleiben wiirden.

Das Militardepartement liel eilends ver-
lauten, Ehrhardt habe “keinen Rappen”
schweizerischer Steuergelder fiir seine Experi-
mente erhalten. Zugleich interessierte sich die
eidgendssische Sicherheits- und Fremdenpolizei
eingehend fiir den Deutschen.

Dabei ergab sich laut Polizeibericht, daf
Ehrhardt Punkte
Person und seines Vorlebens unwahre Angaben
gemacht hatte, so iiber seine Tétigkeit in der

DDR”.

“liber wesentliche seiner

Da witterten die Behorden die Chance,
sich des peinlichen Gastes zu entledigen: Am
4. Juni eroffnete die Fremdenpolizei Obwalden
dem Ehrhardt, dafl sein Aufenthalt bis zum 15.
Juli 1963 befristet sei.

Tage vor Ablauf der Frist, in der
Nacht vom 13. auf den 14. Juli, verschwand
Ehrhardt aus seinem Sarner Domizil, ohne sich
abzumelden oder eine Adresse zu hinterlassen.

Zwel

Mit seinem allzu stillen Abschied wurde
Ehrhardt freilich gezwungen, vorerst auch auf
die Verwirklichung eines Planes zu verzichten,
den er in der Ende 1962 herausgegebenen
Schrift “Der neue Weg” publik gemacht hatte:
die Nutzbarmachung eines von ihm erdachten
Perpetuum mobile.

Erfinder Ehrhardt

“Ungeheure Zerstorungskraft... iber 30 000
Kilometer”: Ehrhardt-Strahl am Sarner See
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The national press, alarmed by this shocking
outsider industry, showered the unsuspecting
War Technical Department with allegations of
these “perilous experiments,” while the Sarner
innkeepers demanded compensation for losing
guests who would stay away because of the
death rays.

The Military Department hastily announced
that Ehrhardt had received “not a cent” of
Swiss tax money for his experiments. At the
same time, the national security and immigra-
tion police became interested in details about
the German.

According to the police report, it was found
that Ehrhardt “had given untrue information
regarding significant points about himself and
his prior life, as well as his activities in East
Germany.”

Here the authorities sensed the chance to
get rid of the embarrassing guest: On June 4,
the Obwalden immigration police disclosed to
Ehrhardt that his stay must end by 15 July
1963.

Two days before the deadline, in the night from
13 to 14 July, Ehrhardt disappeared from his
Sarner home without checking out or leaving a
forwarding address.

With his all too silent departure, Ehrhardt was
indeed forced to abandon the realization of a
plan, which he had made public in his writing
“The New Way” published at the end of 1962:
harnessing a perpetual energy source he had
devised.

Inventor Ehrhard [Fig. C.93]

“Monstrous destructive power... over 30,000
kilometers”: Ehrhardt’s ray over Sarner Lake
[Fig. C.95]
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Figure C.93: Hans Ehrhardt/Engelke in his 1961-1963 Swiss lab.
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Figure C.94: Hans Ehrhardt/Engelke in his 1961-1963 Swiss lab, working on a device that appears
to resemble a gas laser.
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Figure C.95: Demonstration of Hans Ehrhardt’s/Engelke’s laser-like beam over the Swiss Sarner
See. The clock hands indicate 10:10, which could be a.m. or p.m. Based on the lights visible in the
buildings and reflected in the water, this photo was taken at night, so 10:10 p.m. The brightness
of the sky suggests a long exposure and/or moonlit night. Even just the small fraction of light
scattered by dust particles out of the beam toward the camera is clearly much brighter than the
building lights, so the light within the beam would have been quite intense. Most of the apparent
expansion of the beam is due to the perspective of the beam coming from the distance toward the
camera; the beam is remarkably well collimated. Although the photo is black and white, observers
reported that the beam was green.
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Figure C.96: The view now from a hill behind the Pfarr- und Wallfahrtskirche Sachseln church in
Sachseln looking toward the north, across the Sarner See toward the Pfarrkirche St. Peter und Paul
church in Sarnen. Hans Ehrhardt’s/Engelke’s laser-like beam was apparently fired from the vicinity
of a waterfront house or hotel somewhat to the left of the Sarnen church.
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“Todesstrahlen” iiber dem Sarner See: Uber den “deutschen Physiker” Hans Ehrhardt,
der in der Schweiz beinahe das Perpetuum mobile erfunden hat. Physikalische Bldtter

19:11:511-516. November 1963.

[https://onlinelibrary.wiley.com/doi/abs/10.1002/phbl.19630191104]

[...] Mit dem Doktor ist es nichts, mit dem
Studium diirfte es auch nichts sein; jedenfalls ist
Hans Ehrhardt kein Physiker in unserem Sinn,
d.h. nicht ein Mann, der eine wissenschaftliche
Schulung in der Physik durchlaufen und sein
Studium mit der Priifung an einer Universitat
oder Hochschule abgeschlossen hat. Ehrhardt
nennt sich Ingenieur, gelegentlich aber auch
Physiker; er diirfte Autodidakt sein, der schon
vor 1945 sonderbaren Ideen nachging, wie
der einer neuartigen Flugabwehrwaffe mit
gebilindelten Ultraviolettstrahlen, deren Wirk-
samkeit er auf mehrere 10000 km Distanz
glaubte garantieren zu konnen. |...]

Das Gutachten aus dem Laboratorium fiir
Festkorperphysik der ETH trifft den Nagel auf
den Kopf. In dem uns von Prof. Dr. Géarnicher
zugestellten  Schriftstiick,
das {ibrigens nur durch Indiskretion in die
Offentlichkeit gelangte und das von einem Dok-
toranden des Laboratoriums (nicht des Phys.
Inst.) erstattet worden ist, heisst es: “Die unter-
suchte Arbeit ist wissenschaftlich wertlos. Der
Verfasser stellt darin Behauptungen auf, welche
darin gipfeln, er habe das Perpetuum mobile
erster Art erfunden... Das konfuse physikalische
Welthild des Verfassers lasst sich etwa folgen-
dermassen zusammenfassen: Raum und Materie
sind durchsetzt von Wolken freier Elektronen in
unterschiedlicher Dichte. Diese freien Elektro-
nen sind in dauernder ungeordneter Bewegung,
verursacht durch “Urkréfte der Materie”. Nun
braucht man nur diese Bewegung zu ordnen, was
an Halbleiter- und Grenzschichten geschehen
soll, um einen dauernden elektrischen Stromfluss
zu erhalten...”

freundlicherweise

[...] There is nothing to his doctorate; there
should also be nothing to his education; in
any case Hans Ehrhardt is not a physicist in
our sense, i.e. not a man, who went through a
scientific training in physics and finished his
study with the examination at a university
or college. Ehrhardt calls himself an engi-
neer, but occasionally also a physicist; he is
probably self-taught, who already before 1945
pursued strange ideas, such as that of a novel
anti-aircraft weapon with bundled ultraviolet
rays, the effectiveness of which he believed
he could guarantee over a distance of several
10000 km. [...]

The report from the Laboratory for Solid
State Physics at ETH Zurich hits the nail
on the head. In the document kindly sent
to us by Prof. Dr. Garnicher, which, by the
way, only came into the public eye through
indiscretion and which was reimbursed by a
doctoral student of the laboratory (not of the
Phys. Inst.), it says: “The work examined
is scientifically worthless. The author makes
claims in it, which culminate in the fact that
he invented perpetual motion of the first
kind... The confused physical world view of
the author can be summarized as follows:
Space and matter are interspersed with clouds
of free electrons of different density. These free
electrons are in constant disordered motion,
caused by ‘forces of matter.” Now one only
needs to order this movement, what should
happen at and boundary
layers, in order to receive a continuous electric
current flow...”

semiconductor
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Abb. 3: ,Experimentalschema V einer
sukzessiven Entladung hochgespannter
Strome. Wiirde nach diesem Schema zu-
mindest in stark gewittergeféhrdeten

—_—

BEEE Gebieten verfahren, dann koénnte es dort
A keine Blitzeinschlige mehr geben.©
* ‘ A = Lichtquelle, B = Gitterantenne als

Elektronenfalle

Abb. 4: Experimentalschema VI, ,Quan-
tenturbotron“. Die Ultraviolett-Strahlung
von A und A' wird durch die Parabol-
spiegel B und B®' nach G konzentriert.
Dort wird ein leichtes Gas zugefiihrt
und die Strahlung nun in Richtung D
gesandt, wo sle einen mit Knallgas ge-

fiillten Ballon in 1000 m Abstand ,mit
Sicherheit zur Explosion“ bringt

—O—

[Fig. 3: “Experimental scheme V of a
successive discharge of high voltage
currents. If this scheme were to be applied at
least in thunderstorm endangered areas,
then lightning strikes could no longer occur
there.” A = light source, B = grid antenna as
electron trap.

Fig. 4: Experimental scheme VI, “quantum
turbotron.” The ultraviolet radiation of A
and A' is concentrated to G by the parabolic
mirrors B and B'. There, a light gas is
supplied and the radiation is now sent in the
direction of D, where it causes a balloon
filled with oxyhydrogen gas to “explode” at
a distance of 1000 m.]

Figure C.97: Diagrams from a page left behind in Switzerland by Hans Ehrhardt/Engelke.
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Der Erfinder wartet mit konkreten Vorschlagen
auf: Das Experimentalschema V fiir seine Ver-
suche (Abb. 3) zeigt eine Rohre, durch die das
Licht an der Lichtquelle A senkrecht nach oben
geschickt wird, wiahrend B eine “Gitterantenne”
ist, die am Isolator abgebogen ist. Sie dient als
“Elektronenfalle”. Mit dieser Anordnung, dem
“Quantenturbutron”, will der Erfinder Elektro-
nen mit dem Lichtstrahl mitschiessen und sie
zur Abgabe grosser Energien zwingen, denn:
“sind sie (die Elektronen) einmal eingefangen
und ausgerichtet, dann geben sie grosse Mengen
Energie ab”. (S. 19)

Ein anderes aufschlussreiches Experimen-
talschema zeigt Abb. 4. Die Bildlegende enthalt,
was der Erfinder dazu sagt.

APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

The inventor comes up with concrete pro-
posals: The experimental scheme V for his
experiments (Fig. 3) shows a tube through
which the light at light source A is sent verti-
cally upwards, while B is a “grating antenna”
which is bent off at the insulator. It serves as
an “electron trap.” With this arrangement,
the “quantum turbutron,” the inventor wants
to shoot electrons with the light beam and
force them to emit large energies, because:
“Once they (the electrons) are captured and
aligned, they emit large amounts of energy.”

(p- 19)

Another informative experimental scheme
is shown in Fig. 4. The caption contains what
the inventor says about it.

[The unnamed author of this article stated that he never met Ehrhardt/Engelke or saw his ex-
periments in person, yet he proceeded to spend most of the article ridiculing Ehrhardt/Engelke
as an uneducated crackpot who was trying to build perpetual motion machines. (Figs. C.93-C.95
look nothing like perpetual motion machines or the work of a scientific illiterate.) However, the
unnamed author did find a few pages about Ehrhardt/Engelke’s research that had been written by
Ehrhardt/Engelke or by his Swiss scientific evaluators. The author quoted a few intriguing lines
and two figures from those documents.

The provided information is insufficient to judge how or whether Ehrhardt/Engelke’s designs would
work, but they do offer some hints:

e The unnamed author seemed to have reason to believe that Ehrhardt/Engelke’s research on
producing powerful light beams dated back to wartime work.

e Ehrhardt/Engelke dubbed his device a “quantum turbo.” Considering that a “turbojet” pro-
duces a highly ordered, tightly directed jet or stream of gas, a “turbo” that produces a highly
ordered, tightly directed stream of “quanta” (photons) would not be a bad description of a
laser.

e The device contained a gas in an optically transparent glass tube that was electrically excited
at the desired energy, which would certainly be reasonable in a laser.

e The device used mirrors, as would be expected in a laser.

e The device was ultimately intended to produce a beam of ultraviolet light. The beam pho-
tographed over the Sarner See appears to be visible light (unless the film was exposed by
ultraviolet light), but perhaps Ehrhardt/Engelke’s current experiments used visible light as
a stepping stone to future experiments with ultraviolet.

e The device was intended to produce a highly focused light beam of sufficient intensity to heat
objects (balloons, snow, or aircraft) at a distance, or if short-wavelength ultraviolet light were
used, perhaps even to create enough ionization in the air to affect the preferred direction of
lightning discharges from thunderstorms.|
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Patentanspruch

Verfahren mit Vorrichtung zur Erzeugung reiner Kernfusion,
dadurch gekennzeichnet, dass D2O oder eine kritische Masse
?H bei Energicaufnahme durch hy nicht expan-

dieren kunn, dewit bewirkt, dass eine vollkommen ceuntgaste

zum Beispiel ?IH

fliiesige Probe (wie oben bezeichnet) in einer Neaktionskeumer
derart gehalten wird, dass dieselbe weder bei Gefrieren odcvw

Fnergieaufnahme (hy) eine ridumliche Ausdebnung erfahren kannm,
weil ein hydraulischer Druck dem Expansionsbestrebern der Probe

proportional entgegenwirkt.

NB

Beweis kenn gefithrt werden!

Figure C.98: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application (later is-
sued as German patent DE2308071) on a method of inducing nuclear fusion reactions using converg-
ing high-power laser beams. Was the inventor the same person as the mysterious Engelke/Ehrhardt
from a decade earlier?
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En+Th-Pat, 1/73-Tag 47

2308071

REINE KERNTFUSION

Die Erfindung hetrifft cir Verfahren mit Vorrichtung zur
Erzeugung r e i n ¢ r Kernverschmclzung, die erreicht wird,
wenn eine kritische Masse zum Beispiel fﬂ+?ﬂ bei Energie-
aufnahme durch hyn i ¢ h t expandicren kann.

Bestrebungen mit dem Ziel, ecine reine Kernfusion einzu-
leiten, sind aus den Bereichen der Plasma-Phvsik bekannt
geworden, Diesen hislang stets nesativ verlaufenen Je-
mihungen zu begegnen, ist die Aufszabe, die nit dieser Er-

findung geldst wurde und ihr zugrunde liegt.

Zur Lrzeugung heisser Plasmen und zu den Felilern im Expe-~
riment bei Voruntersuchungen, reine Xernfusionen mittels
Lichtquantencnergie hy einzuleiten, muss Rekanntes voraus-
Zzeschickt werden und zwar, dass mit einem Laser jedes Ma-
terial verdaupft werden kann,

Bei hoher Leistungsdichte wird das verdampfie Material
gleichzeitig ionisiert - es entstcht ein Plasuwa. Auch
dieses kann noch aus dem Laserstrchl Energic aufnehmen und
sich aufheizen. Dabei hiingt die Absorptiou von den Plasaa~
paraaetern ab. Diezse Verhiltnisse kounen wie folgt darge-
legt werden:

Geladenc Teilchen (Yonen oder Plelironen) fiinren in einem

elektrischen Feld Oszilla.ionen aus; die mittlere Schwin-

gungserergie ist dabei umgekehrt proportional zur Masse,

Figure C.99: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application (later is-
sued as German patent DE2308071) on a method of inducing nuclear fusion reactions using converg-
ing high-power laser beams. Was the inventor the same person as the mysterious Engelke/Ehrhardt
from a decade earlier?
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Da die Masse der Ionen um einige Grissenordnungen iiber der
der Elektronen liegt, nehmen die Innen wenig Fnergie auf,
Das heisst, die Energiezufuhr in das Plasuwua erfolgi fast
ausschliesslich iiber die Elektronen.

Allerdings ist die Schwingungsenergie der Elektronen nur
eine Art Blindenergie, solange die Elektrenen nicht unter-
einander oder mit den Ionen in Wechselwirkung stehen: Freie
Elektronen werden in einem elektrischen Wechselfeld (Licht-
welle) abwechsclnd beschleunigt und verzigert; sie nehmen
Energie suf und geben sie daun wieder ab. (Das gleiche ge-
schieht mit den Ionen eines festen Korpers, zum Beispiel
Glas. Dem entspricht ein erhdhter Brechungsindex, d.h. ny1i,
jedoch kleine Absorption.)

Damit die Elektronen eine Wirkenergie aufnehmcn, miissen sie
Stosse ausfiihren. Bei einem Stoss wird die Schwingenergie
(Blindenergie) in kinectische Energie (Virkenergie) uungewan-
delt. Das Elektron Lann dann erneut Schwingungsenergie auf-
nehmen, Bei ausreichender Energie (10 eV) kionnen die Elek-
tronen weitere Atome ionisieren, Die grisste Stosszahl er-
gibt sich aus maximaler Dichte, also wenn der Laser auf
einen festen Korper gerichtet wird, Es kann bercchaet werden,
dass dann bei einer Lichtfeldstirke* von IOSV/cm die Elek-

1 . .. . Ry
3! cine fiir eine Joni~

tronen innerhalb einer Zeit von 10~
sation weitere Atome ausreichende Fnergie erhalten.

Alle 107135 verdoppelt sich somit die Zahl der lonen und
Elektronen, bis das Material in ciner gewtssen Schichtdicke
hoch ionisiert ist. Dies wird innerhalb einer Zeit von we-

niger als 10“113 errcicht.

Nach sciner Erzeugung begiant d

a5 Plasma sogleich zZu expan-
dieren, Dies geschielt aufgrund der Wirmehewegung (¥nergie-
aufnahme) der Ionen, aber auch durch Beschleunigung in einem
Feld, das sich infolge Raumladung aufbaut. Die Raumladurng
tritt auf, weil die Elektronen wegen ihrer hoheren Tempera-

tur bei der Expangsion dem iibrigen Plasma veorauseilen,

Durch diesen Prozess ergiht sich eine Verteilung des Plas-

mas mit unter sehiedlicherDichte,

(*) Die Lichtfeldstidrke in einem Luserstrahl ergibt sich aus E0=19,hA\/Snfow,

weun die Leistungsdichte S0 im Lasecstrahl in der Einheil W/cu™ gemessen

wird: Im Trennpuikt cines folussierten Nubin-Rieseaimpulalaser kann die

. . . 14 Py
Leistungsdichte bis 30" W/cm betramen; dem entsprieht eine Li-htfeldctirke

— !:dxz.msv/cm . 4L09881/0008

Figure C.100: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application
(later issued as German patent DE2308071) on a method of inducing nuclear fusion reactions
using converging high-power laser beams. Was the inventor the same person as the mysterious
Engelke/Ehrhardt from a decade earlier?
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Je nach der Dickie verhilt sich nun das Plasma unterschied-
lich: Bei kleiner Dichte bzw: flektronenkonzeatration fehlt
die Wechselwirkung wit enderen Ilektronen oder Ionen; das

Laserlichl wird nichi abserbierti. Bei groscer Dichte ergibt
gich eine entsprechicnd grosce fAbscrption, sefern das Laser-

licht in 2as I'lesna cindringen kaun,

Zwischen dc¢n beiden Bereicben geringer Absorption bzw, hober
Reflexion licgt eine Zotie, in die der Laserstrahl eindringt
und in der er abesesbicrt wird., Es ist dies die Zone mit ciner
LDlektronenkonzentration n=np, wobei np die Lonzentration he-
deutet, bei der die Plesmafrequenz (kreisfreguenz)

S
wp = Qh m ¢”np/m, avnithernd gleich der Frequenz des Laser-
lichts ist (1 ist die Ilekiromenmnsse, e die Elemeniariadung).
Die Strahlung cines Jasers wird somit im Wescntlichen nur in
einem Bereich mit ginstiger BElektronenkonzentration ahzorbiert.
Der Bereich erstrecki sich iiber fast eine Zehnerpotenz um die-
sen Wert, er liegt um aunihernd cin bis zwei “ehnerpotenzen
unter der Konzeuntration im festen Material (&Aﬂpzcm—j). Die Aus-
debnung des Bereichs hiingt von der Versuchsbedingung ah, sie

kann unter Unstiinden einige IO_Qcm bhetrapgen.

Unter Anwendung dieser Erkenntnisse wurden bereits zahlreiche
lixperimente zur Przeugung heisser Plasmen ausgefiihrt. Das Laser-
licht wurde dahei auf Lithiunhydrid oder Lithiumdeuterid oder
auf fesien Wassersioff bzw, festes Deuterium gerichtel, Gemessen
warden Jorenencrgien von mehr als 1000eV, entsprechend Ionen-

k.

temperaturen vou mehr als 10 000 000
s gibt auch Arbeiten, bei dencn man den Lacerstrehl nicht auf
festes Material riclhitet, sondern das Plasma in einem Gas er-
zeugt. Man arbeitet dabeil wit zwel Luaserimpulsen, dic nachein-
ander von zwei Lasern emittiert werden, und nuizt lie Ligen-

schaft der durch den ersten Impuls crzueglen Schockwelle ans,

Alle Arbeiten diecser Art sind Verunlersuchuingen wil dem Ziel
einer Kernfusioen. Uw dicses Ziel zu erreichen, mussen ver-
schiedene Bedingungen erfiillt sein, und zwar Bedinguogen hin-
sichtlich Dichte, Mosse und Temperatnr und hinsichtlich dor
Zeit, wahrend cin Plasma auf hohen Temperoturen gebalicon wer-

den kann, Dine hobe Teuwperatur wllewn peniise nlcht.

Figure C.101: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application
(later issued as German patent DE2308071) on a method of inducing nuclear fusion reactions
using converging high-power laser beams. Was the inventor the same person as the mysterious
Engelke/Ehrhardt from a decade earlier?
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Nach dem heutigen Stand der lLasertcclinik kdnnem unter diesen
Voraussetzunge. diese Bedingungen nur erfiillt werden, wenn
mehrere tausend der stédrksten Laser gleichzeitipg geziindet wer-
den und ihre Leistung auf ein und dieselbe Probe gerichtet wird.
Unter diesgen Unstiéinden wire es prinzipiell moglich, mit Laser-
energie eine Kernfusion zu bewirken.

(kussische Autoren berichten, dass in Laserplasmen bercits freic
Neutronen nachgewiesen werden konnten, wie sie bei thermopu-

klearen Reaktionen entstehen.)

ﬁenn auch die Mdglichkeit als gegeben erscheint, mit mchreren
tausend liesenimpulslasern eine Kernfusion cinzuleiten, so wire
dieses Experiment nicht allein vom matericllen Einsatz her absurd,
sondern auch von der Basis der Versudsanordnung bereits infrage
gestellt, weil eine grundlegende Voraussetzung zum Gelingen einer
Fusion mit Laserimpuls bisher nicht beachtet wurde. Niemals darf
cine Probe - damit es keine unterschiedlichen Dichten im Reak-
tionszentrum gibt - bei Energieaufrahme rdumliche Verinderungen
erfahren - sie darf nicht expandieren kounen! und damit ist hier
auf das Kriterium der Fehler im experimentellen Bereich hinge-
wiesen.

Eine Probe muss bei LEnergieaufnahme an homogener Dichtc zunehmen
und endlich diejenige dichte Packung erreichen, die zwangsléufig
zu einer Kernfusion fiihrt. Ist diese Voraussetzung gegcben, genii-
gen bereits Quantenimpulse von zwei mal 1014W/cm2, um freie Neu-
tronen zu erzeugen, und vier mal lOJhW/cmz, um eine reine Kern-~

fusion einzuleiten,

Hauptyegenstand der vorliegenden Erfindung ist eine Heaktions-

kammer in der Konfiguration eines Simultan-Autollaven, der ex-

trem hehe innere Driicke bei grosser Kidlte- oder Wérmeeinwirkung
mit Sicherb-it aufnehmen kann,

Im Zeichnungshlatt 1A 1st diese Heaktionskammer mit zwei aussen
angeordneten lmpulslasern(A-B) schematisch im Querschnitti dar-

gestellt,

Das Block-iichcma 1B gibt die Schrittfolge zur Ausiibung des Ver-

fahrens an,

Figure C.102: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application
(later issued as German patent DE2308071) on a method of inducing nuclear fusion reactions
using converging high-power laser beams. Was the inventor the same person as the mysterious
Engelke/Ehrhardt from a decade earlier?
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Fliissigkeitsmolekiile sind i; gtindiger regelloser Bewegung
(Wirmebewegung) und leicht gegeneinander verschiebbar. Bei
konzenirierten Energieimpulsen, mit zum Beispiel einem fokussierten
Laser, erhalten Fliissigkeitsmolekiile durch thermische Ausdehnung
betrichtliche Bewegungsenergien und werden regelrecht aus einem

Fokus herausgeschleudert.

Diesbeziigliche Lxperimente mit Eiskristallen haben ebenfalls nega-
tive Resnltate ergeben, weil unter anderem 2in Kompressionsdruck

wihrend der angestrebten Reaktionsphase fechlte.

Bei Untersuchungen mit heissen Plasmen cine Kernfusion herbeizu-
filhren, reichte die Energie cines Magnetfeldes nicht aus, die unter-
schiedlichen Dichten zu kompensieren, die in Erscheinung treten,
wenn ein ringférmig gehalteuces (ohnehin labiles Plasma) an irgend-
einem Punkt untersﬁhiedliche Dichten durch zusédtzliche Energie-

aufnahme erfdhrt,

Zusammen: Eine hohe Temperatur allein geniigt nicht. Bei allen
bisher bekanntgewordenen Experimenten fchlte der optimale Druck

und die homogene Dichte im Reaktionszentrum,

Der vorliegenden Erfindung liegt zugrunde, Flissigkeitomoleliile

im Erstarrungszustand (Gefrierzustand), also ortlich gebunden,
derart mit konzentrierten Energien zu erreichen, dass weder eine
drtliche Verschiebung oder cine Expansion der Molekiile durch Ener-
gieaufnahme stattfinden kann, Diese grundlegenden Bedingungen sind
erfiillt, wenn der Gefrierzustand einer fliissigen Probe unter Druck

erfolgt,

Die auf dem Zeichnungsblatt 1, im Schnitt schematisch dargestellte

Reaktionskammer G trigt Arbei?sdrﬁcka bis zu 3 « 10 at, und hat

zweckmidssig die Gestalt einer Hohlkugel.

Zwei kegelférmige Linsem C-D zum Deispiel bestehend aus NaCl oder

Quarz, sind derart in der Wandung gelagert, dass jeweils ihr Legel-

stumpf nach innen gerichtet ist. Aussen angcerdnet befinden sich

zwei Impulslaser A - B, dic auf einer optischen Bank so ausgerichtet

sind, dass bei Impuls vermittels Kegellinsen C - D im Reaktions-

raun F cin Fokus E erzeugt wird.
Figure C.103: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application
(later issued as German patent DE2308071) on a method of inducing nuclear fusion reactions

using converging high-power laser beams. Was the inventor the same person as the mysterious
Engelke/Ehrhardt from a decade earlier?
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Die Experimentalschritte nach dem Blockschema auf Zeichnungs-
blatt 1B werden wie folgt durchgefiihrt: Das Abfillen der fliissigen
Probe wird mit der Vakuum-Abfiillgruppe A bis E bewirkt, wcbei die
Probe zunichst durch das Ventil 5 in den Entgasungskolben C gezogzen
wird, Dabei sind die Ventile 3 und 4 zn verschliessen. Ist die er-
forderliche Fliissigkeitsmenge in C eingestromi, wird da: Ventil s
geschlossen und ein Ultraschallgeber im Entgasungskolben C einge-
schaltet, |

Jetzt wird die Probe durclh vorsichtiges Abpumpen entgast, uad das
Ventil 2 kann erst verschlossen werden, wenn die Fiiissigkeit vollig
zum Stillstand.gekommon ist, Ist dies geschehen, wird das Ventil 2
geschlossen, die Vakuumpumpe A abgeschaltet und-danach das Be-
liiftungsventil 3 gedffnet.

In dieser Folge erhiilt die Sicherheits-Vakuumgruppe G-H den Befehl,
solange ein Grobvakuum von 10-3 Torr vor den Kegellinsen C-D
(Zeichnungsblatt IA) aufrechtzuerhelten, bis der Filllvorgang mit
der Vakuumfiillgruppe I-J beendet ist. Zydiesem Zweck werden die
Ventile 4 und 7 geoffnet, Ventil 8 geschlossen und die-Vakuum-
pumpe J eingecschaltet.

Der Reaktionsraum F ist gefiillt, sobald Fliissigkeit in die Vakuum-
falle I eintritt, und es wird zunidchst das Veﬁtil 4, dann das Ven-
til 7 verschlossen, das iiber Elektroimpuls simulten die Ventile

(H und I, Zeichnungsblatt 1A) der Reaktionskamwer verschliesst,

Mit dem Offnen des Ventils 8 wird auch die Vakuumpumpe J abge-
schaltet.

Nach Beendigung dieses Vorganges muss die Sicherheiisvakuumgruppe
G-H ebenfalls abgeschaltet und die (Kegellinien C-D im Zeichnungs-
blaft IA) freigelegt werden. Vor Abschalten der Vakuumpumpe G, ia#

Ventil 6 zu Gffnen.

Der Laserimpuls wird eingeschossen, wenn der Gefrierzustand der

5

Probe einen Druck von 10 at. erreicht hat.

Figure C.104: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application
(later issued as German patent DE2308071) on a method of inducing nuclear fusion reactions
using converging high-power laser beams. Was the inventor the same person as the mysterious
Engelke/Ehrhardt from a decade earlier?
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Figure C.105: In 1973, an inventor listed as Jonas Engelke filed a detailed patent application
(later issued as German patent DE2308071) on a method of inducing nuclear fusion reactions
using converging high-power laser beams. Was the inventor the same person as the mysterious
Engelke/Ehrhardt from a decade earlier?
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[There are many mysteries regarding Hans Ehrhardt/Engelke and his laser-like experiments:

e “Ehrhardt” was clearly not the person’s real name, and “Engelke” likely was not either. If his
real last name was something else, it may have begun with an E. At least one of his names
was an alias and he could have chosen anything, yet he chose to use the same initial letter
for some reason. (E is a somewhat less common first letter for German last names.)

e Hans Ehrhardt/Engelke was building and testing optics equipment for novel high-luminosity
light sources. Did he have a formal university education and/or previous job experience in
optics, perhaps under some other name?

e Swiss accounts said that Hans Ehrhardt/Engelke claimed to have been born in 1918, which
would have made him 43-45 years old in 1961-1963. The 1961-1963 photos of Hans Ehrhardt/
Engelke look like a man who was perhaps a decade older than that. While it is possible that
Hans Ehrhardt/Engelke simply looked older than his true age due to the hard life he had
led, there is the very real possibility that he was born earlier than he claimed. His true age
would have large implications for what his real identity might have been, and what his true
educational and work background might have been.

e Hans Ehrhardt/Engelke had a wife and four children in 1961-1963. Can more information
about him be traced from his family’s history either before or after that time period?

e Hans Ehrhardt/Engelke claimed that he helped to develop fuel-air explosives during the war.
One of the main groups conducting such work was a large Luftwaffe-funded team led by Mario
Zippermayr (see p. 541). Had Hans Ehrhardt/Engelke been a member of Mario Zippermayr’s
group (or perhaps some other fuel-air explosive group) during the war?

e Hans Ehrhardt/Engelke had worked for the Russians but wanted to leave that behind. He
likely would have applied to work for the United States. Do U.S. Foreign Scientist Case Files
at NARA (or other files) contain information on Hans Ehrhardt/Engelke under those or any
other names?

e Hans Ehrhardt/Engelke appeared to have been blacklisted, wandering from place to place,
unable to find someone (other than the Russians) willing to provide him a home and a job.
That would have been a good motivation not to use his real name and identity, and suggests
that he was not using his real name and identity.

e What was the real name, age, and background of Hans Ehrhardt/Engelke?

e The laser-like research of Hans Ehrhardt/Engelke seemed to date back to the war, based on
some of his mysterious statements. If so, was Ehrhardt/Engelke’s research also related to the
wartime work of Wilhem von Meyeren or others?

e How widespread, and how advanced, was work on laser-like technologies in the Third Reich?

e What influence did German-derived laser-like technologies have on the development of lasers
in the United States, Russia, and other countries in the 1950s—1960s?

e What additional relevant documents can be discovered in archives or family collections around
the world?]
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William B. Bridges. Laser Oscillation in Singly Ionized Argon in the Visible Spectrum.
Applied Physics Letters 4:7:128 (1964)

Ten new laser wavelengths in the green and blue portions of the visible spectrum have been observed
in a pulsed argon discharge. The responsible transitions occur in the singly ionized state of the Ar
atom (AH spectrum). Measured wavelengths, tentative level assignments, and a few estimates of

]

[Officially, the first laser was not built until 1960 (by Ted Maiman), and the argon gas laser was
not invented until 1964 (by William Bridges), both at Hughes Aircraft in the United States.]

[For examples of German-speaking scientists who pioneered the development of semi-
conductor lasers, or laser diodes, see pp. 2911-2922.]
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C.4 Focused Sound Waves

[German-speaking scientists took the lead in harnessing focused sound waves for a wide variety
of applications, ranging from the first ultrasound imaging devices to the first directed acoustic
weapons. The following documents demonstrate that those technologies were developed and suc-
cessfully demonstrated in Germany and Austria during the war, and then directly transferred to
other countries in 1945, leading to modern acoustic and ultrasound devices.]

BIOS 1504. Industrial Applications of Ultrasonics. pp. 3—11 [Reports on two laboratories
developing ultrasonic generators and applications of them.]

I. PRODUCTION OF ULTRASONICS.

(a) General.

In the last ten years possible industrial applications for ultrasonics became apparent, and Siemens-
Schuckert (S.S.) started research work on the production of intense sources of ultrasonics just prior
to the war. [...]

Most of the development work was carried out with magneto strictive and piezo-electric generators,
but some work was also done with an acoustic mechanical method based on the Galton whistle.
The magneto strictive generators were usually worked at frequencies between 10 and 25 k.c., the
piezo-electric generators at 300-400 k.c. and the whistle at 15-20 k.c. Each of these methods had
its own particular advantages, and the choice of the one to be employed depends on the particular
application.

(b) Magneto strictive generators.

These depend upon the property of ferromagnetic metals to change their dimensions in the direction
of an applied magnetic field. In practice an alternating current was superimposed on constant D.C.
current, both of which magnetised a nickel rod which is set into oscillations of the same frequency
as the A.C. current. Only if the frequency is equal to the natural mechanical frequency of the rod
are large amplitude oscillations produced. The ultrasonics are radiated from the end surfaces of the
rod into the surrounding medium. |...]

Fig. 1 shows the fundamental arrangement for treating liquids. The nickel rod (1) is let in through
the bottom of the glass container (2) and is partly immersed in the liquid (4) which can be circulated
through tubes (6) and (7). The tube is held by a rubber gasket (3) which should be at a node of
the rod so as not to damp the oscillations. The external section of the rod is surrounded by a coil
(5) through which both the A.C. and D.C. is passed. Sometimes two coils are employed; one to
carry the A.C. and the other the D.C. [..]

The oscillator is tuned before use to the natural frequency of (1) with Ly. The nickel rod is usually 11
cms. long corresponding to 23 k.c. or sometimes 20 cms. corresponding to 12.75 k.c. An experimental
oscillator was said to give 300 watts of ultrasonics with a current consumption of 800 watts.

The major advantage of the magneto strictive oscillator is its simplicity and ruggedness, and its
major disadvantage the low frequencies at which it has to operate since it depends on the natural
frequency of the rod. Another disadvantage often encountered is the small area from which the
ultrasonics radiate. These disadvantages are absent in a piezo-electric generator.
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(c) Piezo-electric oscillators.

Quartz crystals were the only piezo-electric materials employed. A suitably cut quartz crystal
oscillated with a frequency depending on the thickness and an amplitude depending on the applied
voltage. [...]

S.S. always mounted their crystal in oil to prevent arcing, and a typical ceramic container [...] is
shown in Fig. 5. [...]

Fig. 6 shows the generator in action. The materials to be irradiated are placed in thin-walled glass
containers and suspended in the oil fountain]...]

The generator uses 2.7 k.w., dissipates 1.6 k.w. of high frequency and produces 400 w. of ultrasonics.

o]

(d) Mechanical generators.

It is very difficult to build large generators of the magneto strictive or piezo-electric type, and so for
industrial applications many small units would have to be operated side to side. This is cumbersome
and expensive and in order to obtain high power generators S.S. developed the ultrasonic whistle,
which proved valuable for making emulsions.

The general design of all of these is based on a Galton whistle, but operated with a liquid instead
of a gas.

Fig. 10 shows a simple type of Galton whistle, consisting of a tube (1) with a hole (2) having a sharp
lip (5). The air stream passes through the narrow slit (6) impinging on the lip which oscillates. The
air column (7) will oscillate in resonance if the plug (4) is suitably adjusted.

Exactly the same principle applies when liquid is substituted for a gas. However, S.S. preferred to
use a slightly modified design shown in Fig. 11. Here the liquid is forced through a very narrow
circular orifice (6) formed by the plug (10), held in position by vanes (11) and impinges on a circular

lip (5). [...]

A performance result of a whistle of the last type was quoted. The whistle used had an overall length
of 15-20 cms. and 50 litres of emulsion were prepared in a few seconds. The pressure at which the
liquid was expelled through the whistle was thought to have been between 10 and 20 atmospheres.
The distance between orifice and lip was approximately 1 cm. and the frequency produced about
15 k.c.

These were the only quantitative data which the S.S. personnel interviewed could remember.

II. APPLICATIONS OF ULTRASONICS.

(a) General.

[...] S.S. were not primarily interested in finding applications for ultrasonics. Their interest lay in
developing methods of production, and they preferred to carry out joint researchers with prospective
users. Occasionally they even made available equipment to firms who did not disclose what they
intended to do with it. [...]
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(c¢) Emulsification.

The most common use for ultrasonics is the formation of emulsions or dispersion in liquids. [...]
From an experimental point of view, piezo-electric generators were convenient, since the material to
be irradiated need only be placed in a beaker and held in the oil fountain. A number of generators
of this type illustrated in Fig. 9 were sold for this purpose.

In Professor Hertz’s laboratory magneto striction oscillators were developed, and Drs. Schofer and
Barwich studied the mechanism of emulsion formation. This was caused, not by the sound waves
themselves, but by the cavitation effects produced in the liquid. The breaking up of the droplets
occurred entirely in the zones of cavitation. This is not a new observation but appears to have been
very thoroughly substantiated at S.S.

It is very advantageous to produce a course dispersion before breaking up to emulsion size. This
was done by low frequency agitation (at 100 cycles per sec.) with the aid of an electro-magnetic
feed with waves 50 cycle A.C. [...]

(d) Disinfection.

Ultrasonics were tried for the disinfection of water, milk and other liquids. Definite effects were
observed but they were not striking and work was discontinued in favour of promising methods, but
it was hoped to re-examine this question later. It was found that some non-pathogenic organisms,
such as Blacillus]. coli, were destroyed most effectively, but the radiations had much less effect on
cocci. [...]

(g) Soldering.

It is well known that the presence of an oxide layer on the surfaces of metals to be soldered prevents
a firm joint from being formed. Normally the oxide layer is removed with a suitable flux. [...] S.S.
discovered that if the molten solder when in contact with the metal is in ultrasonic vibrations then
a good join is produced without the necessity for any flux. The vibrations break up the oxide layer
and expose the metal to the solder in which the former remains dispersed without impairing the
strength of the join. [..]

S.S. had intended in 1941 to use several hundred of these ultrasonic soldering irons in their valve
factories, but urgent war requirements prevented more than a few from being built.

(h) Welding.

Ultrasonics were applied to electrical welding but proved of doubtful value. [...] If the two electrodes
are set into vibration whilst the welding current is heating and melting the point at which the metals
are to be joined, an improvement of the crystal structure of the weld is obtained. Yet in spite of a
considerable decrease in the grain size the joint is not appreciably strengthened.

Vibrations of lower frequencies were examined and it was found that the lower the frequency the
stronger the joint. A single blow during the welding produced the strongest joint. However, only
high frequency oscillations produced the improved crystal structure at the weld.
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Figure C.106: Ultrasonic sonicator [BIOS 1504].
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Figure C.107: Ultrasonic sonicator [BIOS 1504].
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Figure C.108: Ultrasonic sonicators [BIOS 1504].
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Figure C.109: Ultrasonic sonicators [BIOS 1504].
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BIOS 1688. Radiological Activities in Germany. p. 11.

4. Ultra-sonic Methods of Testing

The R.R.S. was alive to the possibility of applying ultra-sonics but had only used the method for
the detection of laminations. It appears that 4 sets had been constructed using transmitted sonic
energy and they had all been destroyed by bombing. The output was 30 watts at a frequency of
one megacycle.

BIOS 609. Non-destructive Testing of Materials. pp. 2—3.

[...] Details of the detector used were obtained partly from Professor Trendelburg but chiefly from
Dr. Pohlman at Erlangen. [...]

A schematic diagram of one form of the apparatus used is shown in Fig. 1. (A photograph of
this apparatus was seen.) The high frequency source is the usual quartz crystal, oscillating at a
frequency of about 1.6 MHz. It is coupled to the “work” by mercury, oil or vaseline. The detecting
and observing unit consists of a tubular housing, full of xylene, which contains the detector cell, a
semi-transparent mirror and an ordinary optical lens. The housing is closed at one end by a sonic
lens of aluminium and at the other end by a viewing screen. A lateral branch of the housing encloses
a lamp for illumination of the cell.

The velocity of sound in aluminium is nearly four times its velocity in xylene and so a sonic beam
passing from aluminium into xylene, by way of a surface, which is concave with respect to the
aluminium, is converged. The pattern formed in the cell is thus a reduced image of the beam as it
passes (and is modified by any flaws) through the work. To observe this pattern an image of the
cell is projected optically on the viewing screen. The scheme is sufficiently indicated in Fig. 1.

Photographs were seen of a considerable number of cell patterns obtained on examining such sub-
jects as steel containing hair cracks, laminated strip, spot welds, light alloy bars. The degree of
detail shown was far higher than I expected.

Considerable use is made of sonic lenses. One example is shown in Fig. 1. Commonly they are
constructed of two thin saucer shaped sheets of brass or aluminium fastened together in the form of
a double convex lens, the vessel so formed being filled with some convenient liquid such as carbon
tetrachloride. If this arrangement is immersed in xylene it acts as a converging lens (the velocity of
sound in xylene is 1.45 times its velocity in carbon tetrachloride). Diverging lenses may be made
on similar principles.

Obtaining efficient coupling between the oscillator and the work was made light of by Pohlman
who said there was rarely any difficulty, though each case had to be considered on its merits.
Considerable distances in liquid are often traversed by the sonic beam. Bromoform is a common
coupling liquid used.

The arrangement used for the examination of small shell blanks is indicated in Fig. 2. [...] The cell
pattern forms in 1 to 2 seconds. Inspection is carried out at the rate of 500 per hour. [...]

[See also BIOS 214 for a brief second-hand description of Pohlman’s ultrasound imager. The fol-
lowing document, BIOS 1679, gives a detailed description by Pohlman himself.|
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Figure C.110: Ultrasound imaging device [BIOS 609].
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BIOS 1679. Ultrasonic Material Testing and Other Applications. [Reports on 20 other
laboratories developing ultrasonic generators and applications of them, including many scientific
papers from those laboratories.]

[pp. 28-29:]

17. INTERROGATION OF DR. POHLMAN, SIEMENS REINIGER,
ERLANGEN, 11/4/46.

Material Testing by Ultrasonics.

Dr. Pohlman’s method was stated to give an actual picture of the faults in steel plates, and the
equipment was stated to give a discrimination down to 0.4 of a millimetre. [...]

One model of this equipment was used by the Deutsche Waffen und Munition Werke at Posen to
check the blanks for 20 mm. cannon shells at the rate of 600/hr. The apparatus was also used
to check spot welds, and a further apparatus was used by Junkers to check a main butt weld in
aircraft. Attached hereto is an account of his method written by Dr. Pohlman.

Unfortunately we were not able to check the claims made by Dr. Pohlman either as stated in the
above account or in his attached account. Dr. Pohlman claimed that all equipments had been taken
by the Russians, but Lt Cmdr. Goudge later informed us than an equipment of this type had been
evacuated by the Americans. [...]

Medical Uses of Ultrasonics.

Dr. Pohlman is at present employed in experiments with ultrasonic generators for therapeutical
purposes. These operated at 800 Kc/s and a power of about 1 watt/sq. cm. The application time
was usually about 10 minutes and they were used in attempts to relieve asthma, sinus troubles,
and rheumatism with some success.

[pp. 31-32:]

18.

IS IT POSSIBLE TO PRODUCE THERAPEUTIC EFFECTS BY MEANS OF ULTRASONICS?
by

DR. REIMAR POHLMAN. BERLIN.

Research has been pursued in many directions to determine the action and the effect of ultrasonics
on living organisms. The results have been found to be mostly destructive, but a large number of
phenomena remain unexplained. Micro-organisms were disrupted, red blood corpuscles expanded,
lost their colour, and finally broke down, fish and small animals were killed, and the virulence of
pathogenic organisms was enhanced or diminished according to the nature of the organism and the
conditions of the experiment.

The cause of these very diverse phenomena may be partly ascribed to the following processes. An
ultrasonic wave induces very violent dispersion of two media in one another owing to its high ac-
celeration factor (reaching 108 cm/sec.?). High intensities rupture the liquid, and lead to cavitation
and to a fairly strong de-aeration connected therewith. Several investigators have been able to
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show that this cavitation accounts for many of the biological effects of ultrasonics. Upon raising
the pressure i.e., reducing cavitation, the effects do not take place.

It is noteworthy that the phenomena mentioned occur practically exclusively at high intensities,
so that the idea could not altogether be rejected that other effects might take place at lower
intensities and possibly prove to be of a therapeutic nature. That theory received support from the
characteristic properties of ultrasonic waves. [...]

These facts left the possibility open that it might be possible to produce therapeutic effects by
means of ultrasonic radiation. Practical trials to discover and study these effects could only be
carried out on individuals. A large number of preliminary trials had, of course, to be carried out
and the limit of energy at which deleterious effects take place had to be determined in order to
prevent injury under all circumstances. It was further necessary to ascertain whether latent or
secondary lesions might not appear as sequelae of a larger number of normal exposures to the rays.
And thirdly. the question arose as to whether more than a negligible percentage of the rays would
reach the depth intended. Careful measurements showed that absorption of ultrasonics in human
tissues is comparatively slight, but that it practically corresponds to that of a highly absorbent
homogeneous liquid. As might be expected, absorption and hence the depth effect of ultrasonic
radiation depends on the wave length; and it was found that radiation at a frequency of 800 kc/sec.
drops by one half at a depth of 5 cm.

[pp. 35-38:]

19. MATERIAL TESTING BY ULTRASOUND IMAGE METHOD.
BY R. POHLMAN. ERLANGEN, 14/3/46.

[...] In this method the ultrasound radiated from a quartz crystal passes through the object to be
tested and is then by means of an ultrasound lens imaged on to an image converter. The image
converter makes visible the picture resulting from the flaws. [...]

Fig. 15 shows such photographs. At the top there is a model experiment in which two blocks of iron
were screwed together. The picture on the right was obtained by radiating at right angles to the
screw. One can see clearly the screw thread and the air gap which is between the milled surfaces
of the two metal blocks which are pressed together. |...]

Trials on patients were carried out with the cooperation of two physicians, R. Richter and E. Parow,
at the Martin-Luther-Hospital, Berlin. [...]

[p. 72:]

It was reported that Submarine Signals delivered an ultrasonic equipment to dairies for the purpose
of treating milk, and it is found that milk so treated can be more readily absorbed by some infants;
in some cases a litre of milk can be digested four times as fast after treatment, and in addition the
treatment kills bacteria.



3192 APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

Figure C.111: Ultrasound imaging device [BIOS 1679).



C.4. FOCUSED SOUND WAVES 3193

echie Fehier

Schallbilder
von fehlerhaften StumpfschweiBungen

FIG. 15

Figure C.112: Ultrasound imaging device [BIOS 1679).

[In addition to Reimar Pohlman, some other important German-speaking pioneers of ultrasound
imaging were:

e Karl Theodore Dussik (Austrian, 1908-1968) [www.ob-ultrasound.net/dussikbio.html]
e Theodor Hueter (German?, 1977-197?7) [www.ob-ultrasound.net/hueter.html]|
e Paul Kretz (German?, 1977-1977) [www.ob-ultrasound.net /kretztechnik.html]

e Heinrich Netheler (German?, 1977-1977) [www.ob-ultrasound.net/netheler.html]

As documented in BIOS 1504 and BIOS 1679, at least 22 different German and Austrian laboratories
were doing research on ultrasonic generators and applications during the war. Reports such as these,
as well as countless documents, hardware, and many of the scientists themselves were transferred to
the United States, United Kingdom, Soviet Union, and other countries after the war. Presumably
many postwar ultrasonic development programs in those countries could be traced back to the
German-speaking creators.]



3194 APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

CIOS XXXII-77 = NavTecMisEu 198-45. The Production of Intense Audio Sounds by
an Intermittent Flame.

SUMMARY

A project was sponsored by the Speer Ministry aimed at the production of a sound beam so
intense it would render troops unfit for combat at ranges up to 15 kilometers. This project, which
was pursued for two years, culminated in the development of an 800 cycle generator capable of
producing a sound pressure of 1,000 microbars 60 meters from the source. Although this was a very
loud source of sound, its effective range was found to be not over 100 meters. The details of the
generator, which was based on an intermittent flame principle, is of some scientific interest.

1. Introduction

The information contained in this report was obtained during an interrogation of Dr. Richard
Wallauschek who was a member of the Hochtal Laboratory at Lofer, Austria. This laboratory,
which has been in existence since 1943, was a pet project of Reichsminister Speer and was originally
known as Forschungsstelle-S. Major Barisani was director of the laboratory but during the closing
weeks of the war Dr. Zippermayr was made a co-director. The laboratory employed about fifty
people.

The development of intense sources of sound was the first major project assigned to the Hochtal
Laboratory. The project was based on ideas of Dr. Walkhoff who convinced the Speer Ministry
that enemy troops could be rendered unfit for combat by intense sound beams at ranges up to 15
to 20 kilometers. Dr. Wallauschek, formerly of Telefunken, was relieved from the Army to head to
the project. Realizing the absurdity of the basic assumption, he agreed only to develop the loudest
source of sound he could and make such tests as were required, a job he succeeded in extending
over a period of two years.

The source of sound, finally evolved, was based upon the well-known principle of the intermittent
flame. The frequency of the flame was controlled by a quarter wave-length resonant tube closely
coupled to the combustion chamber. The sound was formed into a beam by use of a parabolic
reflector. The best model built was capable of producing a sound pressure of 1000 microbars at 800
cps at a distance of 60 meters from the generator.

2. Description of the Apparatus

The apparatus is composed of two parts: a sound generator and a parabolic reflector. The external
appearance of the part is shown in Fig. la. An explanation of the operation of the sound generator
will be made with the help of the schematic diagram, Fig. 2a. It consists of a combustion chamber
and a resonant tube coupled together, plus a water jacket which surrounds the entire unit. The
combustion chamber is shown at the left end of Fig. 2a. Oxygen at a pressure of 6 atmospheres is
introduced into the combustion chamber through an axially located tube having a 6 mm orifice.
Methane is introduced at the same pressure through a second tube located near the side of the
chamber. This gas is made to pass through a set of vanes which causes it to assume a whirling
motion before it reaches the combustion region near the orifice of the oxygen tube. The arrangement
of the vanes is illustrated in Figure 2b.
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The rate of combustion is made to vary by the use of a quarter wave-length resonant tube acous-
tically coupled to the combustion chamber. The resonant tube has a small conical flare. The exact
rate of flare has no significant effect upon the action of the device as long as its valve is small. The
tube acts as if the right end is free and the left end blocked so that the fundamental resonance of the
pipe is such that its length is equal to a quarter of a wave-length. A standing wave within the pipe
produces fluctuations in pressure within the combustion chamber, which fluctuations will cause the
rate of combustion to vary at the same frequency. The periodic release of thermal energy serves to
maintain the system in oscillation. In order to increase the thermo-dynamical efficiency of the unit,
both the combustion chamber and the resonant tube are surrounded by a pocket through which
water is circulated, thus cooling the combustion products as they pass through the combustion
chamber.

An approximate equal-pressure contour of the sound field produced by the generator above is shown
in Figure 3. It is obvious that most of the sound is propagated radially from the sound generator,
that is to say, a “disk” of sound is produced. The absence of propagation in the axial direction is
caused by the well-known phenomenon of the scattering of sound by hot columns of gases.

The purpose of the original project was to produce a beam of sound—not a “disk” of sound. In
order to produce a beam, the sound generator is mounted along the axis of a parabolic mirror with
the open end of the resonant tube located in the focal plane. When so mounted, the contour of
the sound field is changed from the disk of Figure 3 to the conical beam of Figure 4. This beam
is neither narrow (as shown by the 30° spread between the first minima) nor highly directive (as
shown by the 3 to 1 ratio of amplitudes between the main beam and the first side lobe).

Several models using the above principles were constructed which varied in operating frequency
from 400 to 1000 cps. The most powerful unit built operated at 800 cps and used the larger
of the parabolic mirrors shown in Figure 1b, the diameter of which was 320 cm. This unit was
able to produce a pressure of 1000 microbars on the axis of the main beam 60 meters from the
generator. The development thus culminated in a powerful source of sound radiating over 100 watts
of acoustical energy.

Remarks

The device failed in its original objective, as might have been expected, for it was concluded that
it would be of no military value at ranges greater than 100 meters. The project is of importance
because it furnishes concrete evidence of the failure of an idea after proposed as a military weapon.
Furthermore, this method of producing intense audio frequency sounds in air may be of some
scientific interest.

Prepared by:
H. M. TRENT,

Technician.
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Figure C.113: Prototype acoustic weapon [CIOS XXXII-77].
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Figuro 1b

Parabolic Roflectors for Sound Generatar

Figure C.114: Prototype acoustic weapon [CIOS XXXII-77].



3198 APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

w&.fer
}
b D

Oxygen | "
4_,._._ﬂ_?®i—. 4 g g S T

T;————e o, H \I :

\I il
v’i water

Sechematic Diagram 0f Sound Generator
Fllsur'e 2,3.

Sch&nwa__‘fn'c Arrw_njt.meu‘f' of lf/d.r;res
ngurc. 2 b

Figure C.115: Prototype acoustic weapon [CIOS XXXII-77].
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Figure C.116: Prototype acoustic weapon [CIOS XXXII-77].
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Figure C.117: Prototype acoustic weapon [CIOS XXXII-77].
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Sound Waves Kill in Tests by Army. New York Times. 30 November 1947 p. 14.

Sound Waves Kill in Tests by Army
Inaudible to Humans, They Fell Mice and Other Pests and Burn Experimenters

WASHINGTON, Nov. 29.—The discovery of sound waves which produce such intense heat that
they are lethal to mice and small insects was announced today by the Army.

In tests for the Signal Corps at Penn State College white mice died one minute after exposure to
the ultra-sonic waves, which are of such high pitch that they are inaudible to human ears.

Other experiments were performed on the common roach, firebrats, yellow-fever mosquitoes, blow
flies, meal worms and caterpillars, and in each case death resulted from the waves’ radiation.

Extensive possibilities for pest control were suggested by the experiments, but there was no indi-
cation that the discoveries might lead to the use of sound waves as a war weapon.

Nevertheless, it was pointed out that scientists at work on the supersonic project found it difficult
to put objects into the sound field or retrieve them without burning their fingers and hands.

They did not expose themselves to the direct beam and wore ear plugs, but even then it was difficult
for them to avoid exposure to the radiated sound. Effects ran from loss of a sense of equilibrium to
dizziness.

“Supersonics, the science dealing with waves similar to ordinary sound waves but above the audible
range, is not expected to serve any immediate domestic uses but offers promise in finding and
developing more interesting uses which may be applied to industry,” the Army said.

In previous experiments the high-frequency waves have been found useful in detecting defects in
metal castings and other materials. They have also be used in emulsifying or colloidizing liquids by
dispersion, as is done in producing homogenized milk.

“Experts in the study of supersonics feel that the principle has many unknown qualities that no
doubt will be brought out through continued research,” the Army explained.

Headquarters for the work are at the Evans Signal Laboratory, Belmar, N. J., and at Penn State
College.

[This “new discovery” by the U.S. Army appears to have been directly borrowed from the earlier
German and Austrian work, such as that reported in BIOS 1504 and BIOS 1679, down to the
specific descriptions of the experiments and their effects and applications. In English at that time,
“supersonic” (generally used to describe objects moving faster than the speed of sound) was some-
times used to mean “ultrasonic” (sound frequencies higher than the human ear can detect); this
article used both terms. Evans Signal Laboratory was part of the larger Army electronics research
complex at Fort Monmouth, New Jersey [Fort Monmouth Historical Office 2008]. It participated
in many wartime and postwar missions analyzing German science and technology, and it acquired
numerous German scientists and their technologies after the war.]
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[Richard Wallauschek’s acoustic weapon reported in CIOS XXXII-77 and other wartime acoustic
technologies were the forerunners of modern acoustic weapons such as LRAD (Long Range Acoustic
Device), shown in Fig. C.118. Even LRAD’s specifications are reminiscent of Wallauschek’s wartime
acoustic weapon. LRAD has a maximum continuous output of 153 dB at 1 meter, with a frequency
of 1 kHz and a beam width +15°.

Thus the wartime German work appears directly linked to modern applications of acoustics and
ultrasound for imaging, pest control, industry, weapons, etc.]
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Figure C.118: Modern LRAD (Long Range Acoustic Device) acoustic weapon used by the U.S.
Navy and other ships to deter pirates.
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C.5 Magnetic Levitation and Electromagnetic Railguns

[Another category of directed energy technologies covers devices that produce large amounts of
electromagnetic energy, but then transfer that to a physical object in the form of kinetic energy.
Both magnetic levitation systems and railguns employ strong electromagnetic fields and rails to
propel and guide an object. In magnetic levitation, such methods are used to support and propel
very large objects (such as trains) at relatively low speeds. In electromagnetic railguns, similar
methods are used to support and propel very small objects (projectiles) at extremely high speeds.
The following documents demonstrate that German-speaking scientists pioneered both of these
applications.|

Alfred Zehden. U.S. Patent 782,312. Electric Traction Apparatus. Filed 21 June 1902.

[...] Having thus described my invention, what I claim as new therein, and desire to secure by
Letters Patent of the United States of America, is—

1. The combination of a rail-like armature, a traveling field-magnet, and means for neutralizing the
magnetic attraction of the latter, substantially as set forth.

2. The combination of a plurality of rail-like armatures, and a plurality of traveling field-magnets
arranged to act thereon in opposite directions, substantially as set forth.

3. The combination of a rail-like armature located between the rails, and a traveling field-magnet,
said armature being located between the poles of said magnet, so that by the cooperation of these
parts the carriage is not only moved forward, but also its weight, namely wheel-pressure, diminished,
substantially as set forth.

4. The combination of a rail-like armature provided with openings, and a traveling field-magnet
arranged in juxtaposition to said armature, substantially as set forth.

5. The combination of a rail-like armature provided with openings of different breadths, a traveling
field-magnet, and means for neutralizing the magnetic attraction of said magnet, substantially as
set forth.

6. The combination of a rail-like armature, a traveling field-magnet movable transversely to said
armature, means for neutralizing the magnetic attraction of said magnet, and means for guiding
said magnet out of contact with said armature, substantially as set forth.

7. The combination of a rail-like armature, reinforced at its outer sides at curves, a traveling field-
magnet, and means for neutralizing the magnetic attraction of said magnet, substantially as set
forth.

[Alfred Zehden (German, 1876-1977) appears to have been the first scientist or engineer to seriously
design magnetically levitated trains. The patent cited above is reproduced in full on the following
pages. Zehden filed very similar patents on magnetically levitated trains in several countries at
the same time. It is not clear how far he actually got with corresponding experiments for this
technology.|
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No. 782,312. PATENTED FEB. 14, 1905.
A. ZEHDEN.

ELECTRIC TRACTION APPARATUS.
APPLIOATION FILED JUNE 3}, 1802,

4 SHEETE—BHEET 1.

o e Fig.5.

J
e 4w | |0B000D0000(

WITNESSES ;

& Crsti g - % @; :

ATTORNEYS.

Q.S)_‘

Figure C.119: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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No. 782,312 PATENTED FEB.-14, 1905.
A. ZEHDEN.
ELECTRIC TRACTION APPARATUS.

APPLICATION FILED JUNE 21, 1802,
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Figure C.120: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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No. 782,312, PATENTED FEB. 14, 1005.
A. ZEHDEN.
ELECTRIC TRACTION APPARATUS.

APPLICATION FILED JUNEL 21, 1902.
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ATTORNEYS.

Figure C.121: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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No. 782,312. PATENTED FEB. 14, 1905,
A. ZEHDEN.
ELECTRIC TRACTION APPARATUS,
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4 BHEETS—SHEET 4.

Hig. 40, Frg.11.
9, J A &
2 — )
s T4 Tealal
f{ A { r2Le
= q S

INVENTOR

Mpeds Fekclone

5/@ éiné .
ATTORNEYS.

Figure C.122: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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Nu. 782,312,

Patented February 14, 1905,

Unrren States Patent Orricr,

ALFRED ZEHDEN. OF CHARLOTTENBURG, GERMANY.

ELECTRIC TRACTION APPARATUS.

SPECIFICATION forming part of Letters Patent No. 782,312, dated February 14, 1805,
Application filed June 21, 1902, Berial No, 112,716,

Tor el vl (8 oy eoteeri:

Be it known that 1, Avreep Zeunes, engi-
neer, a subject of the Enmperor of Germany,
and a resident of Charlottenburg, in the Prov-
ince of Brandenburg, Germany, have invented
certain new and aseful Improveents in Elee-
tric Traction Apparatus:; and I do hereby de-
clave the following to be a full, clear, and ex-
act deseription of the invention, sach as will
enable others skilled in the arvt to which it ap-
pertains to make and use the same, reference
being hasd to the accompanying drawings; and
to letters of reference marked thercon, which
form a part of this specitieation,

My invention relates to the fact that instead
ofn rotary ficld, such ns is common in poly-
phase apparatus for translating electrical mto
mechanical energy, and vice versa, a traveling
tield /..., aficld moving on a line other than
aciveular line  would result if, as one might
bmagine, a rotary fickd-motor were opened out
and were made infinttely large, and in accord-

ance therewith uny prejudicial one-sided at-

“traction that otherwise might oceur between

 theinducing and the induced parts is obviated,

or the attraction is turned to account hy an

cappropriate arrangement of the said parts

3o

35

40

45

da

which avoids their too close juxtaposition, so
that actual mechanieal contact is avoided and
starting is rendered casy without too large a
current, even should a so-called **short-cir-
cuit” armature he used.

Figure 1 of the accompanying drawings is
a dingram illustrating a sinple apparatus in
which is exemiplitied the fundamental idea un-
derlying the invention. Fig. 2 illustrates a
modification; Fig. 3, a view taken at right
angles to Fig, 2. Fig. 4 shows a further modi-
fication. Kig. 5 is an clevation of the induced
put shown in Fig. 4. Fig. 6 is a sectional
view showing the inducing and induced parts
shownin Fig. 4. Figs. 7,8, and 9 show third,
fourth, and fifth modifications. Fig. 10 is a
side clevation of a traveling field-magnet, to-
gether with its rail-like armature.  Fig. 11is
u front or end view of such magnet and arma-
ture.  Figs. 12 and 13 show a partially-wound
vail, respectively from the side and top.
IMig. 14 shows the rail, the magnet, the mag-

“t-alancing device, and the rail between

i

them: and Fig, 15 is a diagram of the elec-
trical connections.  Fig. 16 illustrates the ap-
plication of the jnvention to an elevator.
The example illustrates the conversion of
three-phase rotary field-motors into poly phase
motors having traveling felds and, with the
exception of that shown in Fig. 8, in relation
totheir use in electric-railway propulsion; but
it must bé understood that the invention would
embrace the use of single-phase and poly phase
motors that can be similarly converted into
nmotors having traveling fields, whether em-
ployed for railway traction or for other mo-
tive pupposes—for example, for actuating
crunes, differential pulleys: lifts, and the re-
ciprocating partsof machine-tools. Insucha

i polyphase motor having the magnetically-re-

acting parts of infinite length a section of the
same might comprise a laminated body of iron
with triphase windings thercon and an arma-
ture of any desired length located thereunder.
Such a device is illustrated in Fig. 1, in which
the laminated magnet-body ¢, with the triphase
winding 4 ¢, is located at a certain distance
{indicated by lines and arrows at ) above the
armature, which to form an equivalenk to the
copper windings and iron core of a short-cir-
cuit armature may comprise a brass strip g
and an iron strip £ The triphase windings
when excited produce three magnetic effects
that combine to produce on resultant field
whose maximum and zero va 1e$ in the mag-
netic niass alternate at a rate corresponding to
the periodicity of the currentsupplied,sothata
traveling field is produced whose.rateof prog-
ress is the prodnet of the pole length and the
periodicity of the current. By reason of the
traveling of the field, currents are induced in
the armature, and there is thus produced a
mutual reaction resulting in a force tending to
move the armature in the direction shown by
arrow ¢ or by reversing two phases of cirrent,
in the direction of thearrow . 1f, as thisin-
vention provides, such a magnet ¢ (having its
winding connected in parallel, in series, or in
groups) be suspended under any vehicle—as,
for instance, a railway-carriage-—-and for use
overa continuous ixed armature, then sucha
vehicle possesses in contrudistinetion to other

power-operated vehicles the advantage thata roo

55,
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Figure C.123: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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Figure C.124: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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o

certain part of the weight sometimes added v !
produce adhesion or stability may be is-
pensed with, #s there exists between the ming-
net and the armature a strong force ol at-
traction which is equal toa stopping or over-
loading of the vehicle.  When it is desirved to
prevent this one-sided attraction between the
magnet and the armature, a construction ac- |
cording to this invention is adopted inwhich
an aramture-strip is preferably placed edge
apward, and this arrangement obviates the .
costly provision of hoth a non-magnetic and
a magnetic armatwre-vadl, there being used
either a single rail of pon-magnetic material,
such asbrass. or of nmgnetic material—forex-
ample, steel or tron.

When a non-magnetic armature-rail isused,
there is adapted to move along one side there-

cof a magnet and along the other side a mass |
\

of laminated iron which is rigidly connected
to the nagnet and provides magnetic con-
duction for the lines of force from the mag-
net. The non-magnetic rail ¢, Figs. 2 and 3,
is thus located in the middle and between the
laminated poles ¢ of the magnet and the lami-
nated iron mass /., both of which, by means
of insulating-stays /4, may be fixed beneath
the body of a vehicle ov on the frame thereof,
being also maintained theréby at the desired
distance apart.

When a magnetic armaturc-rail is used, s
magnet is disposed at each side of the rail,
Figs. 4 and 6, the rail 7, of solid ivon, being
located between two laminated magnets «
The shape of the magnets and the way in |
which they are wound may therefore he of |
varied descriptions, as in polyphase-cuarrent
dynamo-machines. Itwill, forinstance,bescen |
that while in the example illustrated in Ifig.
1 each phase-winding tills up two grooves the
winding according to Fig.-4 is distributed
over three grooves. The construction of the
rail forming the short-circuit armature can
also be very varied. An advantageous form
is made with regular punched holes, Kig. 5,

- and corresponds to the grid-typo ol armature.

|
|
A great saving in weight and a satisfactory |
utilization of the induced currents is hereby |
ohtained, because these currents cannot then ‘
proeeced in an improper short circuit.  The
reduction of ¢ross-section must he made only ‘
to such an extent that the rail between stop-
ping-places has not less than the conduction I
corresponding to the caleulated minimum. At |
the starting-places, on the contrary, the holes !
will be made broader, so that the rvesistance of |
the longitudinal unit is greater there than be- !
tween stopping-places, and hence starting can |
be effected with less consumption of current.
For strengthening the induced currents the !
armature-rail may, for instance, on sharp up-
ward gradients he provided with a short-cir-
cuit winding.
Figs. 12 and 13 show a partially-wound rail, |
respectively from the side and top. In case |

782,312

the windings protruded beyond the plane of
the armature the distance between the, pole
and the rail would of necessity be made cor-
respondingly greater, and in such case the
motor would operate at o proportionate dis-
advantage for the whole of the exposed {not
wound) portion of the streteh.  For this rea-
son the windings » as shown in these figures

Catre located in vertically-arranged grooves in

the armatnre £, so that when uncovered this
appears provided with ribs «.  The cross-sec-
tion of the winding-wire and also the method
of winding, whether the individual coils are
short-civenited or switched in partly in series,
is regulated in any special case by the neces-

Csary electrical resistance.

Both in the modification according to Fig.

-2 qil in that according to Fig. 4 some device

may be necessary to prevent mechanical con-
tact between the armature-rail and the mag-
net during laterval oscillations of a vehicle
upon which the magnet may be mounted.
For this purpose the magnet may, according
to this invention, be suspended in such a way
that movement of the magnet at right angles
to the direction of the rails can take place.
This may be effected, for instance, by rods e,
carrying the magnet and supported by an
axis v, contained in a guide-frame p, so as to
have some play for lateral movement, Fig. 6,
there being in one or more of the pole-pieces
of each magnet a small guide-wheel /, which
projeets slightly, but ordinarily does not
comeinto contact with the rail, although upon
considerable lateral oscillations of the vehicle
it may do so and prevent the magnet-poles
from striking against the rail. In Fig. 10 is
shown a traveling field-magnet guided in this
manner, as seen from the side, and in Fig. 11
as scen from the front., The magnet-pole ¢,
which is laterally shiftableowing to the hanger
#¢, by which itiscarried, supports, by meansof
a forked hanger g, a roller », rotuting upon
its axis » a short distance removed from the

| armature .  Upon sidewise swinging of the |

car these rollers prevent contact of the rail
with the poles in the same manner as the
small wheels 7 in Fig. 4. For convenience at
the right-hand side of Fig. 11 the roller s,
with its carrier g, is removed, and the pole is
thercfore there seen in full.  Instead of the
small wheel a roller or a bell-shaped guide
fixed to an external face of the magnet can be
used.  Instead of arranging the magnet in
this or in a similar manner, so as to be mov-
able, it can be simply suspended like a pen-

dulum in order to obtain a similar effect.

This idea is likewise tllustrated in Fig. 6, al-
ready deseribed, only ¢ is now constructed as
» hearing in which theshaft £rests.  Fromthis
the hanger w is carried and is movable there-
an and again carvies the poles v The poles

! hang pendent under the carriage and are them-

selves, by means of the separating or guide
rollers /. retained, even under a strong side-
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wise swinging of the ear, at sodelinite distance
from the ruil 72

This invention 1= particularly applicable to
the propulsion of rcailway - vehicles on the
monorail system, hecause the track can be
constructed in sueh a way that the earvying-
rail also forms the avmature for the traveling
field-motor.  The cost of an extra avmature-
rail is thus saved, Ty such a railway plant
there are nsually provided guides to preveat
too great lateral motion of the vehicle, so
that the weans Licreinhefore deseribed for

minintaining o suflicient distuanee hetween the !
cases

mugnet-poles ansd the railway in some
may be dispensed with, There exists, as
stated in detail in the beginning of the speci-
ficution, bhetween pole and rail a strong at-
traebve magnetic pover, which operates in-

Jurionsly and wilnelois overcome tivough the

sarvangement of twe pesles at the same dis-
tatice al both =ide<of the rail.  Asthe right-
hasd pole o has the offect Lo deaw the ear to
tie fete and the left in veturn to the right,
hoth astraetive Torces are nealvalized,
cise, on e other hand the vl 2 3= at the
point e nearver than the beft the magnetie

foreesare ot both neatralized, hut ancatiraet- |

we Toree to the lelt resalis, Assuming that
7 Fies T shows a section of b s earve
sult of the so-called “eentrifugal loree ™ will
move tingentinlly
to the rail  toward the vighty whicl, will fie
vesisted Dy g agnetic sttraction (o the
lefe. The I
more carient does it consume, <o that s the
centrifugal foree is as the square of the speed
and the ningnetic attraction as the squaee of
the current it ix possible o uniforly hal-
anee the contrifugal foree at all specds, vither
i definite part or canpletely,
the magnetic power.,  Fig, 1 shows (wo
imethods by which this may be aeconplished,
either that the eatlh on thie corve i< not Taid
exactly between ith |m|t-~ Pt as bied o shient
distance nearver the outer pole, or that the
outer sile of the ralis thickened by a picee e,
The eareying-rail £, Figo 7, adong hotli sides
of which the muagnets « move, cat e rein-
foreed upon the outer side of the curve, so as
to obtain a magnetic attraction that witl tend
to counteract cenbrifugal foree, mixl that toa
greater extent the more energy is hww \jil'hh
upon the propulsion of the train.
Instead of loeating magnet-poles on hui,h
sides of an armature-

taenet or magnets having poles facing inop- ¢
posite directions toward  two armature-rails,
ws shown dingruamatically in Fige.
e of a ift, so that each of the two magnets
e will net inductively upon ouw of the eails £
The magnets need not he attached to the lift-

enredirectly, but might he attached to the ca- |

bles thereof, aiud could in this case conven-

the e ansd the pole a=a re-

that i~ to ~ay. in velation”

Faster the ear travels soamuch the

I means of -

rail the one-sided mag-
netie stress can also be obviated by using a

8, in the :

8

iently be madeof sucn a size that they would
serve as counterweights to the cage, or since
movement of the lift depends upon relative
movement between the magnets and the arma-
ture of the motor the armature-rail could be
fixed tu the lift-cage or serve as a counter-
weight or counterweights therefor and the
magnets or magnet lle stationary.
I several of the arrangements hereinbefore
deseribad the invention provides for preven-
tion of one-sided magnetic attraction by using
two opposed magnetie forees; hut in some in-
stances, as when using magnetic attraction to
increase adhiesion or stability, the effect is
rendered nseful rather than prejudicial,  An-
v other manner of urilizing sueh unbalanced
< mngenelisn s the veverse of that just referred
1o und provides that the magnetic effect coun-
ternets instend of assists gravity, and hence
. reduces the effective weight of the load to be
carviel.  This deviee ean be used, for in-
! stunce, on railways of the so-ealled ' sus )t,l'l'
Pxion™ type by wtilizing the -girder #,
9, earried by the wain supports of - the nul-
Ly, a8 the armiature.  In this case the under
i surfaece and not the side of the rails serves as
the induction-face and for this reason is made
of appropriately large dimensions,  The inag-
Cnets - are fixed to thie vehicle- top divectly
ender the givder, and as soon as o polyphase
alternitting current is caused to pass through
it= windings it produces induced  magnetism
in the givder, and accordingly reduces the ef-
Efeetive weight of the vehiele by reason of the
supporting magnetic attraction, A guide for 100
preventing contact between the magnet- pules
and the srmature may be li|‘\[)LI'I'10\t with in
this arrangement.

‘I'he moxt importaut z»ccuharltws of the clec-
trical combinations of one of the po]cf-; with 105
the conductadry iy shown in Fig. 15, It isa
thive- pinnv-uu-‘rént arrangement. Frum the
high-tension condluctor X the carrent is con-
dueted Lo tlw c:n' by means of the conducting-
wires & 4747 UIL is in principle the same 170
whether the fccnl -wires are subterrancan or
above the car or at the side of the same.
Within the car the conduction may be carried

Dout by a cable /J In the circuit-according

Cto Fig. 15 are aveanged a three-pole, high-

tension safety-fuse A “and « three- poli’ !ngh-

tension cut-out switch B, The poles are se-

cured to the cable Z by means of clamps & #

, 4, so that the pulm have no miovable parts.
lhmr winding in Figs 15 is m.corﬂmlf to thc 120

scheme of Fig. 4, as this serves for series
winding. Itis usunlly not necessary to switth

Jstarter into the cireuit, as the alteratton of

' resistance necessary inthe second circuit for
starting is obtained by the increased openings 125

i of the armature-rail at the stations, as men-

D tioned eavlier in the=text., The starting is

i aceomplished in the simplést manner by clos-

ing of the wain switch.  For the few cases in

i which the individual trnins of u rapid-transit 132
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Figure C.125: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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Figure C.126: U.S. patent 782,312 on magnetically levitated trains, filed by Alfred Zehden in 1902.
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road must stop between stations, and must !
necessarily start again, where the armature
resistance is too smnall an induction starter
D is carried, which is commonly, by means
of the switeh E, switched out. When the
car must be started inan open streteh, switch
B is opened and E, on the contrary, closed,
until the train, through gradual incrense of
the pole-potential (tension) with aid of the
starter D, hasalmostattained itsnormalspeed.
B is then again closed, and E, which thereby
becomes almost without current, is again
switchedout. Of course the inductionstarter
D may be used at the same time in the well-
known manner as a transformer and the pole
¢ correspondingly serve for low tension.
Having thus deseribed my invention, what
I claim as new therein, and desire to secure by
Letters Patent of the United States of Amer-
ica, is— .
1. The combination of a rail-like armature,
a traveling field-magnet; and means for nea- |
tralizing the magnetic attraction of the latter,
substantially as set forth. |
]
I
|

2. The combination of a plurality of rail-
like armatures, antl a plurality of traveling
field-magnets arranged to act thercon in op-
posite directions, substantially as set forth.
3. The combination of a rail-like armature
lpcated between the rails, and a teaveling
tield-magnet, said armature being located be- |

“tween the poles of said magnet, so that hy |

782,312

the codperation of these parts the carringe is
not only moved forward, but also its weight;
namely wheel-pressure, diminished, substan-
tially as set forth.

4. The combination of a rail-like armature
provided with openings, and a traveling tield-
magnet arranged in juxtaposition to said ar-
mature, substantially as set forth.

5. The combination of a rail-like armature

- provided with openings of different breadths,

a traveling field-magnet, and means for neu-
tralizing the magnetic attraction of said mag-
net, substantially as set forth.

6. The combination of a rail-like armature,
atraveling ficld-magnet movabletransversely
to said armature, means for neutralizing the
magneticattraction of said magnet, and means
for guiding said magnet out of contact with
said armatbure, substantially as set forth.

7. The cormbination of arail-like armature,
reinforced at its outer sides at curves, a trav-
cling ficld-magnet, and means for neutraliz-
ing the magnetic attraction of said magnet,
substantially as set forth.

In testimony that 1 elaim the foregoing as
my invention I have signed my name in pres-
ence of two subseribing witnesses.

ALFRED ZEHDEN.

Witnesses:

Hexey Hasvwe,
Waorvkaar Hauvrr
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Hermann Kemper. Patent DE643316. Schwebebahn mit raederlosen Fahrzeugen, die
an eisernen Fahrschienen mittels magnetischer Felder schwebend entlang gefuehrt wer-
den. [Suspension Railway with Vehicles without Wheels, which Are Guided along Iron
Rails by Means of Magnetic Fields.] Filed 11 August 1934.

[...] PATENTANSPRUCH:

Schwebebahn mit réderlosen Fahrzeugen,
die an eisernen Fahrschienen mittels mag-
netischer, in zwischen den Schienen und an
den Fahrzeugen verteilt befestigten Elektro-
magneten erzeugter Felder schwebend entlang
gefiihrt werden, dadurch gekennzeichnet,
dal die Regelung der magnetischen Felder
durch Abstandssteuerorgane geschieht, die
an den Schwebewagen (3) gegeniiber den
Fiihrungsschienen (2) rédumlich nahe den von
ihnen zu steuernden Elektromagneten befestigt
sind. Die Abstandssteuerorgane (Abb. 4, 5 )
sind mechanisch unveranderliche, jedoch in
ihrem elektrischen Widerstand durch den Ab-
stand von den Schienen beeinflufite elektrische
oder magnetische Anordnungen (z. B. Konden-
satoren 8, 9 oder Drosselspulen 10, 11) und
werden in elektrische Stromkreise eingeschal-
tet, wobei sie an ihren Polen Spannungen
erzeugen, die sich mit dem Abstand von den
Fiihrungsschienen unverziiglich dndern. Diese
Spannungen werden, soweit erforderlich, in
ebenfalls tragheitsarmen Schaltungen verstéarkt
und, gegebenenfalls gleichgerichtet, elektrischen
Rohren zu deren Steuerung zugefithrt (Abb.
6). Der Sinn und die GroBe dieser Steuerspan-
nungen ist so zu wéahlen, dafl durch die von
den Rohren den Elektromagneten zugeleiteten
Strome magnetische Zugkrafte erzeugt werden,
die der Schwerkraft das Gleichgewicht halten,
wenn der Abstand der Fahrzeuge von den
Schienen das vorgeschriebene Mafl hat, die
dagegen die Schwerkraft iibersteigen, wenn der
Abstand zu grofi wird, sie endlich unterschre-
iten, wenn der Abstand unter das Sollmaf
herabsinkt.

[.] PATENT CLAIM:

Suspension railway with wheelless vehicles
which are guided along iron rails in a floating
manner by means of magnetic fields gener-
ated in electromagnets fixed in a distributed
manner between the rails and on the vehi-
cles, characterized in that the magnetic fields
are controlled by distance control elements
which are fixed to the suspension wagons (3)
relative to the guide rails (2) spatially close
to the electromagnets to be controlled by
them. The distance control devices (Figs. 4, 5)
are electrical or magnetic arrangements (e.g.
capacitors 8, 9 or generators 10, 11) which
are mechanically fixed but whose electrical
resistance is influenced by the distance from the
rails, and are connected to electrical circuits,
generating voltages at their poles which change
immediately with the distance from the guide
rails. If necessary, these voltages are amplified
in circuits with low inertia and, if necessary
in the same direction, supplied to electrical
tubes for their control (Fig. 6). The sense and
magnitude of these control voltages shall be
such that the currents supplied by the tubes to
the electromagnets generate magnetic tractive
forces which maintain the equilibrium of gravity
when the distance of the vehicles from the rails
is greater than the prescribed value but which
exceed gravity when the distance becomes too
great and finally fall below it when the distance
falls below the required value.

[Hermann Kemper (German, 1892-1977) built on Alfred Zehden’s earlier work on magnetic levita-
tion for trains. His complete patent is reproduced on the following pages. It is not clear how far
Kemper got with corresponding experiments for this technology.]
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18 MEI 1937

5. APRIL 1937

REICHSPATENTAMT

PATENTSCHRIFT

M 643316
KLASSE 20k GRUPPE 3

K rz0005 17 20
Tur der Belenutmachune iiber dic Ertcilung des Puatents: 18 Mirz 1937

Dipl.-Ing. Hermann Kemper in Nortrup

Schwebebahn mit riderlosen Fahrzeugen, die an eisernen Fahrschienen
mittels magnetischer Felder schwebend entlang gefihrt werden

["atentiert im Deutschen Reiche vom 11, Avgust 1934 ab

Dic Erfindung list die Aufgabe. Korper | Es erscheint dies auch kaum moglich. Der
mit  Hilfe clektromagnetischer  Krifte ent- | Losungsversuch, durch Erzenguny magnetisch 33
aeaen der Erdschwerkratt in der Schwebe zu ! abstotiender Krafte griBere Fahrzeuge im
dalten. Sie bringt weiter unter Anwendung | Schweben zu erhalten, mull an dem dafiir er-
der sefundenen Losung die Grundlagen fiir | forderlichen Aufwand scheitern: dieser ist der
vin neuartiges Verkehrsmitrel, die Schwebe- | Nawr der Dinge entsprechend um ein Mehr-
balmn. Dic Schwebebahn ist eine Schicnen- | faches grober als bei Verwendung magnetisch 4o
baln fiir Menschen- und Gurerbefrderung, ' anzichender Krifte. Verwender man hingegen
bei der dic raderlosen Fahrzeuge cisernen | lewtere, so erscheint der Gedanke undurch-

10 Schienen entlang schwebend gefiihrt werden. | fihrbar. eine geeignete Stromregelung durch

Es ist schon frither versucht worden. die | mechanische Vorrichtungen zu errcichen, weil

Aufgaben zu losen, dic cine Schwebebahn | sich hierfiir kaum praktisch brauchbare For- 45

stellt, Einmal soliten bei den bisher bekann- | men entwickeln lassen diirften, die gleich-

ten Anordnungen dazu die abstolienden Krifte | seltig eine ausreichende Regelgeschwindigkeit

15 dicnen, die zwischen cinem Elektromagnet und | aufweisen. Die Beherrschung der Geschwin-
clektrischen Leitern auftreten, wenn das Feld | digkeit fiir die Stromregelung ist einwandfrei
des Magnets Anderungen unterworfen wird | nur moglich unter Verwendung der erst nach 5o
und dann Strome in den Leitern erregr. Zum | der Zeit der dlteren Erfindungen zur Ausbil-
anderenmal  sollten. genau wie bei der Er- | dung gelangren Mittel der Elektronentechnik.

20 tindung, dic magnetischen Zugkritte zwi- Korper mit elcktromagnetischen  Kriitten
schen Elektromagneten und eisernen Schie- | schwebend aunfzuhiingen, ist trotz des bisheri-
nen benutzt werden, Die zum Schweben er- | gen Standes der Technik eine in den Kreisen 55
forderliche Stromregelung solite bei derletzt- | der Technik und der Otfentlichkeit ganz un-
senannten bekannten Anordnung erreicht wer- | beachtete Aufgabe geblichen. Sie wird hier

25 «en durch Vorrichtungen. die. beeintludt vom | neu autgegritien.  Im vorlicgenden Patent
Abstand zwischen Fahrzeug und Schiene, me- | und den spiteren Zusatzerfindungen werden
chaniseh dic Stirke des die Elektromagneten | die Mittel und Wege zu ihrer befriedigenden 6o
durchilichienden  Stromes veriindern.  Es st | Losung und truchtbringenden Verwertung aut-
nicht bekanntgeworden, dald cine  Verwirk- | gezeigt.

30 lichung der élteren Erfindungsgedanken auch Die Erfindung geht, um zu eciner Strom-
mur in Versuchen gelungen ist, geschweige | steuerung zu kommen, die das Schweben ein-
deni dats eine Beforderungseinrichtung auf | wandirel enmoglicht, von Regelorganen, Ab- 63
Grund derselben jo ausgetihrt worden wire. ' standsstenerorganen, eigener Art aus, Die Ab-

(=1}

Figure C.127: German patent DE643316 on magnetically levitated trains, filed by Hermann Kemper
in 1934.



C.5. MAGNETIC LEVITATION AND ELECTROMAGNETIC RAILGUNS

1o

15

I
w

30

40

50

ho

ta

standssteuerorgane  sind mit den Scloavebe-
wagen fest verbundene Einrichtungen: sie wer
den nabe den Elckonomagneten, deren Steue-
rung sie dienen sollen, gegenuler den Fihe
rungsschicnen angebracht. Mechanisch sindd
e unveranderlich, jedoch dandern <sich b
clekmischen Flgenschatten mit der Grote
thres Abstandes von den Fuhrunzgsschicnen.
Werden solche Orzane in Swemkreise cinge-
~chalter, =o dndert sich deren elekirischer Zo-
stand mit der Anderung ihrer clektrischen
Figenschatten. Dies Litit sich nun miv Hilte
der heatizen Mittel der Elektronuntechnik zu
ciner zentzend righeitstreien S:eueruny tar
die Strome der Schwebewagenmagnete aus-
hilden.

Die Grundform der Schwelebahn wird niher
erlautert darch die Abb. 1 bhis 3, die eine
ciserne Fuhrungsschiene 2 und ein Fahrreug 3
in Quersehnirt «Abb, 1%, Seitenansicht ¢ Abb.2’
und Drautsicht +Abb. 31 andeuten, wobel in
der Darsteilung bel der letzten Abbildung die
Fahrungsschiene fortgelassen ist.

In diesen Abbildungen sind Kraftlinien 1
der Maguetfelder anzegeben, die die Zug-
krifte erzeugen, welche das Fahrzeug 3 der
Schwebebahn, den Schwebewagen, entgegen
der Schwerkratt in der Schwebe erhalien in
vinem passenden, innerhalb gewisser zulissi-
wer Grenzen schwankenden Abstand von der
oberhalb des Wagens gelegenen  Fuhrungs-
schivne 2. Die Magnetfelder werden von meh-
reren Elekromagneten 4. 5. 0, 7 erzengt, die
oben an dem Fahrzeug befestgt und tber
svine ganze Linge gestreckt sind. Die Pole
der Magnete und die tortlaufende ciscrne
Filirungsschiene entsprechen einander inihren
Abmessungen. Eine Unterteilung der magne-
ischen Krafte durch Anbringung mehrerer
vinzelner Elektromagnete und deren Vertei-
inng auf verschicdenen Stellen des Schwebe-
wagens, wie sie in geeigneter Austuhrungs-
moglichkeit in Abb. 3. 4. 3. 6. 7 angegeben
ist. ist erforderlich, wn jewells die richtige
Lage des Schwebewagens zu den Fithrungs-
schienen und cin einwandireies Schweben
wzewihrleisten. Die Stromstarken sind fiir die
cinzelnen Elektromagnete gesondert zu regeln,
worllr spiter gecignete Wege aufgereigt wer-
den.

Intolge der sehwebenden Authingung be-

notizen div Schwebewagen zur Fortbewegungz
keine Rider, Bs entfillt jede kérperliche
Beruhrungs ewischen dem Schwebewagen and
den Fanrmasselienon, [eor Fabrwiderstand
der roliciden Keibung, der oci der Eisen-
balm hinsichtlich Fabvrschienenabnmutoung und
Energieverbrauch eine erheblichie Rolle spicit
tadlt hier tort. Stait dessen ertordert ot der
Sehwebciahn der Sehwebevorgans elekirischs
o der Verbraueh hiertar -1 aher ins

643316

.

pesondere tur hobe Fahrzeschwindighkeiten bie-
dentend  zeringer als wnter gleichen Dedine
sungen der Energieverbraueh der Eisenbahn
tur dic Uberwindung der rollenden Reibungs
Aus dieser Sachlugze und den Pesonderen andes

i l;i'lll:tir';:;l sschatten dor Sehvebelahy er-
~roen sl
Fortsehriue:

ad Die Fahret aul der Sebwebebahn kann 70
sollkommen geriduschios und stentrel gestabet
werden,

b Die Fahrwiderstinde verrinzern sich {far
Gohe Fahrgeschwindizkeiten.

e Die Alnutzung der Schienen durels das 75
Detahren rille fort,

¢ Es sind Fahrgeschwindigkeiten cryeich-
Lar, div mehrfach so hoch sind als die, welche
muzn bel den Eisenbahnen heute kennt,

Abb. g und 5 geben Deispicie tur die Ab-
standssteucrorgane.  Abb. g deuwet cin Ab-
standssteverorzan an, dessen Kapazitit vom
Abstand zwischen Schwebewagen 3 und Fuh-
rungsschiene 2 abhangt. Es besteht aus zwed
isoliert am Schwebewagen hefestivten Platen 85
S.womit Stromzutubrungslcitungen. Ersicht-

b schiietst sich cin dielekurischer Verschie-
wsstrom zwischen den Platten bel gecig-
neter Formgebung in der Hauptsache uber
vas Metall der Schiene 2. Die Platten bilden 9o
a0 cinen  Nondensator,  dessen Kapasitiit
mit geringer werdendem Abstand. 2wischen
Schwebewazen und  Schiene  wichst, umye-
xchrr sich mindert. In Abho 3 ist das \Ab-
standssteuerorgan ein kleinerer. am Schwebe- 95
wagen 3 betestigter Elcktromagnet, bet dem
sich die scinen Kern 1o durchsezenden Kraf
linien in erster Linic Gber das Eisen der
Schicne 2 schiictien. Wird soleh ein Elckuro-
magznet mit seiner Wicklung 11 i cinen Strom-
hreis geschaltet, so stellt ¢r offenbar darin
cvine Induktivitit dar, deren Grotie mit An-
naherung des Schwebewagens an die "Fiih-
rungsschiene wichst, mit Entfernung sich je-
doch mindert.

Abb. 6 zeizt nun den grundsitzlichen Schal-
tunasauthau tir die Regelung der Stromstirke
n einem der Elekiromaznete, belspiclsweise g,
Es st als Abstandsstenerorzan 13 an einen
Kendensator nach Abb. g cedacht. Dieser
~ondensator ist mit cinem Widerstand 14 in
Reihe an cine konstante Wechselspannung 16
hoher Frequenz gelegt. Der Spannungsabiall
am Widerstnd 1 steizt nun mit Annahe-
rung des Schwebewagens an dic Sehiene und

~entache techniselu

foigende we
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100
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Spannung anodem Widerstand 1y wird durch
cime mit bekannten Mineln der Elekuronen-
stk autzubauctde Verstivker- und Gleich-
richteranordnung 13 verstarkt und zleichgze:
vichrer und dann sar Gittersteuerimg einer
Flauptrohre 12 vervwenidet, die so Lemiessen ist,

.
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Figure C.128: German patent DE643316 on magnetically levitated trains, filed by Hermann Kemper

in 1934.
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Figure C.129: German patent DE643316 on magnetically levitated trains, filed by Hermann Kemper

in 1934.
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dab sic geniigende Stromstirken fiir die Ver-
sorgung des Elektromagnets 1 bewiltigen
kann. Die Polaritit der verstirkten und
gleichgerichteten Steuerspanmung ist so zu
richten, dald ecin Anwachsen der Spannung
die  Stromstirke in der Hauptrohre 12
verkleinert und eine Minderung derselben sic
vergribert. Die Mittel, mit denen die elek-
trische Trigheit dieser Steuerungsschaltung
gentigend klein gehalten werden kann und die
in der richtigen Wahl der elektrischen Gro-
fien bestehen, sind bekannt. s 1Bt sich mit
ciner Abstandssteuereinrichtung nach den
Angaben der Abb. 6 erreichen, daBl sich die
Steuerspannung  der Rdohre praktisch stets
augenblicklich entsprechend dem Abstand des
Schwebewagens von der Fihrungsschiene ein-
stellt. Dic Anordnung, insbesonderc die Gitter-
vorspannung der Hauptrghre 12, ist so einzu-
stellen, dald dic Stromstirke zum Elcktro-
magnet } gerade dann cine der Schwerkraft
gleiche Zugkraft herstellt, wenn der Abstand
an dem Sitz des Abstandssteuerorgans 15 ge-
rade der gewiinschte ist. Andert sich der ADb-
stand, so libt sich durch passende Bemessung
der VerstirkungsgroBen erreichen, dafi der
Strom in der Hauptréhre starker wichst als
der Abstand bzw. starker abnimmt als der Ab-
stand. Damit wird die Zugkraft innerhalb von
Abstinden, die praktisch zwischen Hdochst-
schranken begrenzt zu denken sind, auf ho-
here Betriize gebracht als die Schwerkraft,
wenn der Abstand das Sollmal Gberschreitet,
dagegen unter die Schwerkraft verringert.
wenn der Abstand unter das Sollmal sinkt.
So wird der Wagen schwebend an die Fiih-
rungsschienen gebannt, gleichgiiltig  ob er
fihrt oder stillsteht. Der Strom in der Haupt-
rohre 12 und dem Magnet | mul3 dabei den
Anderungen der Steuerspannung mit gentigen-
der Schnelligkeit folgen. Dics zu erziclen,
steht als cine Moglichkeit zur Verfligung die
Uhersteucrung der Gitterspannung; es ist be-
kannt, daly die Stroménderungen in der Zeit-
cinheit um so grofer sind, je groBer die An-
derung der Steuerspannung ist. Iline weitere
Moglichkeit besteht darin, die Wirkwider-
stinde im Hauptstromkreis grol3 zu halten
gegenitber dem  induktiven ‘Widerstand  des
Magnets 3. Dies ist allerdings mit Energic-
verlusten verbunden.  Eine spitere Zusatz-
ertindung beseitigt diesen Nachteil durch cine
bessere Lisung.

Bei hochsten  Geschwindigkeiten, fiir die
dic Schwebebahn in erster Linie gedacht ist,
wiirde es fiir die Verringerung der Gesamt-
tahrwiderstinde keinen grofien Gewinn bedeu-
ten, wenn nur cine Vermeidung des Wider-
standes der rollenden Reibung erreicht wiirde,
da dann der Luftwiderstand der wichtigste
wird. Darum ist cin weiteres Mittel dies, dab

(T3

die  mit luftdichten Wagen ausgcestattete
Schwebebahn in dichte Rohren verlegt wird.
in denen die Luft ecine Verdiinnung erfahrt,
wodurch der Luftwiderstand weitgehend her-
abgesetzt werden kann. Durch Vereinigung
beider Mittel, der Schwebung und der Luft-
verdiinnung, lilt sich bei der Schwebebahn
der Fahrwiderstand selbst fiir héchste Ge-
schwindigkeiten ganz gering halten.

Fiir den Antrieb der Schwebewagen stchen
verschiedene, auch nichtelektrische Mdaglich-
keiten offen. Fiir einen clektromagnetischen
Antrieb lassen sich u.a. die Schwebewagen-
magnete selbst oder dhnliche, [iir diescn
Zweck eigens angebrachte Magnete, denen
dann zur Wirkung im Fahrgleis besondere
Schienen gegeniibergestellt werden, mit Vor-
teil verwenden. Die Magnete werden dazu
aufgeteilt in kleine Einzelmagnete und erhal-
ten eine mehrfache Wicklung nach Art von
Induktionsmotoren. Insbesondere kann man
Antriebsmagnete so ausbilden, dald in ihnen
wie in Drehstrommotoren ein Feld entsteht,
das sich, betrachtet von einem in dem
Schwebewagen mitfahrenden Beobachter, durch
die Antriebsmagnete hindurch entgegen der
Fahrtrichtung mit einer der Fahrgeschwindig-
keit gleichen Geschwindigkeit forthewegt, das
dagegen, von einem unbewegten Beobachter
aus geschen, in den Fahrschienen stillsteht
und sich nur cntsprechend der Fortbewegung
des Schwebewagens an dessen vorderer Spitze
aufbaut und an dessen hinterer Spitze abbaut.
Die Antriebsmagnete am Schwebewagen wiir-
den so im Vergleich mit einem Drehstrom-
Kurzschlulfankermotor dem Stdnder entspre-

“ chen, wihrend die Schienen die Aufgabe des

Kurzschlubilaufers hitten.
PATEXTANSPRUCH

Schwebebahn mit riderlosen Fahrzeu-
gen, dic an eisernen Fahrschienen mittels
magnetischer, in zwischen den Schicnen
und an den Fahrzeugen verteilt befestig-
ten Elektromagneten erzeugter Felder
schwebend entlang  gefiihrt werden, da-
durch gekennzeichnet, dald die Regelung
der magnetischen Felder durch Abstands-
steuerorganc geschieht, dic an den Schwebe-
wagen (3) gegeniiber den Fihrungsschie-
nen (2) rdumlich nahe den von ihnen zu
steuernden Elektromagneten befestigt sind.
Die Abstandssteucrorgane (Abb. 4. 5) sind
mechdnisch  unveriinderliche.  jedoch in
ihrem clektrischen Widerstand durch den
Abstand von den  Schicnen  beeintlulite
clektrische oder magnetische Anordnungen
(7. B. Kondensatoren 8, 9 oder Drosselspu-
len 10, 11) und werden in elektrische Strom-
kreise eingeschaltet, wobei sie an ihren
Polen Spannungen erzeugen, die sich mit
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dem Abstand von den Fithrungsschienen |

unverziiglich dndern. Diese Spannungen
werden, soweit erforderlich, in cbenfalls

trigheitsarmen Schaltungen verstirkt und, |

zegebenenfalls gleichgerichtet, elektrischen
Rohren zu  deren Steuerung
{Abb. ). Der Sinn und die Grifle dieser
Steuerspannungen ist so zu wihlen, dal

durch die von den Rdéhren den Elektro- |

zugefithrt |

magneten zugeleiteten Stréme magnetische
Zugkrifte erzeugt werden, die der Schwer-
krait das Gleichgewicht halten. wenn der
Abstand der Fahrzeuge von den Schicnen
das vorgeschricbene Mal) hat, die dagegen
die Schwerkraft tibersteigen. wenn der Ab-
stand zu grolb wird, sie endlich unter-
schreiten, wenn der Abstand unter das
Sollmals herabsinkt.

Hierzu 1 Blatt Zeichnungen

10

15
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Figure C.130: German patent DE643316 on magnetically levitated trains, filed by Hermann Kemper

in 1934.
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Figure C.131: German patent DE643316 on magnetically levitated trains, filed by Hermann Kemper

in 1934.
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[Multiple groups of German-speaking scientists developed and demonstrated electromagnetic rail-
guns. The best-documented group was led by Joachim Héansler (German, 1977-1977), but there
were other groups as well. Manfred von Ardenne led a large program that was actually mass-
producing railguns for battlefield use. The following documents describe some of the wartime work
on railguns.]

CIOS XXXI-59. Gesellschaft fir Geratebau. pp. 3—4.

The above-named target, which was formerly post of the Heereswaffenamt in Berlin, is an exper-
imental station for the study of electrical means for accelerating projectiles. Although it has not
yet produced practical results (only laboratory tests have so far been made), the project merits the
attention of Army Ordnance.

Attempts to replace powder by electricity are not new. Many schemes were tried by this laboratory,
and the method developed during the last war by Fauchon-Villiplee was finally adopted. The great
difficulty is, of course, the developing of enough power to launch a projectile. It has been possible
here to accelerate a body weighing 12 g to 1100 m/sec. in a 2-meter tube, which corresponds to an
acceleration of about 30,000 times gravity. Coupling two such tubes was not very successful, 1200
m/sec. being obtained.

The projectile is accelerated by a “linear motor”, which consists in its simplest form of two conduc-
tors (parallel rails) across which the projectile completes the circuit by means of fins attached to
its rear. When current passes through the circuit, the projectile travels forward. The conventional
electromagnetic equations apply to the process.

The principle was demonstrated to me in a 50 cm. tube with the projectiles submitted with this
report. After firing, the edges of the copper fins are melted. The muzzle velocity in the demonstration
was low.

The difficulties in the way of a suitable power source are formidable. Lead-sulfuric acid storage
batteries with very thin plates are used for experimental work; 9000 kW is available from this
source. Condensers to give 2000 volts with 24,000 microfarads capacity are also installed.

The great advantages of the electrical scheme would be (1) gun barrel unnecessary (2) higher
velocity than is attainable with powder (3) higher efficiency than with powder (4) lower energy
cost than with powder.

Work was about to begin on a projectile 1 ¢cm. in diameter, weighing 60 or 70 grams. An A.A. gun
was planned (see the attached report), which would have required a maximum current of 1,500,000
amperes at 1300 volts to launch a 4 cm. projectile. The power was to be obtained from three
unipolar generators weighing 150 tons each.

Projectiles electrically launched would have to be fin-stabilized since they could not be rotated.
Fin-stabilization presupposes wind-tunnel work, which explains the close cooperation between this
target and the Peenemiinde wind tunnel personnel at Kochel.

[The remaining pages of CIOS XXXI-59 include an English translation of a few pages of Joachim
Hénsler’s theoretical calculations.]
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CIOS XXXI-84. German and Danish Industries. pp. 103—105

REPORT ON VISIT TO GESELLSCHAFT FUR GERATEBAU m.b.H.

AT KLAIS NEAR MITTENWALD

The above firm moved from Berlin in April 1944, and succeeded in establishing itself, with all of its
equipment, in a house near Mittenwald. The entire staff (of 30 people) was brought from Berlin.

The object of the undertaking was the development of a high velocity electro-magnetic gun. Dr.
Hansler, head of the firm, was interviewed. It is understood that Wing Commander Day, RAF,
team leader of CIOS trip No. 415, had visited the firm on the 13th June, 1945, and took copies of
two reports, giving an account of theory of operation of the gun, and of experiments carried out
between the 4th September 1944, and the 31st May 1945. We also took copies of these reports.

Dr. Hénsler began by giving reasons why the development of a high velocity electro-magnetic gun
was desirable. Theoretical calculations, supported by practical evidence, had led to the surprising
conclusion that the charge of hitting with a heavy A.A. gun (e.g. 88 mm) was greater with a direct
action fuse than with a time fuse. If a direct action fuse is used, a small projectile, containing a
charge of only 500 gm, is sufficient to destroy an aircraft, whereas with a time fuse, as large a shell
as possible is required. If, therefore, a means of firing a small shell with a high muzzle velocity
(m-v) could be developed, a large economy could be effected. The rate of fire would also be greater
than with a heavy gun.

A second reason given by Dr. Hénsler for requiring a high m-v, was that to engage a high speed
aircraft flying at 12 or 15 km, it is necessary to open fire at a range of 20 or 30 km at least, and a
high m-v is necessary to reach this range.

There is a theoretical upper limit, of 2,800 m/sec to the velocity attainable, using explosive pro-
pellant, and the maximum ever achieved in practise is 1600 m/s. An m-v of 2,000 m/sec or more
is required. Dr. Héansler had in mind a shell of diameter 4 ¢cm and length 80 cm, unrotated and
stabilised by fins.

Various types of electro-magnetic guns have been described in the literature. At first, Dr. Hansler
made some experiments with a solenoid gun, but soon dropped this system for the one described
below. We were shown photographs of solenoids which had burst in operation.

The method of propulsion finally adopted was to have two parallel copper conductors, running the
length of the gun, to which a potential was applied. A sliding copper bridge was propelled along
these conductors under the action of the electro-mechanical forces resulting from the very heavy
currents which flowed.

In the model guns made up at the present time there was also a “field winding” consisting of a
single turn of heavy copper running the length of the gun, in the same plane as the conductors.
This can be connected either in series or in parallel with the conductors. Use is made of iron to
concentrate the magnetic field. In the next experimental gun, which is designed, but not built, the
field winding will be omitted, and no magnetic material will be used, except for an outer sheath.
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We were shown an experimental gun 2 m long which was capable of firing a 10 gm projectile with
a velocity of 1200 m/s. This was not in operation, but if permission were given, could be made to
work in two weeks time. We were given a demonstration with a model gun 50 cm long, working off
two 12 v car batteries. This was said to given an m-v of 60 m/s.

Power for the experimental 2 m gun was obtained from a battery of 1,000 12 v accumulators of
standard lead-acid type, each capable of giving 9 kw for a short time.

Development work was going on at Friemann and Wolf at Zwickau with a view to producing a
special type of accumulator capable of giving a high current for a short time, the principle being
to increase the surface area of the plates as much as possible. The firm were making 50 of a type
that would give 20,000 to 40,000 amps for one tenth to one hundredth part of a second: the size
of this accumulator, which was of the lead acid type, was to be 20 x 17 x 40 cm. These were not
however, delivered when the war ended.

The use of condensers as a source of power had also been considered and a battery of condensers
(24,000 mfd, 200 v) was installed in the laboratory. Little work had been done on this method, but
Herr Muck of Staffelsee near Murnau, was said to have ideas on the subject. It was stressed that
the power supplies used up to the present were suitable for laboratory experiments only. Work had
just been started on a rotating machine which, it was hoped, would be capable of development into
a practical device.

Briefly, this consisted of two rotating copper rings, like slip rings, but cut and insulated at one place.
These rings were joined together on one side of the cut. Each ring had a copper brush bearing on
it, from which the power output was taken. If, when the rings were rotating, a pulse of current from
a condenser were applied at the correct time, a magnetic field would be built up rapidly and the
machine would deliver power for one rotation. This machine had not yet been completed.

The 2 m gun referred to above, behaved in accordance with theory, as regards relation between
field and conductor currents and m-v. When an attempt to put two together and make a 4 m gun
was made, however, the expected increase in m-v was not obtained.

The next gun projected was to fire a 6.5 kg projectile, which would be so designed that the propelling
bridge would drop off as soon as it left the gun.

In addition to work on the gun itself, a number of associated investigations were being carried out:
they were

(1) Development of a conductor with a low self inductance for connecting the gun to the power
supply. This was obtained by mounting the two conductors very close together with a layer
of insulating material between.

(2) Development of a method of measuring self inductances less than 10~ henries. The method
was to form a tuned circuit including the self inductance, shock excite it, and record the
resulting damped wave on an oscillograph.

(3) Development of an iron inductance shunt for measuring heavy currents. The principle was as
in one (1)



3222 APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

The laboratory was well equipped for measuring m-v. The method was to fire the projectile through
wire screens, and record the resulting electrical impulses on a moving film using a high speed loop
oscilloscope. Current waveforms in the gun could be recorded at the same time. We were shown an
electrical counter device which would give a direct reading of transit time in milli-secs. This had not
been designed by the firm but had been purchased. It was about to be put into use in conjunction
with a pair of photo-electric devices for recording the passage of the projectile.

These were two slow motion cameras for photographing the projectile in flight. A high speed
oscilloscope using a Cathode Ray tube was being developed.

On the whole we formed the impression that the work being carried out by this firm was very far
from having any military application.

Joachim Hénsler. 1945 reports. [NARA RG 319, Entry NM-82A, Box 15, Folders
OB-27 and OB-28]

[The copies of Hénsler’s reports that were obtained and filed by the U.S. Alsos Mission are quite
lengthy and extremely detailed, covering his designs, theoretical calculations, experimental mea-
surements, and photographs of the projectiles that he tested. Please see photos of selected pages
from these reports on the following pages.

As documented in these reports and the preceding CIOS reports, Hansler built and demonstrated
electromagnetic railguns capable of launching projectiles at velocities up to 1200 meters/second,
or over 3.5 times the speed of sound. As of the time of these reports, he was continuing to develop
larger and faster railguns, planning to reach velocities over 2000 meters/second.]
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Figure C.132: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.133: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.134: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.



3226 APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

— -7 -
S
§§ #ir berechnen weiter die mittlere Stromstiirke 1, die wir
2 in dem Fall brauchen, wenn der Strom nicht im Nulldurchgang
g;_; ausgeschalt.et wird, Sie ist

§ i-'-f.—jo‘tdi-riﬂ,q—t[w-[fmwf+wmut)e ’] (23)

Fernur Pindet‘ man cuaf einfache Welse

v --L’-f'{w-(;- snwt + weeo wt) e'ﬁ] (24)
wobei L Ve "{Tlﬁ_ Al

ferner , ._-.[ut.( th-l.(m‘ (.oowt‘)e Jmi_] (26)

Der \Wirkungsgrad der Anordnung wird in folgender Jeise defi-
niert: Bezeichnet man mit Aq die von der Ankerstromguelle
gelieferte Energie, mit A, daie von der Feldstromquelle gelie-

ferte Energie und mit Ag die GeschoBenergie, so 1st

A
Uy wrre (27)
Eine weitere Berechnung des Wirkungsgrades filhren wir nicht

durch, da in den verschiedenen Fédllen sich verschiedene For-

meln ergeben, die jedoch leicht abzuleiten sind.

QE ﬁ 2. Die Ausschaltung bei Stromnulldurchgang.
e 1
E g Geht man nach dem Vorschlage von Dr. W. Leukert vor, beim
z "g Nulldurchgang des Stromes zu schalten, so nehmen di2 Gleichun-
o gen fir: .
£ ~ (=0 aleor wt, T (28)
2~ . °
1 -
S g folgende einfache Form an: U, *VUy (4 e "') (29)
. .‘!n. 2
< 7 0 = (- [F- Y (1+e ”)J (30)
P
e = U, 4+e ft'
— —Llw- — 31‘
g é Oo b= k%we (/I + e'ﬁ,) ( !
é f und daraus (32)
~ 2 -
< 3 we o T3 (1ee M)
Z [aa) % (.{ +e ‘“’o)

Figure C.135: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.136: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.137: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.138: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.139: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
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Figure C.140: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-

magnetic railguns.
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Figure C.141: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.142: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Gesellschart rUr Klais/Obb., den 18, Sept.l944
Gertitebau m.b....

P O v 1<

VYersuchsbericht Nr. 1

Schiessperiode vom 4.9. bis 13.9.44

Am 4.9.44 warcn di e Vorbereitungen soweit zediehen, dass
wieder mit Schiessversuchen begonnen werden konnte.

Aufgabe der ersten Schiessversuche ist, mit e.i n enmn
LIl 2 die nach der Rechnung mit 2 m Rohrlénge gridtmigliche
Vys dehe etwa 1500 m/sec, zu erreichen und damit die maximale
Stromdichte festzustellen. Die weitcre Steigerung der Anfangs-—
geschwindigkeit wird dann 1? bekannter Weise durch Ansetzen

welterer Linearmotore gemacht werden,.

Bei den letzten Versuchen in Bzrlin wurde ausschlieBlich
E mit Lichtbogenkontakt als Stromzufithrung zum Treibfliigel gear-
é§3 beitet. Mit Hilfe 4@ 1 e 8 e 8 Kontuktes war bel &4 m lagger
B Rohr - zwel LM 2 - die gréftmdgliche V_ 800 m/sec. Die maximale
3 Stromdichte betrug dabei etwa 600 A/mm“. Rechnerisch war gezeigt
a Z worden, dass man mit Beriihrungskontakt zu ganz erheblich graseren
é Stromdichten und damit auch Gaschwindigkeiten vordringen kann.
N Die jetzigen Versuche haben diese Uberlegenheit des Beriih-

rungskontaektas erwiesen, Es wurden insgesamt 76 Schuss geschossen,

Die Feldstromst#rke betrug bei allen Schiissen 9500 bis 10 000 Amp.,

was einer effektiven Meldstiirke von 4% 000 Gauss im Luftspalt

entspricht. Die mittlere Ankerstromstiirke wurde vom 2400 Amp.

auf 7400 Amp. gesteigeé~t. Die Geschwindigkeit stieg dabei won

310 auf’'630 m/sec ( Bild 1l). Die llontaktstiicke wurden bei den

verwendeten Ankerstromstdrken bis 7400 amp. mittlerer

Stromstirke ( Spitze 8900 Amp.) nur ausserordentlich wenig an-

gegriffen. (Siehe Bild 2). Der Kontaktdruck betrug etwa 5 kg.

Das Oszillogramm des Stromverlaufes zeigt den absolut cinwand-

freien Kontakt.(siahe Bild 3 ). Dabei ist die bisher verwendeta

grésste Stromdichte 1300 A/mme, also dbsr doppelt so gross

wie frither die maximale Stromdichte bei Lichtbogenkontukt,
Dadurech, dass sich die Gleitkontakte Yei ullen Schissen

absglu@ einwandfrei verhielten, konnte cin weiterer Fchlar der

Anordnung klar erkunnt und schrittseisc beseitigt werdon. Der

Luftspalt des Linearmotors Ui 2 war so eng wie miglieh (2,5 mm).

NARA RG 319, Entry NME-82A,
Box 15, Folders OB-27 and OB-28

Figure C.143: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.144: Part of Joachim Hénsler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.145: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Geho! -z Zommandcsache

Gesc)llschert Nir Klntin/000 .

Geritebau m.b.ll. o den VoNov, 1Guy

8 Auafertigungen
7 Ausfertigung

Versuchsbericht Nr. 2

Betr.: Versuche mit dem elektrischen Geschiitz.

A. SchieSperiode vom 26.9. - 24.10.1944

Die Polschuhe des IM 2 Nr. 12 wurden - wie im Versuchsbericht
Nr. 1 beschrieben - umgebaut. Bild 1 zeigt die neuen und alten
Polschuhe im Schnitt., Der Luftspalt zwischen den Polschuhen ist
von 2,5 auf 3,5 mm erweitert worden, um eim Schleifen des Treit-

—_ fltigels an der Polschuhkante zu unterbinden. Da bel diesem Pol-

Sg schuh die Geschossfilhrung esus Messing, also aus unmagnetischem
é@} Material, besteht, kinnen hiermit auch Geschosse aus Eisen ver-
%p~ schossen werden, Bild 2 zeigt eine Zusammenstellung der mit Eisen-
é geschossen erhaltenen Resulteate.

W
° E Entgegen der Erwartungen konnte die Geschwindigkeit mit dem
E LM 2 Nr. 12 zunéchst nicht gesteigert werden. Es lag im Gegenteil

die Meximalgeschwindigkeit nicht wie bel den ersten Versuchen um
630 m/sec - siehe Versuchsbericht Nr. 1 -, sondern um 570 m/sec.
Der Grund schien ellein in dem Umbsau des Geschiitzes liegen zu
k&énnen,und es wurden die Versuche mit dem IM 2 Nr. 11 wiederholt,
Die Geschwindigkeit lag ebenfalls um 60 m/sec zu tief. Um den
Grund dafiir zu finden, wurde mit drei verschiedenen Feldstirken

( 15 000, 43 000, 63 000 C.G.S.) gearbeitet. In Bild 3 sind die
bei den verschiedenen Feldstérken maximal erreichten Geschwindigked.
ten zusemmengestellt. Sowohl bei 15 000 wie bei 63 000 C.G.S.
bleiben die gemessecnen hinter den errechneten Werten etwas zurtick,
In beiden FHllen werden die Treibfliigel also bereits tiberbean -
sprucht, Bei 62 000 C.C.S, ist das Hinzukormen eines weiteren
Grundes wahrscheinlich. Die Feldstarken in Abhéngigkeit von der
Stromstérke sind in bekannter Weise berechnet worden. Bild 4 zeigt
diese Abhangigkeit fUr LM 2/11 und LM 2/12., Mbglicherweise dleiten
im Gebiet der Feldsatdarken > S0 000 C.C.S. die tatsiichlich erreich-
ten Feldstharken gegeniiber den errechneten zuriick. Es wird dies

NARA RG 319, Entry NME-82A,
Box 15, Folders OB-27 and OB-28

noch durch Messungen gepriift werden.

Figure C.146: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.147: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.148: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.149: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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P @eheime Xemmandnsache
o
N
59‘ Ge=]lsochaft rir Gerfitebau ¥la13/0bb,., den 1B. Janunr . +e
v m.b.H.
9
]
5
s 8 Ausfertigungen:
£ 8. Ausfertigung

Versuchsberiocht Nr. 3

Betr, : Versuche mit dem elektrischen Geschiitz,

A, Versuche in der Zeit vom 7,11, bis 12.12.1%44 Q{E.ﬂ!!
M 2/13.

Mit dem Linearmotor LM 2/13 (Rohrlinge 2 m) wurden die
im Versuchsbericht Nr. 2 beschriebenen Versuche fortgesetzt
mit dem Ziel, die bisher erreichte Geschwindigkeit von
7930 m/sec, weiter zu steigern, Bel diesem LM ist, wie be=
reits berichtet wurde, die Federung in die Kontaktschienen
verlegt. Der Treibflilgel hat keine Federung. Es wurden
verschiedene GeschoBausfiihrungen mit Treibflizeln arsi 1 mm
starkem Kupferblech mit aufgeldteten Kontaktstiicken aus
Wolfram erprobt. Schwierigkeiten bereitete es, die richtige
Ausfithrung der Kontakte zu finden und sie so aufzuldten,
dass sie sich beim SchuB nicht 18sen. Sich abldicende Kontakte
stellen sich in den Kontaktschienen quer und beschddigen
diese. Aus Blech gestanzte Kontakte sind nicht so haltbar
wie von Rundmaterial abgestochene. Mit letzterem hergestell-
te Geschosse wurden e¢twa 130 aus einem LM verschossen, oShne
dass die Kontaktsohienen beschudigt oder nennenswert abge-
nutzt wurden,

Das GeschoB E 22 mit rechteckigem Kontakt (Bild Nr, 3%
und 4) hat sich neben dem GeschoB mit rundem <ontakt von
6 mm @# (E 19, Bericht Nr. 2, Bild 8) gut bewihrt, Rel mittle-

ren Ankerstromsturken von 21 000 A (max, 27 500 A) wurden

NARA RG 319, Entry NME-82A,
Box 15, Folders OB-27 and OB-28

Figure C.150: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.151: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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Figure C.152: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-

magnetic railguns.
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Figure C.153: Part of Joachim Hansler’s 1945 reports on the development and testing of electro-
magnetic railguns.
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May 1944 U.S. intelligence summary [AFHRA 25216 electronic version p. 423]

HEADQUARTERS
MEDITERRANEAN ALLIED AIR FORCES
Target Intelligence Section

APO 650
COUNTRY POLAND Location & Coord:
LOCALITY POSEN
TARGET Seven unidentified factories
CATEGORY SECRET WEAPONS SUB CATEGORY Electromagnetic Rocket

I. SUMMARY OF CURRENT INTELLIGENCE

The apparatus is in course of being perfected and is under research by the Electric Research Society
of Van Arden [Manfred von Ardenne|. (OSS. B-3 6/900 R.G. 22.5.44)

Manufacture of electrical part will be transferred from Siemens & Halske at Siemenstadt, suburb of
Berlin (Factory destroyed) to the annex of Posen. Moving has been set for 22.4.44. (0SS 21.4.44)

Secret Weapons: Electromagnetic Rocket. 31 May 1944. [AFHRA 25193 No. 2641
Posen]

ALGIERS, 31 May 1944

D. G.S.S. Source: Good
DIRECTION TECHNIQUE Value: B.3
S.R. “OPERATIONS” Date: 16 May 1944
No. 7280 /R.G.
INFORMATION
FRANCE

SECRET WEAPONS

ELECTROMAGNETIC ROCKET

ELEKTROMAGNETISCHE RUCKSTOSSRAKETE

(Reference Note No. 6.900/R.G. of 22 May 1944).
This rocket is under research by the Electric Research Society of Von Arden [Manfred von Ardenne].

The apparatus is in course of being perfected, its manufacture is being carried out on seven factories
of Posen. Launching emplacements have been completed. The wave length used is 2 m 40.



3246 APPENDIX C. ADVANCED CREATIONS IN DIRECTED ENERGY

ELECTROMAGNETIC ROCKET
ELEKTROMAGNETISCHE RUCKSTOSSRAKETE

It concerns a rocket of a caliber of 603 mm, launched electromagnetically through a smooth barrel
of a length of 8 meters, by the successive cutting off of the current through a coil around the barrel.

The rocket is propelled through regeneration. The closing is controlled by a cathode oscillator
loading the condenser blades. The apparatus is under research by Von Ardenne.

The direction of the rocket is controlled by means of ailerons. The principal difficulty is the low
speed of the rocket, estimated at 150 m/sec at the exit of the barrel, which makes it subject to
atmospheric disturbances.

The construction controlled by the Navy is carried on in two groups:

1) Mechanical part: Barrel and rocket by MAGIRUS at Ula.
Electrical part: by Siemens Schuckert at Nuremberg.
This group has only been working for a few months.

2) Mechanical part: by Borsig at Borsigwald -Berlin-. Factory destroyed, manufacture transferred
to Schwartzkoff, turbine constructor (in the suburb of Berlin) not yet ready. Electrical part: by
Siemens & Halske at Siemensstadt, suburb north of Berlin. Factory destroyed—manufacture
will be transferred to the annex of Posen. Moving has been set for the 22nd of April 1944.

Electrical control material: constructed by the research group Von Ardenne, is in course of being
transferred to Posen.

Rocket ailerons are constructed by Karl Mahr at Esslingen (Wirtemberg).

Precision material necessary for the equipment of the factories is collected in France for a total of
120 million francs at the official rate.

[In some of Igor Witkowski’s books, he published an archival document that was an English trans-
lation of French intelligence reports from February 1944 [Witkowski 2010, pp. 129-131, and 2013,
pp. 93-94]. See Figs. C.154-C.156. The document summarized several somewhat contradictory and
garbled French intelligence reports, but they described French coastal emplacements for very large
electromagnetic railguns with powers up to “10,000 kilowatts.” The document may be related to
the above French intelligence report. Witkowski did not give an archival source for the document
in his books. Can the archive and archival location be identified?

Collectively these reports appear to demonstrate that during the war, electromagnetic railguns had
moved beyond the stage of simple experiments. Very large railguns were being mass-produced in
several factories, and sites were being built to house and power them on the battlefield.]
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Peb. &4
Tae of S Uar 44
DAffusion: 8/3/44

QERUANY ARNY
FRAKCE
Various Information < Secret Noaron

Precisions on the characteristics of Cuns and Shells,

3 b 4

We were abls to show the gutline of the "secret weapoli® gun to an
officer of the "Preparstion of Terrein®, who participated in the installaticu
cperations for thess guns., He ooanfirmed the exsctitude of the outline, but as
to ths olaiber of thercket gremades, he thinks that they are 700 millimeters.

The grenade: »m's height.

7 Fab &b

_ The rocket shell placed om & car crosses a tunnel about ) kilowmetors
long. (in concrets). The attreotion is effected by an els .romagnetic
system, The porer for the launching of the shell s that of 7,000 kilowatts,
raised to 10,000 kilorats. The tunoel exist is inclined at a 50° acgle.

Gciiturr to everything we bave previously said, the contaloer is pro-
pelled with the shell) the latter detaches its 1f only after it bas been ejected.

Kany scoidents a ¢ breakdowns are caused by maynelic flelds formed in
the tunuel,

Dismster of the shulls 650 = wiaght; 13 tons of which 8 tons are
sxplosives.

{During the .onstruction, 'he excavations were casouflaged and painted
in green,)
9 Feb &4

¥e are concersed with a gen, firing sholls which funotions not !, flushes
or explosion, but b y em ssion of acold wuve = reaching 160°,

Abeut 100 gunl have alrsady been set and numercus sm lacuronts ace belng
arranged,

{These guns will only be used in case of debarkatimn).
Intelligence on New l;lpon Lsplacements in the Hilly North Sectioa.

M TIAL

Figure C.154: English translation of French intelligence reports from February 1944 describing
French coastal emplacements for very large electromagnetic railguns with powers up to “10,000
kilowatts” [Witkowski 2010, pp. 129-131, and 2013, pp. 93-94].
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Cleaned from & train conversation with a workman, employed by the
Germans, J large operations (esecret weapon) are in progress, in the
Cherbourg vicinity: at V.lognes, Louville and sartinvaaat,

11 Peb 4s .

. From & conversation hold at Volssac with the workers, it appears that sll
Along tha coast from the cape of the Haygue to Frouvills there are bedng constru. ed
platforme of reinforced concrets destined to received poices of lon, range ar-
tillery. Acoording to one of the workers who ssemed to be ochief of the
orew; or & foresan, thess platforss bave a surface of 100 aquare meters, the
lower portion is arra:ged in strenyg rooms (3 or 4) , intended to receive the
munitions, & command post and, in the sase of the largest, probatly an eledtro-
08 group, sinoe all this bas to do with an electric c« non cepable of bombing
the bayglish coast and a coansidera' le distance inland,

Allied airplanes come frequently 10 'arb ana destroy so=e of thosc works,
wtich must be feccustruated st top spsed, To sccomplish this the occupying
authoritiss offer 19 Iranss; 90 centin s an hour to the workars, who are
volunteers for the aity and port of Cherbourg.

It i» estizited that there is & layer of § matsrs 50 of reinforeed concpete
on top of sach strong room.

24 Feb ok

We are ¢ ncerned with a provisi nal pun, elecurically charged and fired.
The barrel alone » 43 ceters lung. It launches a projectile having & dia~
metar of srom 30 to J5 centimetere, and a length of 4 maters and a welht of
450 + Range: 240 kilowetsrs. riring cadence: 1 shot evary 30 or 45
seconds. The bore of the barrel which serves at Lhe sase time for the pro-
pulsion, is changed during a J bour celay.

-These guns are in shelters, 120 to 450 seters, having a pyramical or
ovoidal roofing - ver, thick. The yun plased at ground lsvel having only the
battlement esbrasure uncovored. -

In the intarior are fommd:

Ceatral Llect-is Power Ctation and
Muaitions Depot,

[bare is no detonation, only a mowiny ennouncus the ceparture.

iany guns are set up, Oerman industry is raking a considera le effort
to multiply their numbers.

In Calais and its vicinlty, the Jermans blow up the lortifications they
had constructed. They have prepsred for the flooding of this tarritory in the
case of an invasion,

Figure C.155: English translation of French intelligence reports from February 1944 describing
French coastal emplacements for very large electromagnetic railguns with powers up to “10,000
kilowatts” [Witkowski 2010, pp. 129-131, and 2013, pp. 93-94].
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28 b 4
An informer who helped build nuny emplacements for shell liunchin
rockets, claies that there are 18 of thoso ‘etw en Diegpe and L‘unknrqu-?

These apparatuses comprise of & lcle more or lass inclined of a dime
meter and depth X, in which & coating of concrote im poured, in *his shell
is installed a guide (not of the gung whioh brings alout the fidng of the
rookst shell,

T i» rockot shell, weighing 5 t na at daparture, comprises of 4 tons
of explosives on arrival et target (1 ton serving towards tho engine pro=
pulltu?- Ita range is 400 kilometers approximately, the levelling develdtion
course is that of 10 kilometers ~ launching roocxets which cunnot bu oreinted.

An underground cas.nate - containin, projoctiles, is constructéd unde
sach rockst thrower, il ’ o ‘

§=2_Compents

Heport coasists of oconglozerate Iacte poorly exprosad and arran wd anc
for the most part & probabl -

Spcuial attent.on however is lavitsd to following extracts:

1. Under date of 7 Feb.: Tunnel e it is inclined at a to degree angl
Weight of shell 1) tons on which 9 tons are sxplosives, o

2. Under date of 3 r.b.t large aite at Kartinvast and supply eite at
Valognes ire noted, Couville is often yuoted wlith roference to surtinvast as
it 49 the nsarest fown of fair aize.

ﬁpllﬂj. ﬂndor.:llh of 24 Feb.: Firing c&dm::cu 1 shot every 30 or 45 scconds—

The extract data 1isted above are not to be accepted as ‘v, but ropre
sent the more isportant sta‘ezents in tis report, shsuld be i iited iy
ecmpired with rore credible inforsation, B e e o

Figure C.156: English translation of French intelligence reports from February 1944 describing
French coastal emplacements for very large electromagnetic railguns with powers up to “10,000
kilowatts” [Witkowski 2010, pp. 129-131, and 2013, pp. 93-94].
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Brendan Borrell. Electromagnetic Railgun Blasts Off. Technology Review. 6 Febru-
ary 2008. [https://www.technologyreview.com/2008/02/06/128211 /electromagnetic-
railgun-blasts-off/]

A supersonic bullet is fired with a record-breaking 10 megajoules of muzzle energy.

Last week at the Naval Surface Warfare Center, in Dahlgren, VA, a seven-pound bullet emerged
from a truck-sized contraption at seven times the speed of sound and sent a visible shockwave
through the air before crashing into a metal bunker filled with sand. With 10.6 megajoules of
kinetic energy, this aluminum slug was propelled not by explosives but by an electric field, making
this the most powerful electromagnetic railgun ever fired. The device is part of the navy’s railgun
development program.

While propellant-driven shells have been mainstays of naval warships for the past hundred years,
the cost and safety issues related to storing explosive materials have driven engineers to seek
alternatives like the electromagnetic railgun. “There are physical limits to what you can do with
gunpowder,” says Charles Garnett, the manager at Dahlgren, referring to the maximum velocities
that explosions can produce. A railgun could eventually send a 40-pound slug 200 miles in six
minutes—10 times the range of the navy’s primary surface support gun, the MK 45—and it could
be used to support Marine troops engaged in land-based operations.

“A lot of people think a railgun is not going to make a lot of noise,” Garnett says. “It’s electrically
fired, and they expect a whoosh and no sound.” In reality, when the bullet emerges, it lets out a
crack as electricity arcs through the air like lightning.

The railgun gets its name from two highly conductive rails, which form a complete electric circuit
once the metal projectile and a sliding armature are put in place. When current starts flowing
through the device, it creates a powerful electromagnetic field that accelerates the projectile down
the barrel at 40,000 gs, launching it in a matter of milliseconds. Aerodynamic drag along with a
million amps of current heats the bullet to 1,000 °C, igniting aluminum particles and leaving a trail
of flame in its wake. The researchers estimate the muzzle energy based on the mass and velocity of
the bullet in the barrel and from precisely timed x-ray snapshots during flight.

“What’s important,” says Garnett, “is that this is the first step on the way to building a tactically
viable system with 64 megajoules of energy.” |...]
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U.S. Navy. 2008. [https://www.navy.mil/view_image.asp?id=54942
https://fortune.com/2016,/05/31/navy-new-railgun-military /
https://taskandpurpose.com/news/navy-electromagnetic-railgun-dead /|

hu Jan 31 2008 10:49:53.231 508 S

080131-N-0000X-001

DAHLGREN, Va. (Jan. 31, 2008) Photograph taken from a high-speed video camera during a
record-setting firing of an electromagnetic railgun (EMRG) at Naval Surface Warfare Center,
Dahlgren, Va., on January 31, 2008, firing at 10.64MJ (megajoules) with a muzzle velocity of
2520 meters per second. The Office of Naval Research’s EMRG program is part of the Depart-
ment of the Navy’s Science and Technology investments, focused on developing new technologies
to support Navy and Marine Corps war fighting needs. This photograph is a frame taken from a
high-speed video camera. U.S. Navy Photograph

Figure C.157: Test firing of a modern railgun by the U.S. Navy in 2008.
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BAE Systems. 2013. Electromagnetic (EM) Railgun.
[https://www.baesystems.com/en/product/electromagnetic—em—railgun]|

We are honored to lead the way in the development of the Office of Naval Research (ONR) Elec-
tromagnetic (EM) Railgun Innovative Naval Prototype.

This fascinating technology, which uses high-power electromagnetic energy instead of explosive
chemical propellants to launch projectiles farther and faster than any previous system, is currently
in Phase 2 of the program. During this phase, we will advance the railgun by maturing the launcher
and pulsed power from a single shot operation to a multi-shot capability. Auto-loading and thermal
management systems will also be incorporated. We received a $34.5M contract from ONR in 2013
to pursue these efforts.

“We're committed to developing this innovative and game changing technology that will revolu-
tionize naval warfare,” said Chris Hughes, vice president and general manager of Weapon Systems
at BAE Systems. “The Railgun’s ability to defend against enemy threats from distances greater
than ever before improves the capabilities of our armed forces.”

On December 10, 2010, the U.S. Navy made history at the Naval Surface Warfare Center-Dahlgren
Division with our Laboratory Railgun. A 33-Megajoule shot was fired, the energy equivalent of 110
nmi range. In 2012, during Phase 1 of the INP program, engineers at the Naval Surface Warfare
Center successfully fired our EM Railgun prototype at tactical energy levels.

Not content with just merely building the launch platform, We are also pursuing the development
of a Hyper Velocity Projectile (HVP). In late 2013, we received a $33.6 million contract from ONR
to develop and demonstrate a HVP—a next-generation, guided projectile capable of completing
multiple missions for the Electromagnetic Railgun, as well as existing 5-inch and 155-mm gun
systems.

[Even nowadays, electromagnetic railguns are considered to be a high-tech “weapon of the future.”
The best modern railguns are essentially just larger versions of Joachim Héansler’s and Manfred von
Ardenne’s 1944-1945 devices, and can now fire projectiles at approximately twice the velocity of
Hénsler’s wartime railguns. Since Hansler’s (and perhaps von Ardenne’s) detailed technical reports
and even some of his equipment were brought back to the United States by the Alsos Mission,
CIOS, and other teams of investigators in 1945, it appears that such modern railguns are directly
derived from the wartime German work.

Much more archival research should be conducted to elucidate the history of electromagnetic rail-
guns in the German-speaking world, as well as the impact of those innovators and innovations on
postwar electromagnetic railguns in other countries.|



