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Foreword
Frederick 1. Ordway III

I'have read the first full English translation of Noordung’s Das Problem
der Befahrung des Weltraums with a sense of both relief and satisfaction—
relief that the book is finally accessible to the English-reading public
and satisfaction that the project was achieved in the first place. Like most
efforts that are ultimately realized, from my perspective the Noordung
translation had quite a history. I first became aware of Noordung’s work
through the pages of some old pulps. In my early teens I had begun to
collect science fiction magazines and books as well as non-fiction works
on rocketry, the Moon and planets, and the possibility of voyages to them.
In fact, I became-and continue to be-a collector.’

Within a few years of beginning my pulp collection, I located some
early Hugo Gernshack-edited Science Wonders Stories that contained trans-
lations by Francis M. Currier® of portions from Noordung’s original
German-language book.” Particularly exciting was a full-color painting
of Noordung’s space station array on the cover of the August 1929 num-
ber by well-known science-fiction illustrator Frank R. Paul. That image
stuck in my mind for decades.

The years passed and my only further exposure to Noordung was an
occasional reference to him in my evolving non-fiction collection of books
on rocketry and spaceflight.” Then, during the summer of 1956, while
employed at Republic Aviation Corporation’s Guided Missile Division, I
began 1o ponder the feasibility of arranging for Noordung to be trans-
lated and published in the United States. Accordingly, on 23 July I wrote

1. Frederick I. Ordway III, “Collecting Literature in the Space and Rocket Fields,” Space
Education supplement to the Journal of the British Interplanetary Society 1 (September 1982):
176-82; 1 (October 1983): 279-87; and 1 (May 1984): 326-30. Also “The Ordway Aero-
space Collection at the Alabama Space and Rocket Center,” in Special Collections: Aeronau-
lics and Space Flight Collections, edited by Catherine D. Scott (New York: Haworth Press,
1985), pp. 153-72.

2. Hermann Noordung, “The Problems of Space Flying,” translated by Francis M. Currier
Science Wonder Stories 1 (July 1929): 170-80; (August 1929): 264-72; and (September 1929):
361-368.

3. Hermann Noordung, Das Problem der Befahrung des Weltraums: Der Raketen-Motor (Berlin:
Richard Car] Schmidt & Co, 1929).

4. Tlearned about Noordung’s space station concept not only from the old Science Wonder
Stories but from reading the first edition of Willy Ley’s Rockets: The Future of Travel Beyond
the Stratosphere (New York: Viking, 1944), pp. 225 and 229. By the time Ley's book had
been expanded into Rockets, Missiles and Space Travel (New York: Viking, 1951), Noordung
had been relegated to a footnote on page 332 and a bibliographic citation on page 420.

Years later, with the appearance of Rockets, Missiles, and Men in Space (New York: Viking,
1969), a couple of pages-300 and 301-were devoted to Noordung. And that's as far as
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X Foreward

to the German publisher Richard Carl Schmidt & Co. in Berlin. Within
a couple of weeks I received a reply from the company’s head office in
Braunschweig to the cffect that “We are in pri[n]ciple ready to assist
your project.” The lctter went on to say that “Before having a final deci-
sion please give us the ad[d]ress of Mr. Hugo Gernsba[c]k, with whom
we should like to have priorly a contact”.’

As it happened, I had anticipated this requirement and was already in
touch with Gernsback at his Radio-Electronics magazine office located at
154 West 14th Street in New York City. T had hoped that a full translation
of Noordung might have been made by Currier even though Gernsback
had only published portions. After some correspondance and telephone
conversations, he advised me on 5 July 1956 that the original English
translation “...is no longer available, as we have no records going that
far back at the present time.” He went on to explain that “...T have talked
to several people about this, but so far have not been able to get any
further information on it.” We later got together for lunch at which time
he reconfirmed that a complete English translation did not exist; in fact,
he had no surviving files on the matter. This meant that we would have
either to make do with the extracts published in the old Science Wonder
Stories or have the book translated anew.

The month following my conversations with Hugo Gernsback, I made
what turned out to be a career-changing trip to Redstone Arscnal in
Huntsville, Alabama, for meetings with Wernher von Braun and mem-
bers of his team. Then, in December von Braun spent a couple of days
with my wife and me at our home in Syosset, Long Island. It was then
that arrangements were made for me to join him at Redstone. So, in
February 1957, with wife, two children and collie dog appropriately name
Rocket, we pulled up stakes for the move to Huntsville. Noordung was
no longer a concern.

Willy Ley went. Based to a large extent on Ley’s limited notations, similarly brief mention
of Noordung appeared in other books over the years, including some coauthored by me,
c.g. Frederick I. Ordway TIT and Ronald C. Wakeford, Interrational Missile and Spacecraft
Guide (New York: McGraw-Hill, 1960), p. 212, and Wernher von Braun and Frederick 1.
Ordway 11, History of Rocketry & Space Travel (New York: Crowell, 1966), p. 202 and later
editions (Crowell, 1969; Crowell, 1975; and Harper & Row, 1985—the last with the title
Space Travel: A History). Other authors gave Noordung the same rather spares treatment,
e.g. David Baker, The History of Manned Space Flight (New York: Crown, 1981), p. 14. In
1987, Sylvia Doughty Fries and T offered a bit more—but hardly adequate—space to
Noordung in our “The Space Station: From Concept to Evolving Reality,” Interdisciplinary
Science Reviews 12 (June 1987): 143-59.

5. All correspondance Teferred to in this foreword is located in the Ordway Collection,
Center Library and Archives, U.S. Space & Rocket Center, Huntsville, Alabama.
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After our arrival at Redstone, life became so busy and so exciting that
the Noordung project further faded from mind. In late May, we celebrated
at Huntsville the first successful firing of a 1,500-mile-range Jupiter from
Cape Canaveral; in August a 600-mile-altitude, 1,300-mile-range flight of
a Jupiter-C three-stage rocket; and in January 1958 the orbiting of
America’s first satellite, Explorer 1. Then, in July 1960, the von Braun
team transferred to NASA as the George C. Marshall Space Flight Cen-
ter, in May 1961 Alan Shepard became the first American astronaut to {ly
into space, and later that same month President Kennedy announced a
national goal of sending astronauts to the Moon within the decade.

By the time of the Apollo announcement, five years had passed since
T had begun thinking about having Noordung translated into English. A
couple more years went by until, during the spring of 1963, Harry O.
Ruppe-who was deputy director of NASA-Marshall’s Future Projects
Office-and I began to bring the project back to life.

Our first step was to write to Willy Ley in Jackson Heights, New York,
an old friend and colleague from my Long Island days. In a letter of 22
April, T told him that Ruppe had begun planning the translation and
that we had discussed the introduction (which we both hoped Ley would
write). I added that “One thing that puzzles him [Ruppe] is the almost
complete absence of information on Noordung. Apparently he made
every effort to conceal his identity. He had no history of publications
prior to this book and made no effort to publish further after it appeared.”
I then posed seven questions:

1. Who was Noordung?

2. Why did he try to conceal his identity?

3. Is he known to have written anything other than this book?

4. Where did he get his training?

5. What happened to him after he wrote the book?

6. What contacts did he have with other rocket and astronautical pio-

neers?

7. How well did his book do and what influence did it have on the

development of astronautical thinking in prewar Germany?

Agreeing that “Yes, Noordung is a difficult case,” Willy Ley answered
the seven questions in a letter to me dated 3 May 1963:

1. His real name was Potocnic, first name unknown. He was a captain

in the Austro-Hungarian army of World War I, and since he used the

title Ingenieur it is generally assumed he was a Captain in the Engi-
neer Corps.

2. Two possible reasons (A) he might have felt that his real name,

being Czech [see below], was a slight handicap. (B) he might have

wished to indicate that he was speaking as an individual, not as an
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officer (albeit retired) of the armed forces, just as I have used the pen
name Robert Willey for the few science fiction stories I wrote in the
past, to show that this was mecant to be fiction. (I did not hide behind
the penname, though, everybody knew it was me.) There is a third
possibility, somewhat unkind to the gentleman. He might have wished
to keep his name from the disbursing office for pensions so that he
would receive his full pension in spite of outside income.

3. Nothing else by him is known.

4. See answer to # 1.

5. He seems to have been fairly old when he wrote the book, presum-

ably he died a few years later.

6. Virtually none.

7. His book never got beyond its first printing, it was strongly critized

by [Austrian space pioneer Guido] von Pirquet because of its errors

in the tables (the one about rocket efficiency). It was one of those
books where the prophetic content was not realized until much later.

At the time it was new, everybody only looked at the mistakes he made.

Although Ley said in answering question No. 1 that he didn’t know
Potoénic’s first name, a couple of years later he provided me a transla-
tion from an article on Noordung by Prof. Erich Dolezal in the Viennese
magazine Universum (Vol. 33, Heft 2, 1965) to the effect that “The book
[Noordung’s] was one of the best of the early period, it deal[t] espe-
cially with the problem of the space station...supposed to be in a syn-
chronous orbit... The pen name Hermann Noordung covered the Aus-
trian (Army) Officer Hermann Poto¢nik who had been born in Pola
[now, Pula] in 1892. His father had been a Navy staff surgeon who had
been a participant in the naval battle of Lissa (1866).” Learning that
Noordung had died on 27 August 1929 of a pulmonary disorder, Ley
commented ©...no wonder he [n]ever answered anything, he died dur-
ing the same year his book was published.”

In May 1963, Harry Ruppe began planning the translation, our art-
ist/designer colleague Harry H-K Lange considered either reproducing
or redoing the illustrations, and I got back in touch with the Richard
Carl Schmidt publishers in Germany to make final arrangements to se-
cure for us the publication rights. Replying on 24 June 1963, the com-
pany proposed that a formal agreement be drawn up and a royalty rate
established. With this reasGhable response in mind, we approached the
McQuiddy Publishers of Nashville and Aero Publishers, Inc. of Los An-
geles regarding publishing and distributing the book. A year went by,
and we got nowhere; and, ultimately, the German publisher simply re-
fused to respond to further inquiries. Since Mcquiddy and Aero under-
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standably would not proceed without Richard Carl Schmidt’s approval,
we dropped all plans to publish a translation.

All the while, Ruppe’s, Lange’s and my workloads at the NASA-Marshall
Center were increasing so we relegated the Noordung project to our
inactive files. Ruppe’s final notes to me echo in part Willy Ley’s com-
ments. “This guy Noordung is quite a mysterious figure. You know, usu-
ally you write a book, amongst many other things, to reap some fame.
Certainly this was not one of his motives. Indeed this guy is nearly impos-
sible to grasp. He wrote a book, he published it and then he vanished
again. He is not well known prior to the book. There is nothing we know
of him thereafter. He did not republish.”

In a way, [Ruppe continued] he does not belong to the old pioneers

and in another way he does. He is aware of the state-of-the-art of his

time. His mathematical knowledge is not too strong. He misinterprets
some concepts like his efficiency considerations which were quite well
discussed in [Hermann] Oberth’s book a couple of years prior to his
own. But on the other hand, he shows very, very capable concepts.

His space station design is kind of a model-well, we honestly haven’t

progressed very much further except for one of his quite funny mis-

takes, placing it in a 24 hour orbit.

And there the matter rested until 1992 when I learned that Ron Miller
had obtained a copy of Noordung’s book in the original Slovenian!®
Noordung, it scems, was not Czech as Ley had surmised but rather the
Slovenian Herman Potocnic born on 22 December 1892 in what is now
Croatia; his mother-though also Slovenian-had Czech ancestors. I quickly
persuaded Miller to provide a short write-up of the appearance of
Noordung/Potocnic in Slovenian for a special issue of the Journal of the
British Interplanetary Society being edited by Frank Winter and me. This
he graciously consented to do.”

Some months later, Noordung/Potocnic again came to my attention
with the arrival from Sri Lanka of a memorandum from Arthur C. Clarke
dated 15 January 1993:

PROBLEM VOZNJE PO VESOLJU

This afternoon just as I was leaving for the Otters Club to beat up the

locals at table tennis, [ noticed two young European backpackers hov-

ering around my gate. Stopped to find who they were, and discovered
they were a couple of Slovenes, who’d hiked here to deliver this book

6. Herman Potocnic, Problem Voinje po Vesolju (Ljubljana: Slovenska Matica, 1986).
7. Ron Miller, “Herman Potocnik - alias Hermann Noordung,” Journal of the British Inier-
planetary Society 45 (July 1992), “Pioneering Rocketry and Spaceflight” issue, Part 1:295-6.

e
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to me!! Do you know it? I've never seen the original, and the illustra-

tions are fascinating. Though of course, I was familiar with some of

them, notably the space station design.
I immediately sent Clarke a copy of the Miller article; and, on 17 Febru-
ary 1993, he acknowledged its receipt with thanks and had this to add:

Here’s an incredible coincidence—a week after the Slovenes gave me
their edition of Potocnik, Luis Marden of National Geographic mailed
me a copy of the German edition, with dust jacket, he’d found when
cleaning out his library! I'd never seen it before, and was delighted to
have it. What an incredible man Poto¢nik must have been, perhaps in
some ways quite as remarkable as Oberth.

About the time Noordung/Potoénik was re-entering my life after so
many years and false starts towards translation into English, I got to talk-
ing with NASA’s Chief Historian Dr. Roger Launius. Once again a coin-
cidence: he, himself, had been pondering the feasibility of NASA’s spon-
soring the translation and subsequent publication. I quickly loaned him
my files hoping they might be of some use. In due course, under the
guidance of Dr. John Dillard Hunley of the History Office, a professional
translation was finally made, Dr. Ernst Stuhlinger of Huntsville agreed
to critically review it, and publication subsequently was realized. Mission
accomplished!
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Preface
J.D. Hunley

Hermann Noordung’s Das Problem der Befahrung des Weltraums, pub-
lished here in English translation, was one of the classic writings about
spaceflight. Its author, whose real name was Herman Poto¢nik, was an
obscure former captain in the Austrian army who became an engineer.
He was born on 22 December 1892 in Pola (later, Pula), the chief Austro-
Hungarian naval station, located on the Adriatic
in what is today Croatia. As the location might
suggest in part, his father served in the navy as
a staff medical officer. The name Potoénik is
Slovenian, also the nationality of Herman’s
mother, who had some Czech ancestors as well.
The young man was educated in various places
in the Habsburg monarchy, attending an el-
ementary school in Marburg (later, Maribor)
in what is today Slovenia. He enrolled in mili-
tary schools with emphases on science and
mathematics as well as languages for his inter-
mediate and secondary schooling, in the ob-
scure town of Fischau, Lower Austria, and in
Mihrisch-Weilkirchen (later the Czech city of Hranice), respectively.

Following that, he attended the technical military academy in Médling
southwest of Vienna. Upon graduation, he received his commission as a
lieutenant in the Austro-Hungarian army, where he served during World
War I in a railroad (guard) regiment. From 1918 to 1922 he studied
electrical engineering at the Technical Institute in Vienna, although tu-
berculosis had forced him to leave the army in 1919. While he appears
to have set up a practice as an engineer, his illness evidently prevented
him from working in that capacity. But he did become interested in the
spaceflight movement. He contributed monetarily to the journal of the
German Society for Space Travel (Verein fir Raumschiffahrt or VIR),
Die Rakete (The Rocket), begun in 1927, and he corresponded with
Hermann Oberth (1894-1989), whose book Die Rakete zu den
Planetenrdumen (The Rocket into Interplanetary Space, published in 1923)
essentially launched the spaceflight movement in Germany and laid the
theoretical foundations for future space efforts there. Another corre-
spondent was Baron Guido von Pirquet (1880-1966), who wrote a series
of articles on interplanetary travel routes in Die Rakete during 1928 that
suggested space stations as depots for supplying fuel and other neces-
saries to interplanetary rockets. The rockets, in his conception, would

; « mHEIE Y

Hermann Noordung, alias
for Herman Poto¢nik
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be launched from the stations rather than from the Earth to avoid the
amounts of propellants required for escape from the home planet’s gravi-
tational field, which would be much weaker at the distance of a few hun-
dred kilometers.

Oberth encouraged Poto¢nik to express his ideas about rocketry and
space travel in a book, which he completed with its 100 illustrations in
1928. Poto¢nik’s gratitude to Oberth and the enthusiasts around him in
Germany led the still young but ailing engineer to assume the pen name
of Noordung (referring to the German word for north, Nord) in honor
of the fellow space enthusiasts to his north. He published the book with
Richard Carl Schmidt & Co. in Berlin in 1929, only to die soon after-
wards on 27 August 1929 of tuberculosis.’

Poto¢nik’s book dealt, as its title suggests, with a broad range of topics
relating to space travel, although the rocket motor that forms the book’s
subtitle was not especially prominent among them. What makes the book
important in the early literature about space travel is its extensive treat-
ment of the engineering aspects of a space station. Poto¢nik was hardly
the first person to write about this subject, as the comment about Pirquet
above would suggest. The idea in fictional form dates back to 1869-1870
when American minister and writer Edward Everett Hale (1822-1909)
published “The Brick Moon” serially in The Atlantic Monthly. The Ger-
man mathematics teacher, philosopher, and historian of science Kurd
LaBwitz (1848-1910) followed this up in 1897 with his novel Awf zwei
Planeten (translated into English as “Two Planets” in 1971), which fea-
tured a Martian space station supported by antigravity that served as a

1. Frank H. Winter, “Observatories in Space, 1920s Style,” Griffith Observer 46 (Jun. 1982):
3-5; Fritz Sykora, “Pioniere der Raketentechnik aus Osterreich,” Bliitter fiir Technikgeschichte
22 (1960): 189-192, 196-199; Ron Miller, “Herman Potocnik—alias Hermann Noordung,”
Journal of the British Interplanetary Society 45 (1992): 285-296; Harry O. Ruppe, “Noordung:
Der Mann und sein Werk,” Astronautik 13 (1976): 81-83; Herbert J. Pichler, “Hermann
Pototnik-Noordung, 22. Dez. 1892-27 Aug. 1929,” typescript from a folder on Potocnik in
the National Air and Space Museum’s Archives. These sources on Pototnik’s lifc agree in
the essentials but disagree in some particulars, even to the spelling of his first name,
which appears as Herman (with one n) on the title page of the Slovenian edition of his
book, first published in his native language in 1986, Winter and Sykora also discuss both
Oberth and Pirquet. Further information about both appears in Barton C. Hacker, “The
Idea of Rendezvous: From Space Station to Orbital Operations in Space-Travel Thought,”
Technology and Culture 15 (1974): 380-384. Other sources on Oberth’s life include Hans
Barth, Hermann Oberth: “Vater der Raumfuhrt” (Munich: Bechtle, 1991) and John Elder,
“The Experience of Hermann Oberth,” as yet unpublished paper given at the 42nd Con-
gress of the International Astronautics Federation, October 5-11, 1991, Montreal, Canada.
On Pirquet’s series of articles, see also Die Rakete: Offtzielles Organ des Vereins fiir Raumschiffahrt
E.V. in Deutschland 2 (1928): esp. 118, 137-140, 184, 189.

2. Cf. Winter, “Observatories in Space,” pp. 2-3; Hacker, “Idea of Rendezvous,” pp. 374
375.
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staging point for space travel.” Two years before the appearance of
LaBwitz's book, the earliest of the recognized pioneers of spaceflight
theory, the Russian school teacher Konstantin E. Tsiolkovsky (1857-1935),
published a work of science fiction entitled (in English translation) Re-
[lections on Earth and Heaven and the Effects of Universal Gravitation (1895)
in which he discussed asteroids and artificial satellites as bases for rocket
launches. He also discussed the creation of artificial gravity on the man-
made space stations through rotation.? Unlike LaBwitz, Tsiolkovsky was
not content with science fiction, however. Between 1911 and 1926, the
Russian spaceflight theorist expanded his ideas and subjected them to
mathematical calculation. In the process, he elaborated a concept of a
space station as a base for voyages into space but did not develop it in
any detail.’ Others in what was then the Soviet Union also developed
ideas about space stations,” but they were little known in the West. Thus,
for the development there of conceptions about space stations the writ-
ings of Oberth were much more important. The Romanian-German
spaceflight theorist wrote briefly about “observation stations” in his 1923
book and discussed some of their possible uses such as observation and
military reconnaissance of the Earth, service asa fueling station, and the
like.® In the expanded and more popular version of his book published
in 1929, Wege zur Raumschiffahrt (translated as Ways to Spaceflight), Oberth
covered these ideas in more detail, but he devoted most of his attention
to a space mirror that could reflect solar energy upon a single point on
Earth or upon a wider region for keeping northern ports free of ice in
winter, illuminating large cities at night, and other applications.”

3. Hacker, “Idea of Rendezvous,” pp. 375-376; N.A. Rynin, Interplanetary Flight and Commu-
nication, 111, 7, K.E. Tsiolkouskii, Life, Writings, and Rockets (Leningrad, 1931), trans. by
Israel Program for Scientific Translations (Jerusalem: NASA TT F-646, 1971}, pp. 24-25;
LA. Kol'chenko and LV. Strazheva, “The Ideas of K.E. Tsiolkovsky on Orbital Space Sta-
tions,” Essays on the History of Rocketry and Astronautics: Proceedings of the Third Through the
Sixth History Symposia of the International Academy of Astronautics, ed. R. Cargill Hall (Wash-
ington, D.C.: NASA Conference Publication 2014, 1977), vol. 1, p. 171. This last work has
since been reprinted as History of Rocketry and Astronautics, AAS History Series, vol. 7, pt. 1
(San Diego: Univelt, 1986).

4. Hacker, “Idea of Rendezvous,” pp. 376-377; K. E. Tsiolkovskiy (sic), “The Exploration of
the Universe with Reaction Machines,” in Collected Works of K.E. Tsiolkouskiy, vol. 2, Reactive
Flying Machines, ed. B. N. Vorob’yev et al., trans. Faraday Translations (Washington, D.C.:
NASA TT F-237, 1965), pp. 118-167, esp. 146-154; Tsiolkovskiy, “Exploration of the Uni-
verse with Reaction Machines,” in Reactive Flying Machines, pp. 212-349, esp. pp. 338-346;
Kol’chenko and Strazheva, “Ideas of Tsiolkovsky on Orbital Space Stations,” pp. 172-174.
5. Hacker, “Idea of Rendezvous,” pp. 377-379.

6. Hermann Oberth, Die Raketen zu den Planetenriumen (Nurnberg: Uni-Verlag, 1960; re-
print of 1923 work), pp. 86-89; for a more detailed description of Oberth’s ideas, sce
Winter, “Observatories in Space,” pp. 3-4.

7. Hermann Oberth, Ways to Spaceflight, trans. Agence Tunisienne de Public-Relations
(Washington, D.C.: NASA TT F-622, 1972), pp. 477-506.
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Oberth’s expanded book appeared, according to Frank H. Winter,
immediately after that of Poto¢nik.” Winter does not reveal his source
for this information, but its accuracy appears to be validated by the nu-
merous references to Noordung in Ways to Spaceflight.” On the other hand,
since a review of Potocnik’s book appeared in the October 1928 issue of
Die Rakete, it is possible that Oberth saw an advance copy." While these
other early works on space stations had important theoretical influences,
what Potocnik’s book offered that they didn’t was engineering details
about how a space station might be constructed."”

While Poto¢nik’s book is clearly the classic statement of how a space
station might be constructed,” it is difficult to know how to assess its real
importance for the later design, construction, and use of space stations
and other spacecraft. For one thing, the work received considerable criti-
cism, apparently even before it was published.” The unsigned October
1928 review in Die Rakete praised the book as a successful and under-
standable introduction to the highly interesting problem of spaceflight.
But it said the work paid too little attention to recent contributions to
the topic, such as those that had appeared in Die Raketeitself. The author’s
treatment of the issue of [rocket] efficiency could be accepted only with
caution, the review went on. Noordung presented a detailed treatment
of a space station, but he placed it in a 35,000 kilometer, geostationary
orbit, which was not practical according to the existing state of research
(see below).™

As can be seen from the translation that follows (p. 74}, in fact Poto¢nik
spoke of a 35,900 kilometer orbit but also discussed the possibilities of
orbits at different distances from the Earth and at other inclinations
than the plane of the equator. Thus, this particular criticism was a bit
unfair.

Both Willy Ley and Pirquet also criticized the book shortly after it
appeared.” Their arguments appear to have been conveniently summa-
rized by Ley in his widely-circulated Rockets, Missiles, and Space Travel,

8. “Observatories in Space,” p. 4.

9. Pp. 56, 138, 210, 247, 302, 308, 309, 351, 352, 354, 417, 478.

10. Die Rakete 2 (Oct. 1928): 158-159.

11. Sykora, “Pioniere der Raketentechnik,” p. 198; Frank Winter, Rockets into Space (Cam-
bridge, Mass.: Harvard University Press, 1990), pp. 25-26. In fact, Winter states, “his work
was so comprehensive that no other space station study appeared until the mid-1940s.”
12. Cf. Winter, “Observatories in Space,” p. 4.

13. Willy Ley (Rockets, Missiles, and Men in Space [New York: Viking, 1968}, p. 540) and
others have dated Potocnik’s book from 1928, but as Harry Ruppe points out (“Noordung,”
p- 82n) the 1929 edition of the book gives no indication that it is a second printing.
Moreover, the copyright dates from 1929.

14. Die Rakete 2 (Oct. 1928): 158-159.

15. Ruppe, “Noordung,” p. 82.
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which had appeared under a variety of titles and revisions and some
twenty printings from 1944 to 1968." In the 1961 revised and enlarged
edition of that book Ley recalled that Potocnik had “succeeded in get-
ting himself into the bad graces of the few rocket men of the time by a
number of peculiarities. The first of them...was a somewhat fantastic
method of calculating the over-all efficiency of a rocket.” This particu-
larly “incensed” Pirquet, Ley said. Secondly, he failed to answer corre-
spondence—naturally enough since he was dying of tuberculosis—but
most of his contemporaries were evidently ignorant of that fact. The
third peculiarity was his insistence that the space station must be in a 24-
hour orbit, something that would decrease its value by, say, 75 per cent.
In such an orbit it could observe only one hemisphere of the earth and
that one not very well because of the great distance, which also would
make the station’s construction and maintenance rather expensive in
terms of extra tons of fuel consumed [on the trip to the station]. He did
have a number of interesting ideas, but each one of them came out some-
what flawed. Nevertheless, Ley remembered writing to Pirquet “that
‘Noordung’s plans are of great historical significance even now.’™

Leywent on to note several “essentially correct” thoughts in Potoc¢nik’s
design, including an airlock and the plan to obtain power from the sun.
But he said there were also “strange mistakes,” such as an excessive con-
cern with heating the station when what it really needed was air condi-
tioning because of the absorbed heat from the sun, the heat from the
bodies of the crew, and that generated by electric motors. Also, Potocnik
wanted to rotate his habitat wheel-—the occupied element among the
three connected but separate units in his space station—every eight sec-
onds so as to create a full g of artificial gravity. Ley said that /s g would
be adequate and would allow the station to be “lighter and therefore
cheaper to carry into an orbit piecemeal.”

Besides such criticisms, which must have served to reduce the influ-
ence of Poto¢nik’s detailed designs, there was also the problem that the
book appears not to have been widely available to the non-German speak-
ing world. There was a very early, partial English translation by Francis
M. Currier that appeared serially in what might seem (although it really
is not) a strange place, Hugo Gernsback’s Science Wonder Stories in mid-

16. As stated on the back of the title page of the 1968 edition, Rockets, Missiles, and Men of
Space, which had a less extensive discussion of the author and book than the 1961 edition
referred to in the narrative above and cited in the next footnote. Interestingly, the 1951
edition, also entitled Rockets, Missiles, and Space Travel (like the 1961 edition), relegated
Potocnik and the discussion of his book to a footnote, where none of the criticism ap-
peared.

17. Rockets, Missiles, and Space Travel (New York: Viking, 1961), p. 369,

18. I#id., pp. 369-370, 375.
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1929,” but it is uncertain how many people might have read the work in
that magazine. Moreover, even if they did read it, how many of them
kept their copies and how available the partial translation was in most
libraries are questions no one seems to have asked.” There was also a
(partial?) translation done for the British Interplanetary Society and kept
atitslibrary in London, apparently as an unpublished typescript.” And a
Russian translation appeared about 1935 but may have been only partial
since it was only 92 pages long compared with the 188 in the original
German edition.” Despite these translations, at least in Britain the work

19. Science Wonder Stories 1 (1929): 170-80, 264-72, and 361-68 (July-September issues).
Photocopies in the National Air and Space Museum’s archives in a folder on Poto¢nik;
copics of the original magazine at the Library of Congress. Science Wonder Stories is not as
strange a place for a translation of an engincering study to appear as the title might
suggest. Gernsback (1884-1967) carried on the masthead of the new magazine the dic-
tum, “Prophetic Fiction is the Mother of Scientific Fact,” and it was his policy to publish
only stories that were scientifically correct, with a “basis in scientific laws as we know
them. ..." He also carried a section entitled “Science News of the Month,” in which the
publication sought to report up-to-date scientific achievements “in plain English.” Copy
of editorial page from Science Wonder Stories 1 (1929) in Hugo Gernsback, biographical
file, NASA Historical Reference Collection. See also Tom D, Crouch, “To Fly o the World
in the Moon’: Cosmic Voyaging in Fact and Fiction from Lucian to Sputnik,” in Science
Fiction and Space Fulures, Past and Present, ed. Eugene M. Emme, AAS History Series, Vol. 5
(San Diego: Univelt, 1982), pp. 19-22, and Samn Moscowitz, “The Growth of Science Fic-
tion from 1900 to the Early 1950s,” in Blueprints for Space: Science Fiction to Science Facl, ¢d.
Frederick 1. Ordway I and Randy Lichermann (Washington, D.C.: Smithsonian Institu-
tion Press, 1992}, pp. 69-82, among other sources on Gernsback, who is generally cred-
ited with coining the term “science fiction.”

20. As of 17 March 1994, the On-Line Computer Library Center (OCLC) data base showed
8 libraries in the U.S. as holding hard copies of the June 1929-May 1930 issues of Science
Wonder Stories plus 14 others with those issues on microfilm. There may, of course, have
been other libraries holding the set including the partial Potoénik translation at carlier
dates, but many of the current holdings of microfilm especially seem to have been ac-
quired recently. The Library of Congress Pre-1956 Imprints shows only 6 libraries holding
Science Wonder Stories and its sequels, for example, and Donald H. Tuck (The Encyclopedia of
Science Fiction and Fantasy, 3 vols. [Chicago: Advent Publishers, Inc., 1974-1982}1, vol. 1, p.
185) reports that all of Gernsback’s science fiction magazines “led checkered careers,
some lasting only brief periods.” On the other hand, Fred Ordway reports that he owns a
fine set of Science Wonder Stories and that many copies of such pulp magazines found their
way to England as ballast on ships returning less than full from carrying certain types of
cargo to the United States. Thus, there may be many copies of the publication still in
private hands.

21. Hacker, “Idea of Rendezvous,” p. 384n. Hacker seems to suggest that this was a full
translation, but according to L. J. Carter, long-time executive secretary of the BIS, this was
not the case. In a letter to Fred Ordway on 15 April 1994, he wrote in answer to his
question about the existence of such a document, “yes, we used a translation of extracts
from it [the Poto¢nik book] when considering the early BIS Space Station designs. This,
however, was done before the war so it is unlikely that anything has survived.” Informa-
tion kindly provided by Fred Ordway.

22. On-Line Computer Library Center printout from early March 1994 showing one copy
in the United States at the California Institute of Technology.



Preface XX1

appears not to have been readily available. For example, the famous Brit-
ish science fiction writer and member of the British Interplanetary Soci-
ety Arthur C. Clarke had cited Potocnik’s book in his October 1945 ar-
ticle in Wireless World where he had discussed using a satellite in geosyn-
chronous orbit for purposes of radio communications.” But he later stated
that at the time he had not seen the book, only pictures of Potocnik’s
space station in science fiction magazines. He only obtained his “first
copy of Potoénik’s classic book” in 1993. And while some Austrians have
tried to credit Potoénik with first conceiving of both the communica-
tions satellite and a geostationary orbit for it, Clarke pointed out that
Tsiolkovsky had written about the geostationary orbit at the beginning
of the century and that Oberth first wrote about using space stations for
communications in his 1923 book, although through optical means rather
than radio. Clarke nevertheless credited Potocnik with envisioning the
use of short waves for communications between the Earth and his space
station.™

Evidently, Clarke was not aware of the translation in the British Inter-
planetary Society’s library. Other members of the society apparently were
not either, because a brief notice appeared in its publication, Spaceflight,
in 1985 announcing that the editors had “at last” secured a copy of the
Potoénik book in the original German. “This was a book to which the
pre-war BIS Technical Committee frequently referred,” the notice went
on, “though none had actually seen it, for the simple reason that no
copies were available.™

Both Frank Winter and Adam Gruen have suggested that Potocnik’s
book formed the basis for a plotless short story entitled “Lunetta” that
Wernher von Braun wrote in 1929, describing a trip to a space station.™

23. Entitled “Extra-Terrestrial Relays,” this article is generally credited with being the first
account that clearly outlined the idea of communications satellites. In it, Clarke suggested
three satellites spaced equidistantly at altitudes of 22,300 miles (35,900 kilometers) to
provide complete coverage of the Earth. See, e.g., Telecommunications Satellites: Theory, Prac-
tice, Ground Stations, Satellites, Economics, ed. K[enneth] W. Gatland (London: Prentice-
Hall, Inc., 1964), pp. 1-2, 21; Neil McAleer, Odyssey: The Authorized Biography of Arthur C.
Clarke (London: Gollancz, 1992), pp. 58-61.

24. Clarke’s comments appeared in a letter to the IEEE Spectrum 31, (Mar. 1994): 4, re-
sponding to a letter from the Austrian, Viktor Kudielka, in the same journal, vol. 30,
(June 1993): 8, where the latter claimed precedence for Potoénik in inventing a geosta-
tionary orbit for short wave communications. (My thanks to Lee Saegesser of the NASA
History Office for bringing the Clarke letter to my attention.) Pichler, “Pototnik-
Noordung,” pp. 2, 10, also claims precedence for Poto¢nik in inventing communications
satellites and the geosynchronous orbit.

25. “Space Station Update,” Spaceflight 27 (Feb. 1985): 92.

26. Winter, Prelude lo the Space Age: The Rocket Societies (Washington, D.C.: Smithsonian
Institution Press, 1983), p. 114; Gruen, “The Port Unknown: A History of the Space Sta-
tion Freedom Project” (as yet unpublished typescript dated 30 April 1993 and submitted to
the NASA History Office), p. 13n7.
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If correct, this hypothesis would suggest an important link in the evolu-
tion about ideas for a space station. As is well known, von Braun—tech-
nical director of the German rocket development center at Peenemiinde
that developed the V-2 ballistic missile during World War II and later
director of NASA’s Marshall Space Flight Center while it developed the
Saturn V rocket—wrote an article for the popular Collier’s magazine in
1952 in which he described a space station at least superficially similar to
Potoc¢nik’s.” This article, others in the eight-part Collier’s series of which
it was a part, and a Walt Disney television series, Man in Space, in which
von Braun, Ley, and others appeared, helped establish the American
popular image of a space station and of space exploration as well as a
vision of a space station that, in Howard McCurdy’s words, “would con-
tinue to guide NASA strategy through the decades ahead.” As McCurdy
also stated, “More than any other person, von Braun would be respon-
sible for clarifying in the American mind the relationship between space
stations and space exploration.”™

Thus, if Poto¢nik indeed influenced von Braun, through the latter he
must also have influenced the United States and NASA. Unfortunately,
there appears to be no conclusive evidence for such influence on
Potocnik’s part. Winter quotes von Braun as saying that during the pe-
riod around 1929 he “read everything in the space field, including Willy
Ley’s popularizations,™ and it seems likely that he would have read the
Potocnik book along with the other contemporary literature. As stated
above, von Braun wrote “Lunetta” in 1929, so it could easily have been
influenced by Potocnik. At the time the future rocket engineer and man-
ager was still attending secondary school at the Hermann Lietz Interna-
tional School on the island of Spiekeroog in the North Sea. The school
published the plotless story in its publication, Leben und Arbeit (life and

27. “Crossing the Last Frontier,” Collier’s Mar. 22, 1952: 24-29, 72-73.

28. Howard E. McCurdy, “The Possibility of Space Flight: From Fantasy to Prophecy,”
paper delivered at the annual meeting of the Society for the History of Technology, 15
Oct. 1993, pp. 2, 10-11, 16; The Space Station Decision: Incremental Politics and Technological
Choice (Baltimore: Johns Hopkins University Press, 1990), pp. 5-8, quotation from p. 8.
Cf. the comment of W. Ray Hook, who had helped develop space station concepts at
Langley Research Center and was later the manager of its Space Station Office and then
its Director for Space. In an apparently unpublished paper entitled “Historical Review
and Current Plans,” p. 1, received in late 1983 in the NASA History Office and now resid-
ing in a folder marked “Space Station Historical” in the NASA Historical Reference Col-
lection, he stated of von Braun and others’ space station concept published in Collier’sin
1952, “The basic tenets and objectives of this proposal were essentially sound and have
been pursued with varying levels of activity ever since.” See also in this connection, Randy
Liebermann, “The Collier’s and Disney Series,” Blueprint for Space, pp. 135-146, and the
video on the subject at the Smithsonian National Air and Space Museum.

29. Space Station Decision, p. 5.

30. Winter, The Rocket Societies, p. 114.
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work) in the 1930-1931 issue, volume 2-3 on pp. 88-92." It describes a
trip by rocket to a space station and back, with some of the details similar
to those in Potoc¢nik’s book, which does contain a description of a some-
what similar trip (pp. 115-118 of the translation).” However, Oberth had
also included a description of a rocket flight through interplanetary space
in Ways to Spaceflight, upon which von Braun could have loosely based his
own story.” Thus, the influence of Poto¢nik’s book upon von Braun re-
mains probable but speculative.

What can be stated unequivocally is that Pototnik’s book was widcly
known even to people who may have seen only photographs or sections
from the book in translation. For example, Harry E. Ross of the British
Interplanetary Society proposed a large, rotating space station in con-
junction with Ralph A. Smith in 1948-1949, basing it upon Potoénik’s
drawings although neither of them could read his German.” It is also
clear that although the details of Potocnik’s designs for a space station
were not repeated in later space stations, he foresaw many of the pur-
poses for which space stations as well as other spacecraft were used. As
the reader of the translation will discover, Poto¢nik, following Oberth
on many points, predicted a great many uses for his space station. These
included physical and chemical experiments conducted in the absence
of gravity and heat, studies of cosmic rays, astronomical studies without
the interference produced by the Earth’s atmosphere, studies of the
planet Earth itself from the vantage point of space (including meteoro-
logical and military applications of the resulting information), the use
of a space mirror to focus the rays of the sun upon the Earth for a variety
of purposes (including combat), and use as a base for travelling further
into space (pp. 118-130).

Not all of these goals have been implemented. But on Skylab, which
provided an orbiting habitat for three 3-person crews between May 1973

31. Ernst Stuhlinger and Frederick I Ordway, Wernher von Braun: Auflruch in den Weltraum
{Munich: Bechtle Verlag, 1992), pp. 47-48. The English version of this book, Wernher von
Braun: Crusader for Space, vol. 1. A Biographical Memoir (Melbourne, Florida: Krieger Pub-
lishing Company, 1994), contains this information on p. 16.

32. Copy of “Lunetta” from Leben und Arbeit2/3 (1930/31): 88-92 in von Braun biographical
folder, “Sputnik to Dec. 1965,” in the NASA Historical Reference Collection.

33. Ways to Spaceflight, pp. 410-435.

34. Hacker, “Idea of Rendezvous,” pp. 384-385; Frederick 1. Ordway, II, “The History,
Evolution, and Benefits of the Space Station Concept (in the United States and Western
Europe),” paper presented at the XIIle Congress of the History of Science, Section 12,
Moscow, August 1971, p. 6, later published in the Actes du XIITe Congrés International d'Histoire
des Sciences 12 (1974): 92-132. As Hacker points out, it was for Ross and Smith that the
B.LS. English translation was later prepared. The design of their space station appeared
in the London Daily Expressin November 1948 and later as “Orbital Bases” in the Journal
of the British Interplanetary Society 8 (Jan. 1949): 1-19.
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and February 1974, experiments included various solar studies, stellar
astronomy, space physics, experiments to study the Earth, materials sci-
ence, zero-gravity studies, and studies of radiation, among others.” Nu-
merous other spacecraft from the Hubble Space Telescope to Shuttle
orbiters equipped with a spacelab have also fulfilled some of the expec-
tations set forth in a general way by Poto¢nik.”

It is also quite possible that by proposing the first actual design for a
space station and by offering illustrations of that design, Poto¢nik helped
to fixate the imagination of people interested in spaceflight upon a spacc
station as an important goal in itself and a means to the end of interplan-
etary flight. Since 1959 NASA has conducted at least a hundred studies
of space station designs,” and the idea of a space station became a firm
fixture in NASA’s planning from the mid-1960s to the present day.™ Much
more continuously than the United States, the former Soviet Union and
Russia have had a space station program dating back to the launch of
Salyut 1 on 19 April 1971." In view of the mid-1930s translation of
Potocnik’s book into Russian, perhaps that program, too, owes some-
thing to the little-known Austro-Hungarian engineer’s study.

In view of these possibilities, it is time for Poto¢nik’s book to be readily
available to the English-speaking world in a readable and accurate trans-
lation. At the suggestion of Lee Saegesser, the NASA History Office com-
missioned the translation that appeared as NASA TT-10002 in 1993. The
NASA STI Program had that translation done by SCITRAN of Santa Bar-
bara, California, and subsequently edited by Jennifer Garland of the STI
Program. She made numerous corrections to grammar, spelling, format-
ting, and vocabulary. She also ensured that all figures and equations
were included, keyed, and oriented accurately. I offered a few prelimi-
nary corrections that appeared in the original translation, such as the
rendition of the word Kunsisatzin a fireworks rocket as “bursting charge”
rather than “man-made charge” and of Stebon the same rocket as “guide
stick” rather than “brace.” I later went through the translated text more
extensively and compared it with the original German. In the process, 1

35. W. David Compton and Charles D. Benson, Living and Working in Space: A History of
Skylab (Washington, D.C.: NASA SP-4208, 1983), esp. pp. 247-338, 381-386.

36. See for example, The Aeronautics and Space Report of the President, Fiscal Year 1992 Activi-
ties (Washington D.C.: Government Printing Office, 1993), pp. 11, 15-16.

37. Sylvia D. Fries, “2001 to 1994: Political Environment and the Design of NASA’s Space
Station System,” Technology and Culture 29 (1988): 571.

38. See, e.g., the unpublished paper of Alex Roland, “The Evolution of Civil Space Sta-
tion Concepts in the United States™ (May 1983}, seen in his biographical file, NASA His-
torical Reference Collection.

39. Hook, “Historical Review and Current Plans,” pp. 8-10; Aeronautics and Space Report, FY
1992, Appendix C.
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made numerous other changes to the original translation. For example,
SCITRAN consistently translated the word Betriebsstoff as fuel when in
many instances it clearly refers to both a fuel and an oxidizer. Hence,
according to usage, I sometimes rendered it as “propellant” and in other
instances left it as “fuel” where that translation seemed appropriate. Simi-
larly, where appropriate I changed the translation of Gestirn from “star”
to “planet” where the word clearly referred to one of the natural satel-
lites of our sun. In general, I tried to ensure that the present translation
followed American colloquial usage without deviating from the sense of
the original German. I also added a number of asterisked footnotes to
the text, largely to identify people Poto¢nik mentioned. (The numbered
footnotes are Poto¢nik’s own contributions.)

Following my editing, Dr. Ernst Stuhlinger kindly agreed to read the
translation. Dr. Stuhlinger, who earned his Ph.D. in physics at the Uni-
versity of Tibingen in 1936 and whose involvement in rocketry and space
work began at Peenemiinde in 1943 and extended through service as
associate director of science at the NASA-Marshall Space Flight Center
through the end of 1975, has a much more intimate knowledge of the
technological details about which Poto¢nik wrote than I do as well as a
more subtle grasp of the nuances of Poto¢nik’s Austrian German. He
has painstakingly read through the original German and made numer-
ous corrections to the translation that I missed. For example, the trans-
lators had rendered forigeschleudert (literally, “flung away”) as “acceler-
ated away,” whereas Dr. Stuhlinger improved that to the more colloquial
and accurate “launched.” Similarly, he changed the translation of
Schwerpunkt from the correct dictionary meaning “center of mass” to the
more exact “center of gravity.” And where the translation rendered
liegender in reference to a position of the human body as “lying,” he
changed that to the much more appropriate English word, “prone.” In
these and countless other ways, he made the translation both more accu-
rate and more readable without altogether effacing the style of someone
writing in Austrian German at a date well before many of today’s techni-
cal terms had been coined.

As Dr. Stuhlinger wrote to me on 2 August 1994 after he had finished
his final editing, “Noordung’s way of writing is in his lovable and homely
Austrian style, with many small words that do not contribute much to
the content of a sentence, but rather to an easy flow of the language.
Many of these little words,” Stuhlinger went on, “can have a multitude of
meanings, depending on the context; in looking up these words in the
dictionary,” it is easy to choose a wrong translation and thus change a
sentence’s meaning. “In numerous cases, 1 just struck out such words,
because they are not really needed, and only burden the text; in other
cases, I had to select another English translation.” Despite such prob-
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lems with translating the book, however, and despite “some basically in-
correct views expressed by the author,” Stuhlinger added “it is a remark-
able book” that he thought should be made accessible to an audience
not able to read it in the original Austrian German.

In my own editing and in writing this introduction, I have benefitted
from the advice and assistance of a number of people. In listing them, I
run the risk of forgetting some whose help I neglected to annotate in my
notes, but the list should certainly include John Mulcahey, Jesco von
Puttkamer, Otto Guess, Lee Saegesser, Shirley Campos, Beverly S. Lehrer,
Jennifer Hopkins, Bill Skerrett, Adam Gruen, Timothy Cronen, Michael
J. Neufeld, Howard E. McCurdy, and Roger D. Launius. Fred Ordway
deserves special mention not only for writing the foreword but for shar-
ing materials for an earlier translation he had planned in conjunction
with Harry O. Ruppe, Willy Ley and others. In addition to doing the
initial editing of TT-10002, Jennifer Garland worked with me closely in
arranging for the translation, and I would like to thank her for being
exceptionally cooperative and professional in that effort. Above all, how-
ever, Dr. Stuhlinger deserves credit for making the translation much more
accurate than it would have been without his careful editing. With very
minor changes, I have accepted his corrections of the text, but I alone
retain responsibility for any errors that remain in the translation. Finally,
let me thank Lynn Van der Veer and Steve Chambers for their extremely
professional work designing the book and preparing it for publication.



[Noordung’s] Introduction

Since the beginning of time, mankind has considered it as an expres-
sion of its Earthly weakness and inadequacy to be bound to the Earth, to
be unable to free itself from the mysterious shackles of gravity. Not with-
out good reason then has the concept of the transcendental always been
associated with the idea of weightlessness, the power “to be able freely to
rise into the sky.” And most people even today still take it as a dogma
that it is indeed unthinkable for Earthly beings ever to be able to escape
the Earth. Is this point of view really justified?

Keep in mind: just a few decades ago, the belief indelibly impressed
upon us was widespread that it is foolhardy to hope that we would ever
be able to speed through the air like the birds. And today! In the face of
this and similar superb proofs of the capability of science and technol-
ogy, should mankind not dare now to tackle the last transportation prob-
lem for which a solution still eludes us: the problem of space travel? And
logically: in the last few years, the “technical dream,” which to date was
only the stuff of fanciful novels, has become a “technical question” ex-
amined in the dispassionate works of scholars and engineers using all
the support of mathematical, physical and technical knowledge and—
has been deemed solvable.






The Power of Gravity

The most critical obstacle standing in the way of traveling in space is
the gravitation of the Earth. Because a vehicle that is supposed to travel
in outer space must be able not only to move; it must primarily and first
of all move away from the Earth—i.e., against the force of gravity. It must
be able to lift itself and its payload up many thousands, even hundreds
of thousands of kilometers!

Because the force of gravity is an inertial force, we must first of all
understand the other inertial forces existing in naturc and, morcover,
briefly examine what causes these forces, namely the two mechanical
fundamental properties of mass; because the entire problem of space
travel is based on these issues.

The first of these properties lies in the fact that all masses mutually
attract (Law of Gravitation). The consequence of this phenomenon is
that every mass exerts a so-called “force of mutual attraction” on every
other mass. The attractive force that the celestial bodies exert on other
masses by virtue of their total mass is called the force of gravity. The
“force of gravity” exerted by the Earth is the reason that all objects on
the Earth are “heavy”, that is, they have more or less “weight” depending
on whether they themselves have a larger or smaller mass. The force of
mutual attraction (force of gravity) is then that much more significant,
the greater the mass of the objects between which it acts. On the other
hand, its strength decreases with increasing distance (more specifically,
with the square of the latter), nevertheless without its effective range
having a distinct boundary (Figure 1). Theoretically, the force becomes
zero only at an infinite distance. Similar to the Earth, the sun, Moon
and, for that matter, every celestial body exerts a force of gravity corre-
sponding to its size. o

Key: 1. Amount of the Earth’s
force of gravity at various dis-
tances; 2. Curve of the force of
gravity; 3. Magnitude of the
Mol for die Schwerkral] der Eroe @ force of gravity on the Earth’s
i den verschiedenen Entfernungen surface; 4. Earth; 5. Radius

of the Earth=6,380 km.
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Figure 1. The curve of the Earth’s force of mutual attraction (force of gravity). The strength
of the attraction, which decreases with the square of increasing distance is represented by
the distance of the curve of the force of gravity from the horizontal axis.
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4 The Power of Gravity

The second fundamental property of mass lies in the fact that every
mass is always striving to continue to remain in its current state of mo-
tion (Law of Inertia). Consequently, any mass whose motion is acceler-
ated, decelerated or has its di-
rection changed will resist this
tendency by developing coun-
teracting, so-called “forces of
inertial mass” (Figure 2).

In general, these are desig-
nated as inertia, or in a spe-
cial case also as centrifugal

Figure 2. force. The latter is the case

Key: when those forces occur due

1. Object; 2. Driving force; 3. Cenler of mass; 4. Inertia to the fact that mass is forced

to move along a curved path.

As i1s well known, the centrifu-

Gewegungstas, dg;-“ ) ‘6‘\9 gal force is always directed ver-

. ¥ tically outward from the curve

of motion (Figure 3). All of

these forces: force of gravity,

inertia and the centrifugal
force are inertial forces.

As mentioned previously,
the effect of the Earth’s force
of gravity extends for an infi-

Key: 1. Path of motion of the object; 2. Centrifugal nite distance, becoming
Sorce; 3. Object; 4. Center of gravily. weaker and weaker. We can

consequently never com-
pletely escape the attractive range (the gravitational field) of the Earth,
never reaching the actual gravitational boundary of the Earth. It can,
nevertheless, be calculated what amount of work would theoretically be
required in order to overcome the Earth’s total gravitational field. To
this end, an energy not less than 6,380 meter-tons would have to be used
for every kilogram of load. Furthermore, it can be determined at what
velocity an object would have to be launched from the Earth, so that it
no longer returns to Earth. The velocity is 11,180 meters per second.
This is the same velocity at which an object would strike the Earth’s sur-
face if it fell freely from an infinite distance onto the Earth. In order to
impart this velocity to a kilogram of mass, the same amount of work of
6,380 meter-tons is required that would have to be expended to over-
come the total Earth’s gravitational field per kilogram of load.

If the Earth’s attractive range could never actually be escaped, possi-
bilities would nevertheless exist for an object to escape from the gravita-

———
Antreibende Kraf? NS
(2]

Figure 3.



The Practical Gravitational Boundary of the Earth 5

tional effect of the Earth, and more specifically, by the fact that it is also
subjected to the effect of other inertial forces counterbalancing the
Earth’s force of gravity. According to our previous consideration about
the fundamental properties of mass, only the following forces are pos-
sible: either the forces of mutual attraction of neighboring heavenly
bodies or forces of inertial mass self-activated in the body in question.

The Practical Gravitational Boundary of the Earth

First of all, we want to examine the previously cited possibility. Be-
cause like the Earth every other celestial body also has a gravitational
field that extends out indefinitely, losing more and more strength the
further out it goes, we are—theoretically, at least—always under the si-
multaneous gravitational effect of all heavenly bodies. Of this effect, only
the gravitational effect of the Earth and, to some degree, that of our
Moon is noticeable to us, however. In the region close to the Earth’s
surface, in which mankind lives, the force of the Earth’s attraction is so
predominately overwhelming that the gravitational effect exerted by
other celestial bodies for all practical purposes disappears compared to
the Earth’s attraction.

Something else happens, however, as soon as we distance ourselves
from the Earth. Its attractive force continually decreases in its effect,
while, on the other hand, the effect of the neighboring heavenly bodies

Figure 4. The curve of the gravitational fields of two neighboring heavenly bodies G, and
G, is represented as in Figure 1, with the exception that the gravitational curve of the
smaller celestial body G, was drawn below the line connecting the centers because its
attractive force counteracts that of the larger entity G,. The point free of gravitational
effects is located where both gravitational fields are opposite and equal to one another
and, therefore, offset their effects.



6 Free Orbit

increases continually. Since the effect counterbalances the Earth’s force
of gravity, a point must exist—seen from the Earth in every direction—
at which these attractive forces maintain equilibrium concerning their
strengths. On this side of that location, the gravitational effect of the
Earth starts to dominate, while on the other side, that of the neighbor-
ing planet becomes greater. This can be designated as a practical bound-
ary of the gravitational field of the Earth, a concept, however, that may
not be interpreted in the strict sense, taking into consideration the large
difference and continual changing of the position of the neighboring
planets in relation to the Earth.

At individual points on the practical gravitational boundary (in gen-
cral, on those that are on the straight line connecting the Earth and a
neighboring planet), the attractive forces cancel one another according
to the direction, such that at those points a completely weightless state
exists. A point of this nature in outer space is designated as a so-called
“point free of gravitational effects” (Figure 4). However, we would find
ourselves at that point in an only insecure, unstable state of weightless-
ness, because at the slightest movement towards one side or the other,
we are threatened with a plunge either onto the Earth or onto the neigh-
boring planet.

Free Orbit

In order to attain a secure, stable state of weightlessness, we would
have to escape the effect of gravity in the second way: with the aid of
inertial forces.

O Fretirot?
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Figure 5. Circular free orbiting of an
object around the Earth. The object’s
weightis offset by the centrifugal force
generated during the orbiting. The
object is, therefore, in a stable state of
free suspension in relation to the
Earth.

Key: 1. Centnifugal force; 2. Orbiting ob-
ject; 3. Weight; 4. Are opposite and equal
to one another; 5. Earth; 6. Circular free
orbit
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Free Orbit 7

This is attained when the attracting celestial body, for example, the Earth,
is orbiting in a free orbit at a corresponding velocity (gravitational mo-
tion). The centrifugal force occurring

during the orbit and always.direcFed o%‘g gr“d‘sdinn
outward maintains equilibrium with ﬁ"" N‘t- \-0'“(bﬂ
the attractive force—indeed, it is the E ~ QO

only force when the motion is circu- ™\,
lar (Figure 5)—or simultaneously with
other inertial forces occurring when
the orbit has another form (ellipse,
hyperbola, parabola, Figure 6).

All Moon and planet movements
occur in a similar fashion. Because, by

way of example, our Moon continu- §§//

ously orbits the Earth at an average \'/Qés\ >

velocity of approximately 1,000 meters ,' e )

per second, it does not fall onto the Y ’,// .

Earth even though it is in the Earth’s
range of attraction, but instead is sus-
pended freely above it. And likewise
the Earth does not plunge into the

Figure 6. Various free orbits around a
celestial body. In accordance with the
laws of gravitational movement, a focal

sun’s molten sea for the simple rea-
son that it continuously orbits the sun
atan average velocity of approximately

pointof the orbit (the center in the case
of a circle) must always coincide with the
center of mass (center of gravity) of the

30,000 meters per second. As a result orbiting celestial body.

of the centrifugal force generated
during the orbit, the effect of the sun’s
gravity on the Earth is offset and,
therefore, we perceive nothing of its
existence. Compared to the sun, we are “weightless” in a “stable state of
suspension;” from a practical point of view, we have been “removed from
its gravitational effect.”

The shorter the distance from the attracting celestial body in which
this orbiting occurs, the stronger the effect of the attractive force at that
point. Because of this, the counteracting centrifugal force and conse-
quently the orbiting velocity must be correspondingly greater (because
the centrifugal force increases with the square of the orbiting velocity).
While, by way of example, an orbiting velocity of only about 1,000 meters
per second suffices at a distance of the Moon from the Earth, this veloc-
ity would have to attain the value of approximately 8,000 meters per
second for an object that is supposed to orbit near the Earth’s surface in
a suspended state (Figure 7).

Key: 1. Parabolic orbil; 2. Hyperbolic orbit;
3. Celestial body; 4. Elliptical orbit; 5. Civeu-
lar orbit



8 Maneuvering in the Gravitational Fields of Outer Space

In order to impart this velocity to an
object, that is, to bring it into a stable
state of suspension in relation to the
Earth in such a manner, and as a result
© ¢lwa 2000m je Sehunde to free it from the Earth’s gravity, an

amount of work of about 3,200 meter-
e tons per kilogram of weight is required.
(1]
Maneuvering in the
Gravitational Fields
of Outer Space

Figure 7. The orbiting velocity is that . ey Lo
g o B Y Two basic possibilities exist in order
much greater the closer the free or-

bit movement occurs to the center to escape the gravitational effect of the
of attraction. Earth or of another heavenly body:
rcaching the practical gravitational
boundary or transitioning into a free
orbit. Which possibility will be em-
ployed depends on the intended goals.

Thus, for example, in the case of
long-distance travel through outer space, it would generally depend on
maneuvering in such a fashion that those celestial bodies, in whose range
of attraction (gravitational field) the trip takes place, will be circled in a
free orbit suspended in space (that is, only in suspension without power
by a man-made force) if there is no intention to land on them. A longer
trip would consist, however, of parts of orbits of this nature (suspension
distances), with the transition from the gravitational field of one heav-
enly body into that of a neighboring one being caused generally by power
from a man-made force.

If we want to remain at any desired altitude above a celestial body
(e.g., the Earth) for a longer period, then we will continuously orbit that
body at an appropriate velocity in a free circular orbit, if possible, and,
therefore, remain over it in a stable state of suspension.

When ascending from the Earth or from another planet, we must fi-
nally strive either to attain the practical gravitational boundary and, as a
result, the “total separation” (when foregoing a stable state of suspen-
sion) or transitioning into a free orbit and as a result into the “stable
state of suspension” (when foregoing a total separation). Or, finally, we
do not intend for the vehicle continually to escape the gravitational ef-
fect when ascending at all, but are satisfied to raise it to a certain altitude
and to allow it to return immediately to Earth again after reaching this
altitude (ballistic trajectory).

Key: 1. Moon; 2. Approximately 1,000
meters per second; 3. Approximately
8,000 meters per second; 4. Farth
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In reality, these differing cases will naturally not always be rigorously
separated from one another, but frequently supplement one another.
The ascent, however, will always have to take place by power from a man-
made force and require a significant expenditure of energy, which—in
the case when an ascending object is also to escape from the gravita-
tional effect—for the Earth represents the enormous value of around
3,200 up to 6,400 meter-tons per kilogram of the load to be raised. Or—
which amounts to the same thing—it requires imparting the huge, in-
deed cosmic velocity of approximately 8,000 to 11,200 meters per sec-
ond, that is about 12 times the velocity of an artillery projectile!

The Armor Barrier of the Earth’s Atmosphere

Besides the force of gravity, the atmosphere, which many celestial
bodies have—naturally that of the Earth, in particular—also plays an
extremely important role for space travel. While the atmosphere is very
valuable for the landing, it, on the other hand, forms a particularly sig-
nificant obstacle for the ascent.

According to observations of falling
meteors and the northern lights phenom-
ena, the height of the entire atmosphere
of the Earth is estimated at several hun-
dred (perhaps 400} kilometers (Figure
8). Nevertheless, only in its deepest lay-
ers several kilometers above the Earth,
only on the “bottom of the sea of air” so_
to speak, does the air density exist that is
necessary for the existence of life on
Earth. For the air density decreases very
quickly with increasing altitude and is, by .

Figure 8. Assuming that the atmo-
wa?' of example, one-half as grea_t at an spherc is approximately 400 km
altitude of 5 km and only one-sixth as  pigh, the diagram shows its correct
great at an altitude of 15 km asitisatsea ratio to the Earth,
level (Figure 9).

This condition is of critical importance for the question of space travel
and is beneficial to it because, as is well known, air resists every moving
object. During an increasing velocity of motion, the resistance increases,
however, very rapidly, and more specifically, in a quadratic relationship.
Within the dense air layers near the Earth, it reaches such high values at
the extreme velocities considered for space travel that as a result the
amount of work necessary for overcoming the gravitational field during
ascent, as mentioned previously, is increased considerably and must also
be taken into consideration to a substantial degree when building the




10 The Highest Altitudes Reached to Date

vehicle. However, since the density of the air fortunately decreases rap-
idly with increasing altitude, its resistance also becomes smaller very
quickly and can as a result be maintained within acceptable limits. Nev-
ertheless, the atmosphere is a powerful obstacle during ascent for space
travel. It virtually forms an armored shield surrounding the Earth on all
sides. Later, we will get to know its importance for returning to Earth.

The Highest Altitudes Reached to Date

There has been no lack of attempts to reach the highest altitudes. Up
to the present, mankind has been able to reach an altitude of 11,800
meters in an airplane, 12,000 mcters in a free balloon, and 8,600 meters

N— Key: 1. Altitude in km;
E 2. Balloon probe 35 km;
@ (1) 3. Projectile of the German
& = long-range cannon; 4. Air-
— T i plane 8 km; 5. Free balloon
e Any — 12km; 6. Scale for the den-
— — sity of air at various alti-
—— € 3 tudes; 7. Normal density of
— = AP ;E: air above sea level
== =

.
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Figure 9. With increasing altitude, the density of air decreases extremely rapidly, as can
be seen from the curve drawn on the right and from the intensity of the shading.

on Mount Everest (Figure 9). So-called balloon probes have attained
even higher altitudes. They are unmanned rubber balloons that are sup-
posed to carry very lightweight recording devices as high as possible.
Since the air pressure decreases continually with increasing altitude, the
balloon expands more and more during the ascent until it finally bursts.
The recording devices attached to a parachute gradually fall, recording
automatically pressure, temperature and the humidity of the air. Bal-
loon probes of this type have been able to reach an altitude up to ap-
proximately 35 kilometers. Moreover, the projectiles of the famous Ger-
man long-range cannon, which fired on Paris, reached an altitude of
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approximately 40 kilometers. Nevertheless, what is all of this in compari-
son to the tremendous altitudes to which we would have to ascend in
order to reach into empty outer space or even to distant celestial bodies!

The Cannon Shot into Outer Space

It appears obvious when searching for the means to escape the shack-
les of the Earth to think of firing from a correspondingly powerful giant
cannon. This method would have to impart to the projectile the enor-
mous energy that it requires for overcom-
ing gravity and for going beyond the at- t
mosphere as a kinetic force, that is, in the @ £voder
form of velocity. This requires, however, SEDEL L
that the projectile must have already at-
tained a velocity of not less than around
12,000 meters per second when leaving the ]
ground if, besides the lifting energy, the @ Jruck 4 N’ ®
energy for overcoming air drag is also Pulvergast LY Irigheilsmidersiond
taken into account. R =

Even if the means of present day tech-
nology would allow a giant cannon of this
type to be built and to dare firing its pro-
jectile into space (as Professor H. Lorenz
in Danzig has verified, we in reality do not
currently have a propellant that would be ; wlverlodong
sufficiently powerful for this purpose)— ‘
the result of this effort would not compen- Figure 10. The Jules Verne giant
sate for the enormous amounts of money -~ firing at the Moon. The
required to this end.* At best, such an “ul- projectile is hollow and is designed
tra artillerist” would be able to boast about  for transporting human beings.
being the first one to accelerate an object The tube is embedded as a shaftin
from the Earth successfully or perhaps to ¢ ground.
have also fired at the Moon. Hardly any- Key: 1. Ground; 2. Pressure of the por-
thing more is gained by this because V- der gases; 3. Inertia of the projectile; 4.
erything, payload, recording devices, or  Puwder gases; 5. Powder charge

i

* Professor Hans Lorenz (1865-1940)—an expert on refrigeration, materials testing, and
ballistics who taught at the technical institute in Danzig at this time, published in the
Zeitschrift des Vereins Deutscher Ingenieure (periodical of the association of German engi-
neers, 71, #19 [May 1927]: 651-654, 1128) a refutation of Hermann Oberth's calculations
for space travel (see below). Oberth was able to demonstrate in Die Rakete (the rocket, the
periodical of the Society for Spaceship Travel, vol. 1, #11 [Nov. 15, 1927]: 144-152 and
#12 [Dec. 15, 1927]: 162-166; vol. 2, #6 [June 1928], 82-89) that Lorenz’s calculations
were false.



12 The Reactive Force

even passengers taken in this “projectile vehicle” during the trip, would
be transformed into mush in the first second, because no doubt only
solid steel would be able to withstand the enormous inertial pressure
acting upon all parts of the projectile during the time of the firing, dur-
ing which the projectile must be accelerated out of a state of rest to a
velocity of 12,000 meters per second within a period of only a few sec-
onds (Figure 10), completely ignoring the great heat occurring as a re-
sult of friction in the barrel of the cannon and especially in the atmo-
sphere to be penetrated.

The Reactive Force

This method is, for all practical purposes, not usable. The energy that
the space vehicle requires for overcoming gravity and air drag, as well as
for moving in empty
space, must be supplied
to it in another manner,
that is, by way of ex-
ample, bound in the
propellants carried on
board the vehicle during
the trip. Furthermore, a
propulsion motor must
also be available that al-
lows the propulsion
force during the flight to
change or even shut off,
to alter the direction of flight, and to work its way up gradually to those
high, almost cosmic velocities necessary for space flight without endan-
gering passengers or the payload.

But how do we achieve all of this? How is movement supposed to be
possible in the first place sinc