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Abstract

Celestial Visions: Imagining and Engineering Spaceflight in the United States, 1899-1969
Human space travel in the United States was the culmination of years of research, immense
technological progress, and enormous collaborative projects, particularly in the 1950s and 1960s. It
was also, as this thesis argues, a product of imagination—that is to say, a consequence of space
travel’s fictional and imaginative conceptions. Science fiction stories advanced precise articulations
of what spaceflight might be like and what its achievement would entail. Such tales inspired the
pioneers of astronautics in the late 19" and eatly 20” centuries to translate these interplanetary
fantasies into practical realities. In turn, these pioneers helped forge the nascent field of astronautics,
and inspired generations of enthusiasts and engineers whose later efforts constituted a foundation
upon which future developments were realized. In the American context, this process of
imagination, inspiration, and innovation culminated most visibly with the Apollo 11 Moon landing
in 1969. The origins of many of the ideational and technological antecedents to human space travel
were located in a dream of spaceflight, and conveyed through various, imaginative means, whether
fictional or extrapolative in nature. This dream, as I argue, led to meaningful technological
developments and progress, and produced a cultural environment in the United States that was
receptive to the advent of space travel. This thesis explores the rise and imaginative origins of
American rocketry in the early 20™ century, the development of large space boosters in the mid-20"
century, the flourishing of space media in popular culture during the 1950s, and the influence of
imaginative visual media, with a focus on the American science fiction space travel films of the
1950s and 1960s. By tracing the linkages binding sources of inspiration to their ultimate results,
whether they are technological innovations or cultural phenomena, this thesis maps out “threads of
imagination” that reveal the influence and effect of the cosmic imagination in the United States, and

how it helped bring about spaceflight.
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INTRODUCTION: AMIDST DREAMS, POSSIBILITY

Almost exactly two years before the first artificial satellite—the Soviet Union’s Sputnik—entered
orbit on 4 October 1957, German-born writer and space advocate Willy Ley penned an article for
the October 1955 issue of Galaxy Science Fiction Magazine. Appearing under his regular “For Your
Information” column, this article, entitled “The How of Space Travel,” mostly covered his
experiences working with Walt Disney Studios on their latest programming, a television series
dedicated to space travel that had premiered in 1955. In the article, Ley wove between discussing
how the series came about and the challenges of producing the show, and even explained some of
the basics of rocketry and spaceflight. Then, he concluded with an important thought: “prediction is
one of the causes of reality. That’s true of research. It’s also true of science fiction.”"

Science fiction is a broad genre brimming with numerous ideas.” The science fiction Ley
referred to would have been those dealing with the possibility of space travel, which had foretold
that humankind’s fate was to reach the stars. Cosmic fantasies of this kind had a long history, dating
back as far as the 2™ century, B.C.E.” Varieties of such tales, telling the voyages of explorers catried

to other planets and wotlds by imaginative means, appeared across the centuries,* but none took the

' Willy Ley, “For Your Information: The How of Space Travel,” Galaxy Science Fiction, October 1955, 71, accessed
August 16, 2021, https://archive.org/details /galaxymagazine-1955-10.

2 Though speaking specifically of science fiction film, M. Keith Booker calls science fiction “a genre of ideas,” an
assessment that rings true beyond film as well. See: M. Keith Booker, Alternate Americas: Science Fiction Film and American
Culture (Westport, Connecticut, and London: Praeger, 2006), 266. See also: William Sims Bainbridge, Dimensions of Science
Fiction (Cambridge, Massachusetts: Harvard University Press, 19806), 7, 156.

3 Frank H. Winter, Prelude to the Space Age: The Rocket Societies: 1924-1940 (City of Washington: Smithsonian Institution
Press, 1983), 19; Howard E. McCurdy, Space and the American Imagination, 2°4 ed (Baltimore: John Hopkins University
Press, 2011), 13; Frank H. Winter, Rockets into Space (Cambridge, Massachusetts and London, England: Harvard
University Press, 1990), 2.

4 See: McCurdy, Space and the American Imagination, 13; Winter, Prelude, 19; Winter, Rockets into Space, 2; Ron Miller,
“Spaceflight and Popular Culture,” in Societal Impact of Spaceflight, eds. Steven J. Dick and Roger D. Launius, (Washington,
D.C.: National Aeronautics and Space Administration, Office of External Relations, History Division, 2007), 502, 505-
500, https:/ /history.nasa.gov/sp4801.pdf; Tom D. Crouch, Aiming for the Stars: The Dreamers and Doers of the Space Age
(Washington and London: Smithsonian Institution Press, 1999), 22; Lea Gringé, “Science fiction works for the
development of the aerospace sector,” Space Policy 41 (August 2017): 43; Roger D. Launius, “Prelude to the Space Age,”
in Exploring the Unknown: Selected Documents in the History of the U.S. Civil Space Program, 1 olume 1: Organizing for Exploration,
eds. John M. Logsdon, Linda J. Lear, Janelle Warren-Findley, Ray A. Williamson, and Dwayne A. Day (Washington,
D.C.: NASA History Office, 1995), 3-4, https://history.nasa.gov/SP-4407 /voll /intro.pdf.
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idea of space travel as seriously as Jules Verne’s De /a Terre a la Lune (1865), and its sequel Awutour de
la Lune (1870), both of which demonstrated that spaceflight was to be attained through technology,
practical means, and an application of expertise.” Although Verne launched his explorers to the
Moon with a cannon, his imagination and scientific accuracy rendered a powerful idea—space travel
conld be trealized, but only if it was approached correctly.’

But how was imagination, research, and technological development bound together? What
value lay in prediction, where was it to be found, and how was it productive? How could
imaginative, fictional, or speculative materials bring about space travel? Looking at the pioneers and
prophets of astronautics reveals a part of the answer. Russian Konstantin E. Tsiolkovskii, German-
Romanian Hermann J. Oberth, and American Robert H. Goddard were among the first people in
the late 19" and early 20™ century to cogently articulate how space might be reached through
attainable technologies. Though they came to their conclusions independently, their interests in
space travel were the results of relying on a common source of inspiration—science fiction.
Tsiolkovskii and Oberth were both compelled to unravel the questions of spaceflight after reading
Verne’s space travel stories.” Goddard’s imagination was first ignited upon reading an adaptation of
H.G. Wells’ The War of the Worlds and astronomer Garret P. Serviss’ Edison’s Conguest of Mars in 1898,
and he constantly read stories penned by Wells and Verne throughout his life.® Tsiolkovskii, Oberth,
and Goddard then translated their inspirations into treatises, articles, and investigations which, for
the legions of engineers, innovators, publicists, and amateur rocketeers who sought to realize space

travel in the 20" century, supplied yet another source of inspiration. This pattern of imagination,

> Miller, “Spaceflight and Popular Culture,” 505-506; Launius, “Prelude to the Space Age,” 4.

6 Miller, “Spaceflight and Popular Culture,” 506.

7 McCurdy, Space and the American Imagination, 16; Walter A. McDougall, ...zhe Heavens and the Earth: A Political History of the
Space Age (New York: Basic Books, Inc., Publishers: 1985), 20; Winter, Prelude, 19; Winter, Rockets into Space, 7.

8 McCurdy, Space and the American Imagination, 16; McDougall, ...the Heavens and the Earth, 20; David A. Clary, Rocket Man:
Robert H. Goddard and the Birth of the Space Age New York: Hyperion, 2003), 15.



inspiration, and innovation then repeated in various forms and produced a meaningful impact on the
advent of spaceflight.
A SPACE FOR IMAGINATION

The main focus of this thesis, therefore, is to investigate the role of imagination, spaceflight
popularization, and materials of inspiration in the realization of spaceflight in the United States
between 1899 and 1969. 1899 marks the year in which Robert H. Goddard sought to realize space
travel, and 1969 saw humanity’s first sojourn on another celestial body with the Apollo 11 Moon
landing. The linkages between inspiration and their results constitute what I call “threads of
imagination,” and I trace them to reveal the connections binding inspiration and space travel,
imaginative works and the engineers of early astronautics, and the innovations they pioneered. While
the scope of this project is limited to the United States, a discussion of German technological
development in the eatly 20" century will be necessary as it relates directly to the rise of American
rocketry. It should therefore be noted that Russia also possesses a rich and complementary history
of robust technological development during the early 20* century. Spaceflight in Russia benefitted
greatly from work of the first significant pioneer of astronautics, Konstantin E. Tsiolkovskii, as well
as the efforts of enthusiasts, publicists, and engineers building on Tsiolkovskii’s work during the
early-to-mid 20" century.” Much of Tsiolkovskii’s work was unknown in the United States until at
least the 1930s, and though his contributions were important to the nascent spaceflight literature of
the early 20" century, it does not appear that his work significantly impacted American rocketry or
American spaceflight capability, even into the 1960s."” As this thesis is focused on uncovering

specific relationships between imagination and reality in regards to space travel and space travel

9 Launius, “Prelude to the Space Age,” 6.

10 Winter, Prelude, 22-23. See also: Frank H. Winter, “The Silent Revolution: How R.H. Goddard Helped Start the Space
Age,” (paper presented at the 55® International Astronautical Federation Congress, Vancouver, BC, Canada, October
2004), 6, 50; Winter, Rockets into Space, 12-13.



technology in the United States, a thorough discussion of Tsiolkovskii’s work falls outside of the
scope of this project."

While spaceflight in popular imaginings has been considered in Howard E. McCurdy’s Space
and the American Imagination, particularly its effects on specific individuals, public moods, and
American popular culture,” in addition to touching on these subjects, I seek to establish the tangible
effects of intangible ideas, charting out how inspiration gives way to purpose, and how individuals
and organizations carried forward their influences to create the sources, contexts, and apparatuses
that produced spaceflight. Connecting the direct and indirect impacts of imaginative works to their
respective results, whether they are innovations, inspired engineers, or emerging ideas, is a major
focus of this project.

It is important to remember, however, that technological development is generally nonlinear;
there has been no straightforward nor inevitable progression in the development of space
technology, and such progress is often subject to a variety of forces that may upend its progress at
any moment.” As historians Alexander C.T. Geppert and Steven J. Dick have argued, reaching
reality from imagination is not often a simple process, and care must be taken in making general
assumptions about the depth of imagination’s impact, as it often factors into a wider framework of

influences, factors, and forces necessary to spaceflight."* Largely upholding McCurdy’s argument

1 For more on Tsiolkovskii, and Russia and spaceflight, see: Asif A. Siddiqi, The Red Rockets” Glare: Spaceflight and the Soviet
Imagination, 1857-1957 (New York: Cambridge University Press, 2010); and James T. Andrews, Red Cosmos: K.E.
Tsiolkovskii, Grandfather of Soviet Rocketry (College Station: Texas A&M University Press, 2009); Winter, Pre/ude, ch. 5.

12 See, for example: McCurdy, Space and the American Imagination, chs. 1-3, 7, and the conclusion.

13 David A. Kirby, Lab Coats in Hollywood: Science, Scientists, and Cinema (Cambridge, Massachusetts: The MIT Press, 2010),
195.

14 Alexander C.T. Geppert, “European Astrofuturism, Cosmic Provincialism: Historicizing the Space Age,” in Imagining
Outer Space: Enropean Astroculture in the Twentieth Century, 24 ed., ed. Alexander C.T. Geppert (London, United Kingdom:
Palgrave Macmillan, 2018), 16; Steven J. Dick, “Space, Time and Aliens: The Role of Imagination in Outer Space,” in
Imagining Outer Space: Enrgpean Astroculture in the Twentieth Century, 2 ed., ed. Alexander C.T. Geppert (London, United
Kingdom: Palgrave Macmillan, 2018), 43-44.



that “[b]etween discovery and invention lay imagination,” this thesis provides examples of
imagination’s direct and indirect impacts on spaceflight, and when it led to meaningful progress."
SOURCES

I have relied on a number of books and articles—ranging from institutional histories,
histories of technology, biographies, and autobiographies—and a number of works of secondary
scholarship to consider the factors underlying technological progress and development, and public
attitudes and cultural change. These works provide insight into the overall sweep of the history of
spaceflight in the United States, which I have reframed to foreground how imagination, science
fiction, and space popularization have factored into the development of space travel.

My primary sources include newspaper articles, letters, and diary entries, gathered in Clark
University’s Robert H. Goddard Papers that provide insight into his influences and intentions, as
well as reactions to his work and experiments.'® Additionally, I have consulted the memoirs and
recollections of G. Edward Pendray, co-founder of the American Rocket Society, Frank J. Malina of
the GALCIT research team, and aerodynamicist Theodore von Karman who guided the GALCIT
group during the 1930s across a handful of published works. I have sourced government documents
and technological studies from the first volume of NASA’s Exploring the Unknown series, and relied
on the publications of spaceflight engineers, advocates, and popularizers to connect their ideas to a
series of influences as well as to contextualize their effects. Moreover, for Chapter Three, I have
analyzed a range of American space travel films from the 1950s and 1960s to demonstrate the ways

in which space travel has been popularized and depicted in popular and imaginative visual media.

15 McCutdy, Space and the American Imagination, 310. Aldiss and Wingrove write that “Symbolism always precedes actuality,
just as a belief in space travel preceded the space programmes. A concept must be visualized before it can be realized.”
See: Brian W. Aldiss and David Wingrove. Trillion Year Spree: The History of Science Fiction (New York: Atheneum, 1986),
221. Siddigi has also argued that, in the Russian context, imagination and engineering were deeply interwoven, and both
necessary to space exploration’s realization. See: Siddiqi, Red Rockets’” Glare, 8.

16 These collections are readily available online: Clark University, Robert Hutchings Goddard Library, online document
database, Robert H. Goddard Papers, https://database.goddard.microsearch.net/Home. Accessed July 28, 2020.
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CHAPTER OUTLINES

This thesis runs mostly chronologically from the origins of American rocketry to the
formation of NASA’s first human spaceflight missions and Apollo 11 Moon landing. Chapter One
investigates the foundations of American rocketry, examining how the technology was developed
and improved, and who undertook these projects and for what purposes. This chapter looks at the
first inspirations, work, and influence of American pioneer of astronautics, Robert H. Goddard; the
work of the American Interplanetary Society (later the American Rocket Society), a group of science
fiction fans who conducted amateur rocket experiments in the 1930s; the emergence of Reaction
Motors Incorporated in 1941, a professional manufacturer of rocket motors that emerged out of the
ranks of the ARS; and the efforts of the Guggenheim Aeronautical Laboratory, California Institute
of Technology (GALCIT) rocket research team who from 1936 made fundamental strides in
refining the practicality of rocket engine technology, leading to the formation of rocket motor
manufacturing firm Aerojet, the Jet Propulsion Laboratory (JPL), and innovations important for
later technological developments. The linkages between practical investigation and fantastical
imagination are underscored in this chapter.

Chapter Two considers rocketry developments during World War II, in the postwar era, and
during the Cold War. I examine the continued efforts of the JPL, the impact and effect of German
rocket enthusiasm and German rocket engineers, who were brought to the United States after the
Second World War, and the effects of popular media that flourished during the Space Age. This
chapter argues that threads of imagination are discernable throughout most of the main rocket
motors and technologies that made space travel possible. Although the role of imagination was
sometimes limited next to the geopolitical tensions of the Cold War, military rationales, and wartime
necessities, there were still significant examples of imagination’s influence on the technologies,

institutions, and individuals necessary to spaceflight.



Chapter Three focuses on spaceflight popularization, particularly as it was conducted in
terms of paintings and motion pictures—what I call “imaginative visual media.” This chapter builds
on analyses of the space artwork of Chesley Bonestell and considers how advocates were promoting
spaceflight to the American public in the 1950s—1960s, illustrating a visual parity in the aesthetic
language of space travel films, the artwork of Bonestell, and paintings of the American frontier. I
approach space travel film as a subgenre of science fiction cinema, emerging from and encapsulating
the prevailing attitudes of space travel advocates, meant to introduce audiences to space travel and
encourage them to support it. The ideas of eatly 20" century spaceflight enthusiasts remained
compelling premises for the popular media of the 1950s and 1960s, and they were couched in
frameworks and narratives that contextualized space travel as a project inherently compatible with
American values and ideals. America’s frontier myth, as this chapter argues, was extended in space
travel films, and I analyze the promises made by these cinematic visualizations of a nearing future.

While Chapter One and Two demonstrate how imagination and rocketry provided
possibilities, Chapter Three investigates how those possibilities were translated into promises and
considers their impacts alongside the factors that gave rise to an American human spaceflight
program. In the conclusion, I consider the impacts and limits of imagination, and argue that
imagination was a necessary and important, even foundational, force that helped make space travel
real.

Although it cannot be exhaustive, this project connects individuals, their inspirations, and
sources of imagination to a history of cumulative, successive, and often iterative developments, both
in technologies and ideas. From stories of moonshots by cannon and Martian invaders, to planetary
landscape paintings and magazine articles describing space stations and lunar bases, imaginative,
fictional, extrapolative, and popular expressions of space travel were necessary to its actualization.

Realities were hidden between such cosmic fantasies, and they supplied, amidst dreams, possibility.



1. THE THREADS OF IMAGINATION (1899-1945)

There was a cherry tree near the barn at Maple Hill, in Worcester, Massachusetts, the family home of
a teenager named Robert Hutchings Goddard. On a quiet Thursday afternoon, a little under two
weeks after his seventeenth birthday, Goddard set a ladder against the tree and ascended, a saw and
hatchet in hand to trim away the tree’s dead branches. Just as he was about to begin, he paused to
look out across the eastern fields beyond Maple Hill. The calm, warm afternoon seemed to hold
only infinite promise. Perched atop the cherry tree, Goddard gazed out into this image of autumnal
quietude, with the changing leaves of surrounding trees set against the azure ceiling of the sky. Then,
he wondered at a thought: from the meadows below, a device ascending infinitely into the sky,
beyond the atmosphere, and toward the heavens. Its destination, Goddard imagined, could be the
mysterious crimson continents of Mars. He saw it clearly. The craft of his mind’s eye went up and
disappeared behind the clouds, but its image lingered, as it would for the rest of his life."”

The day of these revelations, 19 October 1899, Goddard thereafter dubbed “Anniversary
Day,”"® a critical turning point in the life of the man who would one day be conferred titles such as
the “father of modern rocket propulsion,”"” the “father of American Rocketry”, or the more opulent

9520

moniker, “Father of the Space Age,”” among others.”» When Goddard recalled this experience some

17'The account in this paragraph has drawn on: Robert H. Goddard, “1927 and 1933: Material for an Autobiography,” in
The Papers of Robert H. Goddard, Volume 1: 1898-1924, eds. Esther C. Goddard and G. Edward Pendray (New York:
McGraw-Hill Book Company, 1970), 7-9; Robert H. Goddard, “Diary — 1899 — Handwritten,” diary entry, October 19,
1899, Robert H. Goddard Papers, Robert Hutchings Goddard Library, Clark University, Worcester Massachusetts,
accessed July 28, 2020, https://database.goddard.microsearch.net/Home; Esther C. Goddard and G. Edward Pendray,
eds. The Papers of Robert H. Goddard, 1 olume 1: 1898-1924 (New York: McGraw-Hill Book Company, 1970), 52n; Clary,
Rocket Man, 13-14.

18 Clary, Rocket Man, xix, 14; Goddard, “Material for an Autobiography,” 9n.

19 Eugene M. Emme, “Yesterday’s Dream ... Today’s Reality: A Biographical Sketch of the American Rocket Pioneer,
Ds. Robert H. Goddard,” The Air Power Historian 7, no. 4 (October 1960): 217.

20 Frank H. Winter, “Did the Germans learn from Goddard? An examination of whether the rocketry of R.H. Goddard
influenced German Pre-World War II missile development,” Acta Astronantica 127 (October—November 2016): 515; ].D.
Hunley, “The Enigma of Robert H. Goddard,” Technology and Culture 36, no. 2 (April 1995): 327.

2L Clary, Rocket Man, 45, 253.
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28 years later, he declared that “I was a different boy when I descended the tree from when I
ascended, for existence at last seemed very purposive.””

Significantly, Goddard’s vision of a device which might possess, as he put it, “even the
possibility of ascending to Mars,” came to him after reading science fiction.” He was inspired first by
a serialized adaptation of H.G. Wells’ The War of the Worlds, appearing in the Boston Post in January
1898 as Figbters from Mars, or the War of the Worlds, in and near Boston, and subsequently by its
commissioned sequel Edison’s Conquest of Mars written by astronomer Garrett P. Serviss.”* Impressed
by their realism, these tales, Goddard would write later, “gripped my imagination tremendously.
Wells’s wonderfully true psychology made the thing very vivid, and possible ways and means of
accomplishing the physical marvels set forth kept me busy thinking.”* By believing, as historian
John Cheng has put it, that “possibility’s purpose was its eventual realization,” Goddard would offer
a lifetime to realize those visions that stimulated his imagination, becoming an agent of the
spaceflight vision as he sought a way to make his dreams real.”

But before flight into space could be achieved, a means of getting there needed to be
developed, and it is that development that I address in this chapter. This chapter will show how
many early rocket technologies in the United States traced their development back to the dream of

spaceflight as furnished by imaginative works. However, despite science fiction’s influence in

stimulating these first efforts, by World War II, the dream had been overridden by the demands of

22 Goddard, “Material for an Autobiography,” 9.

23 Goddard, “Material for an Autobiography,” 9.

24 Sam Moskowitz, “Introduction: A History of Science Fiction in the Popular Magazines, 1891-1911,” in Science Fiction by
Gaslight: A History and Anthology of Science Fiction in the Popular Magazines, 1891-1911, ed. Sam Moskowitz (Cleveland and
New York: The World Publishing Company, 1968), 28; John Cheng, Astounding Wonder: Imagining Science and Science Fiction
in Interwar America (Philadelphia: University of Pennsylvania Press, 2012), 1; Alexander MacDonald, The Long Space Age:
The Economic Origins of Space Excploration from Colonial America to the Cold War (New Haven & London: Yale University
Press, 2017), 106-107.

25 Goddard, “Material for an Autobiography,” 7; see also MacDonald, The Long Space Age, 106-107.

26 Cheng, Astounding Wonder, 1; Clary, Rocket Man, 15.
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warfare, as rockets were increasingly developed as implements of combat and defense.” By the late
1930s, enthusiasm alone could not sustain rocket technology on a scale necessary to realize it as
adherents of the spaceflight dream had envisioned. The dream of space travel nonetheless remained
a key driver of American rocketry, as space travel enthusiasm undergirded many of the foundational
efforts underlying basic rocket development. Such enthusiasm and motivation, derived as they were
from a number of imaginative and inspirational works, preceded military demand and persisted even
as wartime needs superseded interplanetary ambitions. These ambitions burned brightly for many, as
they did for Robert Goddard.
ROBERT H. GODDARD’S ROCKET DREAMS

After his descent from the cherry tree, Goddard’s first course of action was to see if it was
possible to design the things his mind so vividly envisioned.” Experimenting fruitlessly with wooden
models in 1899, Goddard decided that it was “a knowledge of physics and mathematics,” as he later
wrote, that would enable him to discover a means of navigating space, and so enrolled in
Worcester’s new South High School in 1901.”” From 1901 to 1904, Goddard meditated on a variety
of topics, including spaceflight.”’ In 1901, for example, he wrote an essay entitled “The Navigation
of Space,” which he sent to Popular Science News in an effort to have it published.” Further, he
considered various means of propulsion for attaining flight into space, including gyroscopes and a

sort of machine gun device whose recoil action would generate lift.”* By 1904, not two months after

27 Williamson and Launius have written that: “by the beginning of World War II much of the [rocket] technology was
developed by government organizations as potential weapons.” Ray A. Williamson and Roger D. Launius, “Rocketry and
the Origins of Space Flight,” in To Reach the High Frontier: A History of U.S. Launch Vebicles, eds. Roger D. Launius and
Dennis R. Jenkins (Lexington, Kentucky: The University Press of Kentucky, 2002), 33, see also 42.

28 Clary, Rocket Man, 15.

2 Goddard, “Material for an Autobiography, 9-10, quote from 10; Clary, Rocker Man, 16-17; Hunley, “The Enigma of
Robert H. Goddard,” 333.

30 Clary, Rocket Man, 16-17.

31 Goddard, “Material for an Autobiography,” 10. The atticle was not accepted. See: Popular Science News to R.H.
Goddard, Worcester, January 2—4, 1902, in The Papers of Robert H. Goddard, 1 olume 1: 1898-1924, 58.

%2 Clary, Rocket Man, 17-18; Goddard, “Material for an Autobiography,” 11; Winter, Rockets into Space, 14.
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deciding spaceflight was impossible, he was writing complete and meticulous “suggestions” on the
possibilities of space travel in a seties of notebooks.” “The dream,” Goddard reflected later, “would
not ‘down’.”* All the while, he ensured that Anniversary Day was observed regulatly. His diary
shows that he made the journey up the cherty tree every October 19" from 1901 to 1903 at least.”

His spaceflight dream persisted and matured as he obtained his Bachelor of Science Degree
from Worcester Polytechnic Institute (WPI) in 1908, and his Master of Arts and Doctorate of
Philosophy in Physics simultaneously from Clark University in 1910-1911.% In 1907, for example, he
wrote for an English class a paper entitled “On the Possibility of Navigating Interplanetary Space,”
in which Goddard delineated various aspects of travelling and surviving in space.”” From 1908 on,
he was reaching beyond mere speculation and seeking a viable and practical means of getting into
space, beginning with serious contemplation over use of a reaction engine—a rocket—by 1909.”® On
9 February, he undertook his first expetiments with a “deflagrating substance” to these ends,” and
kept the fires of inspiration ablaze as he reread The War of the Worlds later that month.*

Goddard’s dreams were to find significant expression in his pursuits of the late 1910s and
the following decade. By 1913 he was on to working out the mathematical basis for rocket flight in
his spare time and began making patent applications for his designs, which were issued in 1914.*

Conducting more serious experiments by 1915, Goddard demonstrated that a rocket could provide

3 Goddard, “Material for an Autobiography,” 11, 13; Clary, Rocker Man, 19.

3 Goddard, “Material for an Autobiography,” 11.

% Goddatd, “Diary — 1900; 1901; 1902; 1903 — Handwritten,” diary entries, October 19, 1900; October 19, 1901;
October 19, 1902; October 19, 1903); Hunley, “The Enigma of Robert H. Goddard,” 333.

36 Clary, Rocket Man, 24, 277, Crouch, Aiming for the Stars, 32.

37 Clary, Rocket Man, 277; Crouch, Aiming for the Stars, 32.

3 Goddard, “Material for an Autobiography,” 13-14; Clary, Rocker Man, 23, 28; Hunley, “The Enigma of Robert H.
Goddard,” 335-336; Crouch, Aiming for the Stars, 32; Michael ]. Neufeld, Spaceflight: A Concise History (Cambridge,
Massachusetts: The MIT Press, 2018), 7; Winter, Rockets into Space, 16, 18.
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4 Clary, Rocket Man, 38-39, 44-45; Winter, “The Silent Revolution,” 4n4.



12

thrust in a vacuum, one of the single most important discoveries in rocketry, for it addressed the
misconception that such a thing was impossible and proved that the rocket was a possible means of
space travel, thereby introducing the wotld to the idea of the “space rocket.”* During this time, he
also read H.G. Wells’ The First Men in the Moon (1901),” and Jules Verne’s De la Terra a la Lune,**
perhaps to continuously stoke the fires of inspiration, as his labours were sustained by these potent
sources of inspiration.

Goddard found, however, that his work was subject to not only the technical realities of
actualization, but also financial ones. Despite working as a salaried assistant professor at Clark by
1915, Goddard sought more funds for his rocket labours, and wrote to the Smithsonian Institution
in 1916 with a proposal to develop an apparatus designed to reach high altitudes.* Satisfied by the
premise of his work, the Institution offered him $5000 in 1917, to be doled out in instalments, to
finance the construction of his rocket apparatus.* His work continued but ultimately bore little
fruit."” Following an interlude of well-funded rocketry work for the United States military during
World War I, building small single-charge rockets to be used as projectiles,* Goddard was urged on
by Dr. Arthur Gordon Webster of Clark University to publish on his rocket work.” Goddard

acquiesced, and in 1919 submitted to the Smithsonian a paper which contained the results of his

42 Goddard, “Material for an Autobiography,” 22; Winter, “Did the Germans learn from Goddard?,” 514; Clary, Rocket
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336-337; Neufeld, Spaceflight, 8; Frank H. Winter, The First Golden Age of Rocketry: Congreve and Hale Rockets of the Nineteenth
Century (Washington and London: Smithsonian Institution Press, 1990), 253; Winter, “The Silent Revolution,” 1, 48;
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4 Clary, Rocket Man, 56.
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4 Hunley, “The Enigma of Robert H. Goddard,” 334, 338.
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work over the years entitled “A Method of Reaching Extreme Altitudes,” which appeared in the
Smithsonian Miscellaneons Collections in January 1920 and included his proof regarding rockets operating
in a vacuum.” A foundational contribution to a nascent field, it was also, for the present, a piece
garnering great popular attention.”'

After the Smithsonian’s press release on the paper, the intense media reaction to what was
largely a dry technical disquisition of rocketry transformed Goddard into something of an unwitting
spaceflight popularizer in 1920.* A section of his paper entitled “CALCULATION OF MINIMUM MASS
REQUIRED TO RAISE ONE POUND TO AN ‘INFINITE’ ALTITUDE” considered the pOSSibﬂity of an
unmanned rocket ascending beyond the Earth’s atmosphere and continuing to an “infinite
distance.” To prove that it had, Goddard suggested that the rocket might carry an amount of flash
powder up to the Moon, whereupon it would be ignited so that watchers on Earth might be able to
observe it and therefore mark its ascent as successful.”* Goddard even went so far as to determine
the amounts of flash powder necessary as well as the best kind.” The press reacted almost
immediately. Numerous stories appeared on 12 January 1920, all with headlines claiming that a

rofessor was building a rocket to shoot to the Moon.>® Afterwards, a statement from Goddard
p g )

S Clary, Rocket Man, 88; Hunley, “The Enigma of Robert H. Goddard, 338.
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1920): 54. Reprinted as a facsimile in Robert H. Goddard, Rockets (New York: Dover Publications, Inc., 2002),
unabridged republication of work originally published in 1946 by the American Rocket Society, New York. Page
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appeared in a number of papers a week later, where he emphasized that “too much attention has
been concentrated on the proposed flash powder experiment, and too little on the exploration of the
atmosphere.””” Atmospheric exploration, he explained, needed to be cartied out first before
“[w]hatever interesting possibilities there may be of the method that has been proposed ... could be
undertaken.”® Then speculating on the possibilities of taking photographs in space, his statement
ended with the suggestion that a sum ranging from $50,000 to $100,000 raised by “popular
subscription” could prove useful to his work.”

What happened here was twofold: Goddard unintentionally popularized the notion of
spaceflight; and the media reaction and popular response indicated a level of general enthusiasm
over it.” The vivid reaction to the professor’s mere suggestion that a rocket could theoretically reach
the Moon saw numerous people volunteering to undertake a trip to the Moon or even Mars,
indicating not only enthusiasm for interplanetary flight but the profound influence of news of
Goddard’s work on the public, even if the press overexaggerated the spaceflight aims of the
professor.”’ Goddard’s purposes were not, perhaps, to widely disseminate the idea of interplanetary
travel—and indeed he may not have published anything at all but for Webster’s urging him along in
1919—but rather to contribute his knowledge to an emerging field and emphasize that such

technology, and its wider applications, were all practical and feasible. Proving this feasibility,

57 “Cannot Hit Moon with Rocket Yet,” Boston Post, January 19, 1920; “Goddard Rockets to Take Pictures,” The New
York Times, January 19, 1920; “Photographing in Space by Use of Rocket Suggested in Latest Word of Dr. Goddard,”
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however, created a short but considerable flurry of interest that would have long-term ramifications,
including helping to reinforce the idea of space rockets at home and abroad.”

Goddard, of course, was not averse to popularizing his work, and he did so by speaking to
newspapers to drum up support and funding for his efforts, and in the early 1920s, he travelled to
New England, New York, Chicago, and Washington, giving talks on his experiments and the
potential applications of rocketry.”’ Vying for popular and financial support, Goddard essentially
acted as publicist and popularizer to fulfill his own ambitions. These ambitions were the sole
products of the spaceflight vision—inspiration from science fiction. That Goddard would later write
to H.G. Wells in 1932 to express his appreciation for the author’s work, emphasizing the “deep
impression” it had left on him, underscored the profound and continuing effect of his influences.**

From inspiration came motivation; a motivation that produced ideas that spread into the
public’s consciousness. Goddard had demonstrated the feasibility of a rocket by backing it up with
experimental data, showing for the first time that a rocket could work in a vacuum, and thereby
proving that spaceflight rockets were possible.”” Space historian Frank H. Winter has even
considered this experiment “the true inception of the Space Age, West or East.”* Despite
skepticism and some erroneous criticism surrounding Goddard’s publication (an oft-cited example is

The New York Times claiming in 1920 that a rocket could #of provide thrust in a vacuum, for it would

92 Winter, “The Silent Revolution,” 20-23, 42-48. Winter has also outlined that “A Method” may have affected French
spaceflight pioneer Robert Esnault-Pelterie and his conceptions of spaceflight, which were then expounded upon in his
own work, thereby “extending” Goddard’s influence. Winter, “The Silent Revolution,” 29.
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C. Goddard and G. Edward Pendray (New York: McGraw-Hill Book Company, 1970), 821, 823.
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have nothing to react against),”” Goddard’s paper “gave new public credibility to spaceflight and to
rocketry as a way to get there.”® Despite the sensationalism, the feasibility of using rocket
propulsion to reach high altitudes and even achieve spaceflight meant interplanetary travel would
not be forever imprisoned in the realm of science fiction, but had a chance of becoming a reality.
More than just a herald or foreseer of
astronautics, Goddard was also one of its earliest
experimenters. He went on to launch the world’s first
liquid-fuel rocket, with the help of instrument maker
Henry Sachs and Clark University student Percy M.
Roope, on 16 March 1926 at the farm of ‘Aunt’ Effie
Ward in Auburn, Massachusetts, but he kept the details

of this flight quiet until 1936, and even then, he offered

little in the way of useful technical information in the
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paper that covered its flight.” A rocket crash on 17 July

Moon rocket celebrity stick, and also attracted the attention of a serious patron, famous aviator
Chatles A. Lindbergh.” With the help of Lindbergh, a true believer in Goddard’s work and a close

friend of Harry Guggenheim, scion of the wealthy Guggenheim family, the rocket professor
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received considerable funding from the Guggenheims ($100,000 over four years)”" whose interests
already revolved around fostering progress in aviation and pushing the technology forward.” The
Guggenheims had already established the Daniel and Florence Guggenheim Fund for the
Promotion of Aeronautics to support institutions like the Massachusetts Institute of Technology
(MIT) and the California Institute of Technology (Caltech), so while the Guggenheims may not have
been as enamored with the promises of Moon rockets as was Lindbergh, they were still interested in
advancing education and technology wherever possible, much to the advantage of Goddard’s rocket
ambitions.”

With these funds, the Goddards and their small rocket team relocated to Roswell, New
Mexico in 1930 where the rocket work continued but for a brief hiatus from 1932-1934.”* The
Goddards then relocated again to Annapolis, Maryland in 1942 after the professor, in search of
funding, made proposals to the Navy and Army Air Forces (AAF) to develop Jet Assisted Take-Off
(JATO) units as the American entry into World War II had encouraged more focused investigation
into rocket technology in the United States.” When Goddard started work for the Navy, the
spaceflight dream was consumed by perfecting the technology and by the demands of warfare.” His
rocket work there was to help improve combat aircraft, not produce spaceflight, and was much

divorced from his original ambitions conjured up by the “spell” cast by Wells’ writing.”’
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Goddard’s work continued until his death, and despite his considerable achievements, his
influence on the technology remained slim.”® As one of rocketry’s earliest experimenters, however,
he had anticipated a great deal of what was to come and helped spread the notion of space rockets
alongside other pioneers of spaceflight, so that the idea became woven into the fabric of the public
consciousness and gradually ingrained into popular culture.” A testament to his prescience, his many
innovations were ultimately reproduced or rediscovered independently of his influence, but his
unsystematic approaches to rocket development prevented him realizing his vision singlehandedly.*
However, his most important contributions—his vision of a space rocket, his proof that a rocket
could work in a vacuum, and his inspirational legacy—remained potent.®’ There were others engaged
in the work of Goddard’s dreams at the same time and would be in some ways indebted to his
visions. These American rocket enthusiasts, to which we now turn, drew on sources of imagination
similar to those that had inspired Goddard as they strove to set the foundations for future space
travel. Such was the case for the American Interplanetary Society (AIS), a group of science fiction
fans who set out make reality out of their dreams.

AMERICAN ENTHUSIASTS
On balance, American rocket and spaceflight enthusiasm centered first and foremost around

science fiction. The AIS was formed on 4 April 1930 in the apartment belonging to New York Herald

Tribune reporter and science fiction author G. Edward Pendray, and his wife, Leatrice May
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Gregory.” Nine of the twelve founding members of the AIS were contributors to Hugo
Gernsback’s pulp science fiction magazine of 1929, Science Wonder Stories; and the remaining three,
according to Winter, were most likely still science fiction aficionados.”’ Gernsback, who had put
together the world’s first science fiction magazine, Amazing Stories, in 1926, frequently featured space
travel tales among his other ‘scientifiction’ tales.* Moreover, Gernsback explained in a 1927 issue of
Amazing Stories that Goddard’s rocket apparatuses pointed the way to space travel and in 1929
published a translation of spaceflight prophet Hermann Noordung’s (a pseudonym for Austro-
Hungarian military officer Herman Potocnik) treatment of space travel, Das Problen der Befahrung des
Weltraums (The Problem of Space Navigation) (1929), in three parts in Science Wonder Stories.” Gernsback
sought not only to promote space travel,” but also to inspire and educate his readers, facilitating
their entry into technical professions and make reality of what was then only fantasy.”” As Mike
Ashley has written, of Gernsback’s earlier science fiction magazines, “Gernsback wanted fiction that
instructed and inspired. The inspiration was intended to make the reader creative or inventive.”* In
the very first issue of Amazing, Gernsback wrote that the tales within the magazine were not only

“interesting reading” but also instructive insofar as they “supply knowledge that we might not
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otherwise obtain.” Although Gernsback was ‘
also focused on selling magazines,” and the | SClel'lCQ ER

magazines at times abandoned instructive fiction OND 4
Stories

HUGO GE  Editor

for the escapist variant,” the establishment of
the AIS suggests that Gernsback’s endeavours
to inspire others to be inventive was successful,
especially where space travel was concerned.
Science fiction stories in the pulps had covered
everything from dimensional travel to ray guns,
extraterrestrial worlds to robots,” and yet what

emerged was a society organized around the

theme of interplanetary travel—spaceflight. The

founding members of the AIS were united by Figure 2. Illustrator Frank R. Paul’s cover for the August
1929 issue of Science Wonder Stories, featuring Noordung’s

hei . 1 this th h space station. Frank R. Paul, cover illustration, Science
their common interest in this theme and the Wonder Stories, August 1929, ed. Hugo Gernsback.

primary desire to see if fiction could be translated into reality,” perhaps taking to heart Amazing's
motto: “Extravagant Fiction Today...Cold Fact Tomorrow.””* The formation of the AIS indicated
the power of imaginative works in inspiring action and how effectively ideas may be carried and
spread by popular works, fictional or otherwise.

From the onset, the AIS campaigned to popularize and encourage support for their

spaceflight visions, to entreat others to join the cause, and to generate an expectation for the advent
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of spaceflight.”” Among their first efforts was a mimeographed newsletter, The Bulletin of The American
Interplanetary Society, which appeared in June 1930.” The first issue’s introduction outlined how the
AIS’s “principal aims” included “the promotion of interest in interplanetary exploration and travel,
and the mutual enlightenment of its members concerning the problems involved.””’ The Bulletin, as
part of this effort, regularly surveyed information and published material dealing with spaceflight,
including speculative articles, and information on European experiments as well as developments in
the United States, like the work of Robert Goddard.” According to Winter, “[{Goddard’s] name
became the most often cited in The Bulletin and its successors, The Journal of the American Rocket Society,
and Astronantics.””” Despite Goddard’s unwillingness to engage with the society on a meaningful level
no matter the attempts to win his involvement,"" his efforts comprised an important influence on
the society. By 1930, his experiments would have been well-known, especially after the Moon rocket
sensationalism of 1920 and its follow-up in 1929, and these, combined with knowledge of European
experiments, may have signalled to the members of the AIS that the contents of Gernsback’s pulps
and their interplanetary tales might become real if a concerted effort to realize spaceflight were
made. The Society, as Pendray would write in 1963, “was born in that wave of Goddard-engendered
enthusiasm.”'"" Moreover, Winter has found that on account of works such as Goddard’s “A
Method”, Oberth’s 1923 treatise on spaceflight Die Rakete zu den Planetenriumen (The Rocket into

Interplanetary Space), and other popular works concerning space travel, “space fiction” stories
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thereafter featured rockets more prominently as a means of space travel than it had before 1920,
where only five such stories with reaction propulsion as a principal means of travel existed.'” The
application of a rocket to space travel was a key contribution of the pioneers like Goddard,'” and it
was this that AIS co-founder and Science Wonder Stories editor David Lasser responded to most
strongly." Inspired by these tales and the possibilities proffered by the pioneers, the AIS was
encouraged to popularize spaceflight to foster an astronautical movement in the United States,
thereby building upon dreams and providing new ones for others.

The AIS campaigned for space travel in the 1930s in various ways. Beyond asking Goddard
to support the AIS, the society sent out cards to various universities and institutions, offering
subscriptions to the Bulletin along with invitations to inquire about becoming a member, which
attracted some modest interest."”> Additionally, the Society held bimonthly meetings and lectures at
the American Museum of Natural History, and kept in touch with spaceflight popularizer Willy Ley
of the German spaceflight group, Verein fiir Raumschiffahrt (VR), established in 1927, who
informed them of their efforts and the establishment of the Raketenflugplatz, a proving ground for
testing and flying the VfR’s rockets."”” One of the AIS’s meetings scheduled for 28 January 1931 also
raised more general interest for it was to be attended by France’s spaceflight prophet Robert
Esnault-Pelterie, and feature the first American showing of the German, UFA-produced motion

picture Fran im Mond (dir. Fritz Lang, 1929), the first realistic depiction of spaceflight on film."” The
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museum expressed some consternation over the potential turnout, as the Society publicized the free

event widely, encouraging people to attend.'”

On account of illness, Esnault-Pelterie was unable to
attend the meeting, for which two thousand people had arrived, necessitating a repeat program for
those attendees lined up outside the museum for hours.'” As a popularization effort, the meeting
was very successful. At the same time, however, as Cheng as written, “audiences took what they
wanted from the meeting,” for they were responding to the exciting promise of interplanetary travel,
the celebrity of the involved scientists (like Ensault-Pelterie), and the promise of a great adventure—
but the “adventure of practicing science” was different than the interplanetary promise.' By this
point, the AIS had also garnered considerable interest from around the country and elsewhere,
which resulted in numerous inquities but returned relatively few active, paying memberships.""
Ultimately, popular interest does not always translate into popular support. The lack of support from
specialists and professionals in the field, but for a few exceptions, also underscored some of the
skepticism surrounding the interplanetary aims of the AIS, and spaceflight more broadly."*

The interest in the AIS was still considerable, and the result of the group’s various
popularization efforts and campaigns in the early 1930s. Lasser, for example, completed a book
entitled The Conguest of Space in 1931, a serious treatment of spaceflight and rocketry meant to be
educational and for public consumption which presented space travel as a feasible and realizable
aim.'” At the same time, the Society took advantage of its pulp fiction roots, publishing letters in

Amazing Stories, Wonder Stories, and Astounding Stories of Super Science, entreating readers to join the AIS
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and to make the fiction they read reality.'"* The AIS also broadcast themselves further when Pendray
appeared on a number of radio shows in 1932, where he discussed space travel and rockets.'” The
Society’s efforts were extensive and successful in attracting enthusiasm, and they strove to not only
educate the public and disseminate the idea of spaceflight, but also to fill their ranks."® As Winter
has written, “every convert was progress, and the more widespread the idea, the greater the chances
were of raising the necessary astronomical capital.”'!” At this juncture, we may extend Winter’s usage
of the term “capital” here to encompass both the financial and social varieties. The Society sought
memberships to generate revenue, as fees were its primary source of funds, to support their
activities.'"® Additionally, as the AIS was chiefly composed of “the fantasizers and publicists,” they
sought to attract more professionals and specialists, and their expertise, to assist them in furthering
their goal of contributing to spaceflight.'"”

To these ends, AIS vice-president Pendray had been assigned to help establish a research
program, and without being able to rely on Goddard’s work, for “members of the Society,” Pendray
wrote later, “could learn almost nothing about the technical details of his work,”"* he turned to
developments overseas.'” Touring Europe with the purpose of seeing “what some of the European
expetimenters were doing,”'* Mr. and Mrs. Pendray eventually met Willy Ley in Berlin where they

witnessed what they believed was the first liquid-fuel rocket flight at the V{R’s Raketenflugplatz in

the summer of 1931.'” Unaware of Goddard’s 1926 rocket launch, Pendray’s report inspired

14 Cheng, Astounding Wonder, 261-262.

1S McCurdy, Space and the American Imagination, 37; Winter, Prelude, 76; Cheng, Astounding Wonder, 260-261.

116 Winter, Prelude, 14-15, 80; Cheng, Astounding Wonder, 281-284.

17 Winter, Prelude, 75.

18 Winter, Prelude, 74; Cheng, Astounding Wonder, 282.

19 Winter, Prelude, 76-78, quote from 76.

120 G. Edward Pendray, “Early Rocket Developments of the American Rocket Society,” in First Steps Toward Space:
Proceedings of the First and Second History Symposia of the International Academy of Astronauntics at Belgrade, Yugoslavia, 26 Septentber
1967, and New York, U.S.A., 16 October 1968, eds. Frederick C. Durant III and George S. James (City of Washington:
Smithsonian Institution press, 1974), 141.

121 Pendray, “Early Rocket Developments,” 141; Pendray, “Pioneer Rocket Development,” 388.

122 Pendray, “Early Rocket Developments,” 141.

125 Pendray, “Early Rocket Developments,” 141; Winter, Prelude, 77-78.



25

members of the society to press on with rocket experiments, including later president of the AIS,
Hugh Franklin Pierce, who subsequently “proposed that the Society delay no longer the beginning
of its own experimental program,” as Pendray recounted later.'**

That the necessary technology—the rocket—had to be built fostered in the AIS the same
transmutation of the spaceflight dream that affected Goddard, trading the dream of spaceflight for a
focus on the technology necessary to achieve it.'"” On 6 April 1934, The American Interplanetary
Society also became the American Rocket Society (ARS) as a reflection of their evolving aims and in
pursuit of respectability.'” Their sources of inspiration, however, remained rooted in works of
imagination, doubly so when considering the influence of the VIR. The V{R, as will be discussed in
Chapter Two, was a by-product of widespread rocket enthusiasm in Germany, a result of Hermann
Oberth’s 1923 book, popular rocket stunts, development efforts, and popularization.””” That Oberth
himself was first inspired by the writing of Jules Verne reveals a thread of imagination binding these
imaginative origins to the AIS’s practical experimentation in the 1930s."® As sources of imagination
and inspiration were translated into actionable goals through a variety of means, the meeting of
these products of imagination and enthusiast experimentation laid inroads to innovation.

The American Interplanetary Society thus embarked on a series of rocket experiments from
1931 to 1941 which represented, as Cheng has put it, “popular rocket science in action.”'” The

Society’s experiments resulted in a couple of successful flights after initial attempts and testing, those
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of the ARS Rockets No. 2 and No. 4, built and launched in 1933 and 1934, respectively.”” During
this experimental phase, the Society was offering more than just a spaceflight dream, but also either
an attractive engineering challenge or, at the very least, a means of escape, leisure, or fun.”" Winter
shows that the AIS attracted two such individuals who were not necessarily enraptured by a vision
of conquering the stars, “itinerant handyman” Bernard Smith and mechanical engineer Alfred
Affricano.” Smith, seeking work and a sort of escape during the Depression, figured that building a
spaceship was the best way off the planet where his fortunes had been poor.'” Afticano, on the
other hand, sought to maintain his mechanical engineering skills as he could only find work as a civil
engineer during this period."* Science fiction enthusiasm and interplanetary ambitions were not the
only means by which rocketry might be developed; there were other motivations embedded in such
pursuits that extended beyond the influence of an interplanetary dream."” While the efforts of the
AIS/ARS did not produce interplanetary travel alone, one of its more significant contributions to
astronautics was its provision of an arena wherein engineers and enthusiasts could organize, work,
and innovate, thereby setting foundations upon which others could build.
PROFESSIONAL ROCKETEERS

This arena helped foster the development of the first American-made motor to apply
regenerative cooling to the combustion chamber, designed by James Hart Wyld."” Such a method of
cooling would allow a liquid rocket to fire reliably for longer, and could enable a motor to serve the

urposes of improved aeronautical or astronautical performance.’”” Mechanical engineer Wyld
purp p p g y
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joined the ARS in 1935 after reading of the group in a magazine article, and turned his attention to
the Society’s rocket experiments after an ARS static motor test on 20 October 1935, his fascination
with spaceflight stoked by Lasset’s book, Conguest of Space.”® Interested in the idea of the
regenerative engine, Wyld surveyed various writings on rocket motor cooling, before encountering
the work of Austrian spaceflight pioneer, Eugen Singer, when translating one of Singer’s articles for
Peter van Dresser, editor of the ARS’s Astronantics.”” Notably, both German science fiction writer
Kurd LaBwitz’s 1897 novel Auf Zwei Planeten (On Two Planets), and then later Oberth’s Die Rakete, had
inspired Eugen Singer to consider the possibilities of practical spaceflight in the early 1920s.'*’ By
1926, Singer was designing rocket planes and by the 1930s, he was experimenting with
regeneratively cooled motors.'' By 1934, Singer had obtained successful results, published a book,
Raketenflugtechnik (Rocket Flight Engineering) in 1933, and a number of articles thereafter.'*” Inspired by
Singer’s ideas of cooling, Wyld developed a regeneratively-cooled rocket motor of his own design

whose success in 1938'* encouraged Wyld, civil engineer John Shesta, machinist Hugh F. Pierce,
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and electronics engineer Lovell Lawrence of the ARS to form RMI and take on Navy contracts to
develop JATO units for the war effort in the early 1940s.'*

By the late 1930s, the Navy and Army had become interested in the capacity of rockets to
assist heavily loaded aircraft in taking off, shortening takeoff distances, and increasing the speeds of
fighter planes, and so turned their attention to rocketry and the development of jet-assisted take-off
(JATO) units."” Under contract to the Navy following the attack on Pearl Harbor, RMI built the
XLR-11, (also known as the 6000C-4 or “Black Betsy”),"** as based on Wyld’s small engine design,
which made possible not only the world’s first supersonic flight of 14 October 1947, but was also
modified by 1946 to become the XILLR-35-RM-1, serving as the powerplant for the MX-774B
project, the precursor to the United States’ first Intercontinental Ballistic Missile (ICBM), the
Atlas."" RMD’s innovations would be later adapted to develop the powerplant for North American
Aviation’s hypersonic research aircraft, the X—15, and further developments informed aspects of
engine construction for Jupiter, Viking, Atlas, Titan, and Saturn rockets in the 1950s and 1960s.'*
Although many of these developments occurred independently of their influence, the founding
members of RMI had come from the ranks of the AIS/ARS and this rocket engine traced its lineage

back to imaginative origins. The developments it fostered thereby constituted, at least in part,

expressions of imagination’s effect.

144 Winter, Prelude, 85; Winter, ““Black Betsy’ Part 1,” 283-284, also cited by Kerstein and Matko, “Eugen Singer,” 1087;
Pendray, “Early Rocket Developments,” 148-149; Cheng, Astounding Wonder, 296-298; Heppenheimer, Countdown, 35-36;
Winter, “Bringing up Betsy,” 77-80.

195 Winter, “Bringing up Betsy,” 82; Gruntman, Blazing the Trail, 174; Winter, Prelude, 85; Frank H. Winter, ““Black Betsy’
Part 1,7 284.

146 Winter, ““Black Betsy’ Part 1,” 294, 297.

147 Winter, Prelude, 85; Winter, “Bringing up Betsy,” 77; Frank H. Winter, ““Black Betsy’: The 6000C-4 Rocket Engine,
1945-1989. Part I1,” Acta Astronautica 32, no. 4 (April 1994): 309 (hereafter cited as ““Black Betsy’ Part IT””); Cheng,
Astounding Wonder, 307; Winter, Rockets into Space, 40; Christopher Gainor, “The Atlas and the Air Force: Reassessing the
Beginnings of America’s First Intercontinental Ballistic Missile,” Technology and Culture 54, no. 2 (April 2013): 350-351;
Kerstein and Matko, “Fugen Singer,” 1087; Hunley, Propulsion Technology, 112; Winter, “Black Betsy’ Part 1, 283.

148 Hunley, Propulsion Technology, 21; Winter, “Black Betsy’ Part 11, 312-313; Heppenheimer, Countdown, 37; Cheng,
Astounding Wonder, 307.



29

While the dream of spaceflight set the stage for RMI’s engine, it did not fully sustain it.
Besides serving JATO units, RMI’s engine was chiefly employed as a powerplant for experimental
research aircraft, designed to reach supersonic and hypersonic speeds. The interest in and adoption
of “jet” propulsion by the United States had originally been in response to European advances and
an incoming war, spurring investigation into jet engines by the Army Air Forces and later the
National Advisory Committee for Aeronautics (NACA) laboratories as a matter of improving
combat aircraft in the late 1930s."” The development of supersonic aircraft, like the X1, to address
issues encountered by high-speed fighter planes was similarly a matter of aeronautics.” Most NACA
engineers had little interest in achieving spaceflight, as James R. Hansen has argued."" Interest in
rocketry stemmed from a desire to stay on the cutting-edge of the technology, as was the case with
the rocket team of the Lewis Flight Propulsion Laboratory in Cleveland, Ohio in 1941, and
enthusiasm there was seemingly restricted to the technology alone."” Even when the Langley
Aeronautical Laboratory of the NACA turned its attention to hypersonic research to aid the
development of long-range missiles, its purposes were purely in service of practical military needs.'”
Indeed, the government’s primary interest in rocketry was typically in terms of weaponry and
combat capacity in WWIL'"** Moreover, as RMI expanded to become the United States’ foremost

rocket manufacturer during the war, going from four members to 55 employees in 1945, then 473 by
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1947, it is unlikely that all employees shared an interplanetary dream considering the wartime
context in which RMI was operating,.

RMT’s contributions toward postwar experimental aircraft, especially the X-15, would,
however, have some long-term ramifications for spaceflight. Furthermore, the X-15, whose
development began in 1955 as part of the NACA’s hypersonic research, had some debts to the
threads of imagination as well, for it was designed by relying on the work of Eugen Singer and his
wife Irene Singer-Bredt.”® Employing versions of RMI’s XILR-11 motor until the XLLR-99 was
prepared, this aircraft would test reaction controls in space, advance re-entry technologies for
spaceflight, test materials later used on the Saturn V rocket—the very same that would take
astronauts to the Moon—and point the way to space shuttles."””” Though the involvement of
thousands of other specialists, engineers and decisionmakers in these later efforts in some ways
outweighed the specific influence of the AIS/ARS, RMI, and their inspirations, there existed,
nonetheless, threads that ran back to science fiction pulps, spaceflight popularization, and
interplanetary enthusiasm.

ENTHUSIASM, PRACTICALITY, AND MILITARY FUNDING

Taking the technology seriously and removing it from the realms of fantasy, as RMI did,

would be a significant project in building America’s capacity to engineer rockets, a project extending

beyond mechanical or technological aspects, and fostering psychological distance from fiction and
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fantasy. This was especially the case for the GALCIT rocket research group, who later formed JPL
and made significant leaps in rocketry, both in terms of technological achievement and helping to
reduce the skepticism surrounding it. Clayton R. Koppes has written that the advances made by the
GALCIT group during WWII “played an important role in converting rocketry from science fiction
into respectable science and engineeting.”'*® Their example also shows how influences including but
not limited to the spaceflight dream could produce the means to realize it.

This rocket research project came together in 1936 at the California Institute of Technology
(Caltech). It started with Caltech graduate student Frank J. Malina, whose mind turned to
considering other and more advanced means of propulsion while working on a master’s thesis
focused on aircraft propellers in the mid-1930s."”” Though Koppes has pointed out that Malina was
not in possession of an overwhelming sense of “space exploration destiny,”'” Malina has reflected
that Verne’s De la Terre a la Lune, which he read when he was 12 years old, first interested in
spaceflight, and a paper written for an English course at Texas A&M College in 1933, wherein
Malina briefly considers interplanetary travel, suggests the topic was not far from his mind years
later.'” Then, in 1935, Malina attended a seminar lecture at which Caltech graduate assistant William
Bollay gave a talk on the possibilities of rocket propulsion, notably drawing on the work of Eugen
Singer.'” Bollay’s review helped transform Malina’s interests into a motivating force as Malina

decided to pursue the topic of rocketry for his doctoral dissertation after the lecture.'” His
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professors, however, advised against this. Clark Millikan suggested he instead find work in industry;
and astronomer Fritz Zwicky recapitulated that a rocket could not work in a vacuum.'* Goddard’s
gospel had apparently not gone very far or sunk very deep. Malina then turned to Hungarian
aerodynamicist Theodore von Karman, recent émigré from Germany, whose interests in pushing the
boundaries of flight and reputation for appreciating the unconventional made him seem a suitable
supervisor for a project as unusual as rocketry.'” Even despite the work of the pioneers, both
Malina and von Karman have pointed out that rocketry and its literature was still very much
considered to be the stuff of science fiction.'* The distance between theory and practice was still so
great that the development of a rocket engine in the mid-1930s still smacked of fantasy and fostered
only skepticism within academic and bureaucratic circles.'”” Fortunately, Malina was not alone. He
went to von Karman with two individuals unattached to Caltech, self-taught chemist John W.
Parsons and mechanic Edward S. Forman, both of whom were spaceflight enthusiasts, keenly
followed the work of the rocket societies at home and abroad, and dedicated readers of science
fiction, with Parsons especially being a fan of Amazing Stories."*® Their efforts in rocketry had been
thus far crude, but after having read of Bollay’s lecture in a Pasadena newspaper, they arrived at
Caltech hoping to find help in making their dreams a reality.'” With the moral support of Caltech

president Robert A. Millikan and Irving P. Krick, head of meteorological research and instruction,

164 Malina, “Rocket Research Project,” 115; Koppes, JPL, 3; Crouch, Aiming for the Stars, 95; Frank J. Malina, “The U.S.
Army Air Corps Jet Propulsion Research Project, GALCIT Project no. 1, 1939-1946: A Memoir,” 1969, in Essays on the
History of Rocketry and Astronantics: Proceedings of the Third Through the Sixth History Symposia of the International Acadenry of
Astronantics, Volume 2, ed. R. Cargill Hall (Washington, D.C.: NASA Scientific and Technical Information Office, 2014),
159, https://ntrs.nasa.gov/citations /19770026104 (hereafter cited as Malina, “A Memoir.”). Also cited by Dawson, Ideas
into Hardware, 6.

165> Malina, “Rocket Research Project,” 115; Koppes, JPL, 2; Gorn, The Universal Man, 75; Crouch, Aiming for the Stars, 95
166 Malina, “Rocket Research Project,” 114; Malina, “Origins,” 47; Koppes, JPL, 1; Crouch, Aiming for the Stars, 41.

167 Von Karman with Edson, The Wind and Beyond, 238; Malina, “Rocket Research Project,” 114; Malina, “Origins,” 47;
Koppes, JPL, 2.

168 George Pendle, Strange Angel: The Otherworldly Life of Rocket Scientist John Whiteside Parsons (Otlando: Hartcourt, Inc.,
2005), 35-37, 46, 54-55, 65-66; Malina, “GALCIT,” 113-114; Koppes, JPL, 3; Von Karman with Edson, The Wind and
Beyond, 235; Crouch, Aiming for the Stars, 93.

169 Malina, “Rocket Research Project,” 113-114; Malina, “Origins,” 47; Koppes, JPL, 3; Pendle, Strange Angel, 74-75;
Gorn, The Universal Man, 75.



https://ntrs.nasa.gov/citations/19770026104

33

and a receptive von Karman who approved the project, work, unfunded as it would be, began
toward building a sounding rocket meant to explore the upper regions of the atmosphere.'”

Importantly, von Karmén was not affected by a spaceflight dream."”" His interests had been
in aviation, and his fascination with rocketry and its possibilities, while serious, was not of the same
stock as that of the spaceflight enthusiasts.'” As a result, he guided the rocket research team to
address their project systematically, and with an emphasis on theory and understanding the basic
principles underlying their efforts.'” Despite reviewing the work of Goddard, Oberth, Tsiolkovskii,
Esnault-Pelterie and even the ARS, the Caltech team determined that building sounding rockets to
reach altitudes than higher than that achievable by balloons was impossible without sound
theoretical knowledge, and that static engine tests should be conducted first to gain an
understanding of the technology.'” While the enthusiasts Parsons and Forman, and even Malina,
wanted to get to launching rockets, they agreed to undertake a slower, more methodical approach—
one that led to greater success down the line.'”” The GACLIT team sought to push the boundaries
of technology, and so while the spaceflight dream had to be tempered as a result, it had nonetheless
exerted a significant influence. From the profound effect of Bollay’s review of Singet’s work,'™
work whose origins can be traced back to inspirational science fiction and spaceflight enthusiasm, to
the very same sorts of interests affecting the first GALCIT members, imagination and the

spaceflight dream had a central role to play in the group’s formation and early efforts.
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This dream may have had an even larger effect had Robert Goddard, agent of the spaceflight
vision, assisted the GALCIT group in the 1930s. In 1936, for example, Robert Millikan arranged a
meeting between Malina and Goddard, and despite a cordial meeting, Goddard was unwilling to
divulge much about his work, referring Malina to his 1936 publication which carried little useful
information.'”” Goddard later wrote to Robert Millikan to say that giving up information on his life’s
work for a student’s thesis was impossible.'” Goddard’s unwillingness to engage with the ARS and
now the Caltech rocket project also reveals the unfulfilled potential of his work and his influence.
Even despite Harry Guggenheim’s later efforts to arrange a cooperative endeavour among the
NACA, Clark Millikan, von Karman, and Goddard in 1938, the latter’s refusal to give up his secrets
precluded further and deeper involvement and cut off any mutually beneficial information exchange
between the others and himself."” Von Karman later suggested that because of Goddard’s solitary
approach to rocketry, “there is no direct line from Goddard to present-day rocketry. He is on a
branch that died.”"® Beyond his inspirational effect and undeniable achievements, a further
expression of his spaceflight dream remained closed off from flourishing because of his hesitancy to
cooperate with others outside his inner circle.”® The first engineers of the Space Age would thus go
forward without the professor’s aid.

After the Caltech rocket team pooled their personal funds to finance their work, conducted
tests and endured failures, their project was finally seeing success, with a motor running for 15
seconds without failure on 28 November 19306, and then 44 seconds on 16 January 1937 at Arroyo

Seco.'™ By this time, other graduate students had been inspired to join the project, perhaps for the
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same reasons some members of the ARS joined a rocket project: because it offered a unique and
fascinating challenge unlike any other. These students were Apollo Milton Olin Smith, and research
engineer and mathematician Hsue-Shen Tsien, who joined the team in 1936 and 1937,
respectively.'® Experiments continued at Caltech when von Kirméan approved small motor tests on
campus after reading Smith and Malina’s encouraging report “Flight Analysis of the Sounding
Rocket,” which was later published in the Journal of the Aeronantical Sciences and won the attention of
the press.® Additionally, after Malina gave a seminar on the team’s first year of work in April,
graduate student Weld Arnold found himself so interested in the project that he offered to join in
with a contribution of a much-needed $1000 toward the efforts of the team.'®

The rocket research project, however, would need further support if it was to flourish.
Koppes has pointed out that even despite some of the group’s better results with a motor running
for more than a minute in May 1938, the “project drifted into the doldrums” after Smith left for
Douglas Aircraft, Arnold dropped out, and Tsien turned his focus to his Ph.D."® While their work
had interested the Consolidated Aircraft Company of San Diego, who asked GALCIT for advice
regarding rocket-assisted take-off units for aircraft in 1938," serious interest would come from the
commanding general of the Army Air Corps, Henry H. Arnold, who visited Caltech often to see his
friend Robert Millikan and had been introduced to von Karman in 1935."® With war on the horizon,
Arnold made a “surprise visit” in 1938, with an eye toward the military applications of GALCIT’s

work, and it was then that he was shown the rocket work brewing at Caltech.'”
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This visit produced the kind of support that led to a considerable expansion of the rocket
project, resulting in enterprises such as Aerojet, a JATO firm like RMI, and the Jet Propulsion
Laboratory. With General Arnold’s interest in GALCIT’s rocket work, Malina presented findings
before the National Academy of Sciences (NAS) Committee on Army Air Corps Research who were
looking at a variety of air power projects, including JATO at the General’s behest."” Following
Malina’s presentation, the Academy accepted von Karman’s offer to take on the investigation of
JATO with the GALCIT rocket research group in 1939."”" Jerome Hunsaker, head of the
Guggenheim Aeronautics Department at MIT, jested that while he would take on the project of de-
icing aircraft windshields, von Karman could have “the Buck Rogers job.”"”* As von Karman and
Malina later reflected, this was indicative in part of the general skepticism that still surrounded
rocketry.'” Malina and von Karman, for example, effaced the word “rocket” from their reports and
vocabulary altogether, favouring “jet” instead to dodge the former’s negative associations with the
unserious stuff of interplanetary romps and science fiction pulps.””* Even when the NAS committee
granted $10,000 for the investigations into JATO in 1939, Major Benjamin Chidlaw still asked von
Karman if the army should really be spending that sort of money on rockets of all things."” Not
only was the GALCIT team working with a largely unproven technology, but they also had to
demonstrate its viability as an endeavour of legitimate engineering interest in the face of skepticism.
It would not be until 1945 that rocketry would find what von Karman called “a firm engineering

basis,” something toward which the GALCIT group would contribute."”
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Reports written by Malina in 1938 and 1939 as investigations continued won them greater
funds to continue working, as reports of European aeronautical advances inspired a more urgent
pursuit of rocket technology to aid aircraft as a result.””” The interest in rocketry was mainly a matter
of developing a capacity for combat and for aeronautical advancement. In a 1969 memoir, Malina
wrote that by the outbreak of the war, “work toward our dream of designing rockets for scientific
research at high altitudes and for space flight had to be deferred for several years.”"”® The Air Corps
Jet Propulsion Research Project, GALCIT Project No. 1, which came into being on 1 July 1939 for

the purposes of investigating rocket engines for aircraft “super-performance,”"”

was then a product
of several forces, including spaceflight dreams, especially as the GALCIT team had turned to the
work of the pioneers in search of leads concerning their work.*"

Working with the grant from the National Academy of Sciences Committee, the rocket
research project team members committed themselves to working out the problems of liquid- and
solid-fuel engines.*” An optimistic report written by von Kirman and Malina for the NAS won
them the direct sponsorship of the AAF in July 1940, and their grant was increased to $22,000 for
the fiscal year (FY) of 1941, which they used to lease land at Arroyo Seco, expanding and setting
down the foundations of what would become JPL.** Making progress in 1941 with $125,000 for FY
1942, and as American involvement in the war appeared more likely, the GALCIT group outfitted

an Ercoupe Monoplane with the country’s first solid-propellant jet-assisted take-off units which,

after static tests, flew successfully on 12 August, with Lt. Homer A. Boushey in the cockpit, marking

197 Koppes, JPL, 10; Gorn, The Universal Man, 85; Bilstein, Testing Aireraft, 31, 35.

198 Malina, “A Memoir,” 154.

199 Malina, “Origins,” 53; Malina, “A Memoir,” 158.

200 Malina, “Rocket Research Project,” 118, 124; Malina, “Origins,” 50-51.

201 Koppes, JPL, 9-10.

202 Koppes, JPL, 10-11, figures from 11; Malina, “Origins,” 54; Gorn, The Universal Man, 87-88. Caltech faculty and staff
also became more involved with the project, lending their expertise. See: Malina, “A Memoir,” 159-160.



38

the first time an American craft had taken off using rocket power.?” The team thereafter also
addressed the storability problems of solid fuels, which cracked and then exploded once ignited after
having been stored for long periods of time, an issue which would make their JATO units unviable
as wartime materiel.”* After a great number of investigation, Parsons discovered and developed,
possibly in collaboration with mechanic Fred S. Miller and Caltech graduate Mark M. Mills, the
combination of tar and potassium perchlorate to produce a propellant suitable to store almost
indefinitely.”” This propellant, GALCIT 53, was later refined to become GALCIT 61-C and saw
extensive use during the final years of the war, 1943-1945.2" This constituted a “fundamental
breakthrough in solid-propellant rocketry” according to Koppes.”” It is thus worthwhile to note that
it was a breakthrough produced by someone whose dreams of spaceflight had led him to the
GALCIT rocket project.

In the early 1940s, the GALCIT team had also turned its attention to liquid-fuel units and
telt confident about constructing them because, as Malina has stated, “Goddard and other
investigators had demonstrated that it was possible to do s0.”*”® The mere possibilities of work done
by pioneers like Goddard helped catalyze continued investigation into improved designs. With the
help of physicist Martin Summerfield, Malina’s erstwhile roommate, the GALCIT group began work
on a liquid-fuelled unit, and Summerfield helped confirm the feasibility of a self-cooling engine

before Malina learned of RMI’s innovations.”” Failures and explosions caused by unstable
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combustion of their fuel were then resolved with the help of chemical engineer Ray C. Stiff at the
Naval Engineering Expetiment Station at Annapolis, who suggested adding aniline to the gasoline.”"
The GALCIT team thereafter replaced gasoline with aniline altogether, and successfully fired it with
red fuming nitric acid, solving the issue.”' It may be also worthwhile to note that the JATO work at
the Experiment Station had been fostered chiefly by Robert C. Truax, himself a spaceflight
enthusiast, and science fiction and Goddard fan.*"* Though the Experiment Station rocketry work
was military in nature, springing from practical needs, most likely having largely involved those who
did not harbour grand fantasies of spaceflight, there were, nonetheless, some legacies of inspiration
at work, and these inspirations had generated arenas wherein rocketry work could proceed and find
numerous applications besides spaceflight.

This sort of work overall brought with it a move toward respectability and demonstrated the
practical viability of rocketry.*” Similatly, after a great many trials, the successes of the GALCIT
team’s liquid-fuel JATO units, the first successful kind in the United States, led to the rocket team
forming Aerojet Engineering Corporation in 1942 to fulfill contracts for the AAF and Navy, in time
becoming one of the U.S.’s primary rocket firms.”'* Aerojet itself and the GALCIT group had
evolved beyond the spaceflight dreams from which they had arisen, yet their influences still

constituted an important link to the realm of fantasy that their efforts now transformed into
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practical realities. Enmeshed as they were with the needs of national defense, these developments
led more directly to building a capacity for spaceflight, as we will see in Chapter Two.
IMAGINATIVE THREADS, PRACTICAL NEEDS

Changing contexts prompted the renegotiation of rocketry’s application. Rocket technology
in the United States first began flourishing thanks to the possibilities offered by science fiction and
imaginative inspirations, but wartime funding and military interest were necessary to sustain and
carry this rocket work beyond its beginnings. Although practical use amidst rocket developers like
GALCIT, Aerojet, and RMI was prioritized over faraway possibilities by the mid-to-late 1930s, the
interplanetary dream served as a significant factor underlying the initiation of American rocket
development. Spaceflight pioneers, enthusiasts, and engineers were often so moved by the premises
of science fiction and other imaginative works that they would actively seek to realize them.
Goddard gave his life to the pursuit; American enthusiasts fostered communities of like-minded
innovators and popularized space travel; and the GALCIT team built on these foundations,
progressing the technology while hearkening back to its fantastical origins, and setting the stage for
advancements later necessary for spaceflight. The examples in this chapter indicate that imaginative
works conveyed a potent, organizing idea—the dream of spaceflight—and furnished individuals an
objective around which their efforts and purposes could be shaped. By serving as the point of
reference for many of America’s earliest rocket developers, imaginative works had factored in

significantly to the work of those paving the road toward space travel.
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2. BRINGING THE THREADS TOGETHER (1943-1969)

By 1943, enthusiasts, innovators, and engineers had effected rocketry’s most crucial transformations.
Rocketry became a priority of the United States’ armed forces as research centers produced jet
assisted take-off (JATO) units to improve combat aircraft with the American entry into World War
II. This technology had in different ways drawn on work done decades earlier and had its roots in an
imaginative vision of spaceflight. Some of the most ardent space travel enthusiasts and
experimenters, building on the work of the pioneers, had paved the road toward making rocketry
practical, so that when the time came for the United States to employ this technology to reach space,
the foundations, engineering, and understanding of rocketry had been set firmly in place.

This chapter will investigate the imaginative roots of the rocket technology pursued and built
by the United States from 1943 onwards, arguing that this technology was bound to the dreams of
science fiction, the pioneers of astronautics, and their inspired disciples, by threads of imagination
which, when traced, reveal an enmeshment of imaginative inspiration and practical application.
While American military interest in large missiles made possible the technologies that would breach
space, these rockets still relied on the ideas and expertise of individuals variously inspired by works
of imagination, whose contributions laid the groundwork for successive technological iteration and
development. The American space program to which these technologies were later applied, at least
in part, was also defined by ideas dating back as far as the 19" century, whose 20™ century
manifestations were expressed by the agents of the human space travel vision. Their visions of a
comprehensive and attainable framework for human spaceflight also provided inspiration and
guidance for engineers, decisionmakers, and the public on the eve of spaceflight’s advent.

THE ADVENT OF THE V-2 ROCKET AND THE BIRTH OF THE JET PROPULSION LABORATORY

In the United States, the first moves toward adopting the technology of later space boosters

began with the appearance of a weapon unlike any other. In 1943, intelligence reports of German
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military installations provoked consternation amidst the United States Army Air Forces.”” British
Intelligence photographs of missile installations in France sent to the Air Materiel Command
Experimental Engineering division in Dayton, Ohio indicated that Nazi Germany was developing
rocket missiles, and was “the first tangible proof,” as von Karman put it, “that Germany was doing
something with large and novel missiles.””* Rumours of German rocket research had circulated as
early as 1939 which—with the German occupation of Czechoslovakia—had given urgency to
GALCIT’s Air Corps Jet Propulsion Research Project.”’” These reports, however, now gave the
GALCIT project, as Malina recounted later, a “new impetus” in 1943.*'*

Having previously felt little need to invest in large-scale missile technology on account of a
well-developed air combat capacity, these intelligence reports prompted a near-immediate response
in the United States.”” In September 1943, Army Ordnance established a rocket development
division, and Malina and Hsue-Shen Tsien were urged by Army Air Forces (AAF) Materiel
Command Liaison Officer at Caltech, Colonel W. H. Joiner, to investigate the possibilities of long-
range projectiles and see if they could build something to match the specifications of the reported
German missile, the V-2 (Vergeltungswaffe 2).”’ While present engines could not meet the reported
160.9 km/100 mi range of the V-2, Malina and Tsien believed that the JATO engine work already
conducted provided a good basis for the development of long-range missiles, which were well within
the realm of technical feasibility by this point.”*' The GALCIT rocket team, which had seven years

previously begun investigating rocketry as a result of inspirational ideas found in science fiction and
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the work of the pioneers of rocketry, would now draw on expertise garnered, in part, by striving to
realize the visions on offer by works of imagination.”” The concomitant flourishing of engineering
interest in rocketry, an effect of their expanded activities and wartime support—which saw the
GALCIT rocket project expand to 85 employees with numerous facilities in Pasadena by 1943—had
also made it possible for military forces to rely on the research center.””

Malina and Tsien conducted a study on the possibilities of long-range rockets and forwarded
it along with a memorandum written by von Karman to Col. Joiner and Captain Robert Staver of
Army Ordnance.” The 20 November 1943 report was designated JPL-1, referring to and bringing
into being the Jet Propulsion Laboratory, which would become the United States’ first major center
for space research and long-range missile development.” On the basis of Malina and Tsien’s study,
von Kérman proposed a phased research program to develop a capacity for long-range missiles.”*
Although the AAF did not pick up on the JPL-1 proposal straight away, because it offered little in
the way of immediate results, in January 1944 Army Ordnance requested that JPL pursue a program
for the development missiles with a range of 241.4 km/150 mi, accurate to within 4.8 km/3 mi of a
target, and fitted for a payload of 453.59 kg/1000 lbs, leading to a contract for rocket missiles
between the Ordnance Department and Caltech called ORDCIT, the first American research
program for long-range rocket missiles.””” Colonel Gervais W. Trichel, assistant to the chief of Army

Ordnance, then asked GALCIT to develop a comprehensive research project, offering $3 million in
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funding to develop working prototypes of guided missiles.”® With this, major large-scale rocket
missile development in the United States had begun.

Accommodating the ORDCIT project entailed a reorganization and expansion of GALCIT
into the Jet Propulsion Laboratory, which officially came into being on 1 July 1944.* JPL’s facilities
expanded, and the laboratory conducted investigations into a range of projects, with a primary focus
on the guided missile work for the ORDCIT project.” The laboratory began with a solid-fuel rocket
called Private A, which utilized an Aerojet engine and GALCIT 61-C propellant—a derivative of
GALCIT 53—and was based on Malina and Tsien’s studies in their JPL.-1 report.”' Successful
launches of the unguided Private A missile in December 1944 provided JPL engineers a wealth of
technical information and represented “the laboratory’s first success with real rocket flight.”*
Although the winged projectile called Private F did not perform satisfactorily in 1945, JPL had
already turned their attention to the Corporal rocket.” Being that the Corporal was a more intricate
offering, Malina suggested building a smaller liquid-fuel sounding rocket first, the WAC Corporal, an
idea he had after examining German military installations in France during a mission for Ordnance
in December 1944.* This rocket project resutrected the “original dream” of the 1936 GALCIT
Rocket Research Group—building a sounding rocket capable of reaching space.””

For the military services, however, nowhere was spaceflight a guiding rationale for the

support afforded to the development of this technology.” In September 1944, General Henry H.
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Arnold of the Army Air Corps, concerned with the future of aerial combat and retaining U.S. air
supremacy, requested that von Karman organize a study to consider the scope, possibilities, and
requirements of air power technology for the AAF generations into the future.”” That same month,
V-2 rockets were launched against London and Paris from sites in the Ardennes and Holland.*® To
tulfill the General’s request, Von Karman temporarily left JPL that year to form the Army Air
Forces Scientific Advisory Group, and by late 1945 the group produced a multivolume report
entitled Toward New Horizons.” Von Karman’s introductory essay urged the development of new
aircraft, ballistic missile technology, and even suggested that, “in the case of the rocket ship,” with
the appropriate propellant and great amounts of exhaust velocity, rocket navigation and “the
‘satellite’ is a definite possibility.”** While the report did not mention what sort of satellite this might
be, in the February and October 1945 issues of Wireless World magazine, science fiction author
Arthur C. Clarke had advanced, for the first time, the idea of communications satellites, and he
believed they could be launched by V-2 rockets.*"!

The advent of the V-2 had indicated to American military services that advanced rocketry
pointed the way to future combat supremacy, catalyzing major investigations into large missile
technology in the country and sparked talk of space technologies. Importantly, the V-2 possessed,
according to historian Michael ]. Neufeld, “utopian origins in the [German] spaceflight movement

of the 1920s,” and it was at the height of this movement that German Army Ordnance pursued a

237 Michael H. Gorn, “Introduction: The Marriage of Science to Air Power,” introduction to Prophecy Fulfilled: “Toward
New Horizons” and Its Legacy, ed. Michael H. Gorn (Washington, D.C.: Air Force History and Museums Program, 1994),
2-3, https://apps.dtic.mil/sti/citations/AD A305537; Von Karman with Edson, The Wind and Beyond, 267-269; Malina,
“Origins,” 61.

238 Michael J. Neufeld, “Hitler, the V-2, and the Battle for Priority, 1939-1943,” The Journal of Military History 57, no. 3
(July 1993): 536; Neufeld, 1o Braun, 184.

239 Gorn, “Marriage of Science to Air Power,” 11; Von Karman with Edson, The Wind and Beyond, 269, 290; Gainor,
“Atlas and the Air Force,” 350; Malina, “Origins,” 61.

240 Quotes from: AAF Scientific Advisory Group, Science, the Key to Air Supremacy, in Prophecy Fulfilled: “Toward New
Horizons and Its Legacy,” ed. Michael H. Gorn (Washington, D.C.: Air Force History and Museums Program, 1994), 124;
Gorn, “Marriage of Science to Air Power,” 12; Koppes, JPL, 21; Gainor, “Atlas and the Air force,” 350.

241 Gainor, To a Distant Day, 146; Crouch, Aining for the Stars, 281; Megan Prelinger, Another Science Fiction: Advertising the
Space Race, 1957-1962 (New York: Blast Books, 2010), 30; Winter, Rockess into Space, 54-55.



https://apps.dtic.mil/sti/citations/ADA305537

46

missile development program.*” The V-2 was built first as a weapon for Hitler, but its latent
enthusiast underpinnings exerted an indirect influence on American rocketry by catalyzing, in part,
interest in, and commitments to, larger missile development efforts in the United States.**
GERMAN SPACEFLIGHT ENTHUSIASM

The origins of widespread spaceflight enthusiasm in Germany can be traced back to Jules
Verne’s De la Terre a la Lune (1865) and its sequel, Awutour de la Lune (1869). In the winter of 1905-
1906, these space travel stories inspired an 11 year-old Hermann Oberth to consider the possibilities
of space travel and rocket propulsion.244 Dedicated to unravelling the problems of spaceflight, his
later efforts were eventually compiled and presented in a book entitled Dze Rakete zu den
Planetenrdumen which appeared in 1923 and, according to Oberth, “fulfilled its purpose” by
stimulating public interest in the topic.** Where Goddard had been conservative in “A Method,”
Oberth went much further, and suggested that with technological advancement, building devices
capable of reaching orbit and taking humans with them would be possible, and that under the right
economic conditions, such devices could even finance themselves.”*® Oberth considered vehicle
designs, liquid-propellant rocket staging, space stations, space missions, the effects of spaceflight,
and stressed, as Winter has written, “the technological feasibility of space flight.”*" Like Goddard,
Oberth had become an agent of a spaceflight vision, translating imaginative ideas into a technical

investigation that served as a basis for the nascent fields of rocketry and astronautics.
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Oberth’s work enjoyed especial popularity in the 1920s and inaugurated what Winter has
considered to constitute a spaceflight revolution, as much like Goddard, Oberth’s application of a
rocket to spaceflight was an inherently revolutionary idea, and one of his most important
contributions.”* Oberth’s book, Weimar Germany’s receptiveness to new technological ideas duting
the 1920s, and German nationalism all contributed to foster a widespread rocket fad in the 1920s,
one also spurred on by popularizers and publicists.””’ Austrian Air Force pilot Max Valier, who was
among the first to take Oberth’s ideas seriously, became one such popularizer.” Valier encountered
Die Rakete in a bookshop in 1924, and Oberth’s propositions of manned spaceflight seemed to offer
a means of unlocking the mysteries of the heavens, aligning well with Valier’s own fascination with
astronomy and cosmogony.”' Committing himself to popularize Oberth’s ideas, Valier produced
Der Vorstof§ in den Weltenraum, eine Technische Miglichkeit (The Advance into Space, a Technical Possibility) in
1924, wherein he summarized, for general audiences, Oberth’s space travel ideas and his own, and
even included references to Jules Verne.” Valiet’s book was successful enough to produce five
printings between 1925 and 1929, and helped sell out Oberth’s Die Rakete, prompting reprints.”
With Valiet’s popularization efforts, the space travel by rocket idea, oftentimes a subject of

skepticism, began to flourish in the German popular imagination.”*
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Der 1 orstoff also introduced Willy Ley—who would become, according to Buss, “the most
important publicist of the American Space Age”—to Oberth’s theories of spaceflight in 1925,
prompting Ley to seek out Die Rakete after encountering Valier’s book.”” Dissatisfied with Valier’s
popular treatment of the book, Ley wrote his own more accurate complement to Die Rakete for
general audiences, entitled Dze Fahrt ins Weltall, which appeared in 1926.”° Ley later joined Valier and
others in forming the Verein fir Raumschiffahrt (The Society for Space Travel, or VIR), which came
into being on 5 July 1927 with the express purpose of championing Oberth’s ideas.”’” In addition to
disseminating the idea of space travel, their aims included pursuing projects meant to eventually
culminate in the construction of a spaceship, which in 1930 began as amateur rocket experiments.”®
These projects also revealed the Society’s ties to science fiction. Their experimental liquid-fuel
rockets, formetly called “Miraks,”*” were later renamed “Repulsors” by Ley, directly referencing
Laf3witz’s science fiction novel Awuf Zwei Planeten, wherein intelligent Martian beings employ a
substance called “Repulsit” to travel through space.””

By the late 1920s, the German spaceflight movement had gained serious momentum. Valier
collaborated with Fritz von Opel of Opel Automobile manufacturing fame and engineer Friedrich

W. Sander to build a series of rocket cars for publicity stunts, which, in 1928, garnered a great deal

of attention in the country.*" While Opel was mostly concerned with his celebrity and good press
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for his automobile enterprise, Valier hoped to communicate to the public the power of rocketry in

the hopes of opening the way to space travel.*”

At the height of the movement in 1929, rocket
power was demonstrated more dramatically in German director Fritz Lang’s film, Frau in Mond
(Woman in the Moon), based on a novel and screenplay penned by Lang’s wife, Thea von Harbou.*”
Oberth and Ley served as technical consultants on the picture, and Lang even asked Oberth to
construct a working rocket for the film’s premiere.”* Although the rocket project did not come to
fruition, the film attracted interest for its realistic and plausible portrayal of future possibilities,
allowing audiences to glimpse how a multi-stage rocket might carry humans into space.*”

All of these elements of space travel and rocket enthusiasm combined to turn minds to
consider the potential of the technology. The rocket stunts, for example, convinced a young
Wernher von Braun, who would one day become the technical director of the German Army
Ordnance rocket project and the director of NASA’s Marshall Space Flight Center, to pursue

% Von Braun’s obsession with space travel began when he purchased a copy of

rocketry as a career.
Oberth’s Die Rakete in 1925 after encountering an advertisement for the book in a magazine.”” To
understand the technical elements of Oberth’s book, von Braun dedicated himself to excelling in
mathematics and physics, previously his worst subjects, in service of his burgeoning spaceflight

dreams.”® Still somewhat undecided on the shape of his future, it was not until 1928 that von Braun

knew he wanted nothing else than to realize spaceflight after witnessing an Opel rocket car stunt in
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April, which eliminated all doubt in his mind about dedicating himself to his dream.*” With the help
of Ley, von Braun joined the VIR and conducted basic rocket work at the Raketenflugplatz in the
1930s during his spatre time while an apprentice at the Borsig engineering works.*”
MISSILE DEVELOPMENT IN NAZI GERMANY

At the height of the rocket fad, the potential of rocketry also caught the attention of the
German military.””' The military implications of rocketry were perhaps clear in the 1920s—not even
Oberth had shied away from discussing them in his 1929 book, Wege zur Raumschiffabrt, wherein he
considered the possibility of using a rocket to deliver explosives ot poison gas to an enemy target.””
While Oberth considered the latter impractical, Lieutenant Colonel Karl E. Becker of ballistics and
munitions in Army Ordnance sought to employ black-powder solid-fuel rockets as low-cost
chemical weapons, hoping to establish them as precursors to liquid-fuel ballistic missiles.”” Becket’s
interest in rocketry had long roots. Having worked on the Paris Gun in 1918, a heavy artillery gun
that fired projectiles at a range of 128.74 km/80 mi, Becker looked for something more powerful as
Germany began to make moves toward rearmament in the 1930s.”” Moreover, Becker had in 1926
studied under Professor Julius Cranz, and helped edit Lebrbuch der Ballistik (Textbook of Ballistics),
which included a review of Oberth’s Die Rakete and Goddard’s 1919 treatise, “A Method.”?” His
longstanding interest in long-range artillery, his desire for something more powerful than the Paris

Gun, and his familiarity with rocketry dovetailed with the German rocket enthusiasm that caught his
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attention.””* By 1929 Becker was mote seriously investigating the possibilities of this increasingly
visible technology with the help of attillery veteran Walter R. Dotnberger.””” Rockets also went
unmentioned in the Treaty of Versailles, which had majorly restricted weapons development in
Germany after World War I, making rocket weapons especially attractive to develop in the eyes of
authorities like Becker.””® While Hitler railed on about regaining military might, the Army’s priority
was developing a weapon of great power as it took its steps toward rearmament.””

In 1932, Becker received an offer from VIR member Rudolf Nebel—whom Becker had
previously assisted in attempting to finish Oberth’s failed sounding rocket for Frau inz Mond, and in
acquiring the grounds for the Raketenflugplatz—to arrange a demonstration of a VIR rocket launch
and recovery before army authorities to win funding.® Seeking reliable developers of liquid-fuel
rockets, Becker accepted.” The secret demonstration at the Army’s Kummersdorf weapons range
was conducted unbeknownst to the VIR’s board of directors, and with only a select few members,
including von Braun, but ended up a failure.”®* Ordnance thus decided to continue independently,
but still drew on the expertise and talent of the VfR.”’ Von Braun especially had caught the
attention of Ordnance authorities, specifically Dornberger’s, and was offered a job with the Army in

1932, granting the space-dreamer an opportunity to build rockets with military funding for military
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purposes.”™ Largely apolitical, yet not without conservative-nationalist leanings, an opportunistic and
naive von Braun accepted, and soon applied his effotts to develop the Army’s superweapon.”

With the assistance of von Braun, the Army’s work toward the development of a long-range
liquid-fuel ballistic missile commenced, and by 1933, Ordnance began to suffocate spaceflight
societies like the VIR in order to exercise a monopoly over rocket development and maintain secrecy
around rocketry, as the Army hoped to utilize rockets as surprise weapons.” The project at
Kummersdorf was moved to the remote village of Peenemtinde on the Baltic island of Usedom in
1937 to expand the project and develop a larger facility with the cooperation of the Luftwaffe.”” Old
enthusiasts and former VIR members were brought into the fold for the missile projects, which
accelerated with the outbreak of war in 1939.* With the missile project under the technical
directorship of von Braun, Peenemiinde engineers produced the Aggregat-4 (the technical name for
the V-2), which flew successfully on 3 October 1942 bearing a Frau im Mond logo on its fuselage.”

Some limited spaceflight enthusiasm still bubbled under the surface at Peenemiinde,
although it remained solely a Third Reich installation. Von Braun, for example, was central to the
development of the V-2, and as an agent of the spaceflight vision, his efforts were primarily the
products of his space travel enthusiasm.” Dornberger had also grown increasingly enthusiastic
about space travel.”! Moreover, Walter Thiel, a former member of the VR, whose ideas were

shaped by Oberth’s Die Rakete and Wege, also helped make significant progress in the propulsion
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systems for the V-2 According to Neufeld, however, while spaceflight enthusiasm had some role
to play at Peenemiinde, many of the engineers recruited to the rocket project after 1938 “had little or

: 92293
no preVlOLlS CXPOSUIC to rOCketty,

and spaceflight simply did not factor into their motivations,
even if it was a subject of fascination.”” Those that expressed strong spaceflight ambitions, like von
Braun, were likely unique among the pack.”” Moreover, the A-4/V-2, ultimately, was never meant to
reach space; it was a weapon designed for Hitler.”

We must also examine the development and motivations undergirding the V-2 critically, for
not only was it an instrument of the Nazi war machine, but by 1943 the missile was in large part
manufactured by use of slave labour.””” In addition to labour shortages on account of the war, Hitler
had come to rest his hopes on the V-2 as a wonder-weapon, leading to an unrealistic demand for
missile production as the tide of war turned against the Nazis.”® Following the first Allied air raid on
Peenemiinde in 1943, production moved to the Mittelwerk underground factory where the SS
forced sixty-thousand slave labourers from the Mittelbau-Dora concentration camp to construct jet

engines, the V-1, and the V-2, and by war’s end over twenty-thousand labourers had faced death by

disease, exhaustion, torture, or execution at the hands of the Nazis.””” Much has been written on the
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involvement and the responsibility of the engineers working at Peenemunde, and no matter the
levels of their involvement, that slave labour was used to build V-2s undeniably casts a shadow
across their work.” Some engineers were more enthusiastic about the Third Reich, and
authorities, like Dornberger, actively assented to slave labour for missile production.” Furthermore,
most engineers at Peenemiinde generally seemed unbothered by building missiles for the Nazi
machine, even when its most brutal aspects were at work.” Von Braun especially appeared to be
determined to build rockets no matter the cost. Despite holding no strong ideological convictions,
he had joined the Nazi party in 1937 when pressed, became an officer of the SS in 1940 to advance
his career, and knew that the V-2 was built using slave labour, having seen Mittelwerk conditions, yet
continued with his work.” He had “essentially made a pact with the devil in order to build large
rockets,”” becoming, as Neufeld has put it, “a twentieth-century Faust.”"

The technological achievement that was the V-2 rocket had come at a terrible price, claiming

lives both in its construction and deployment.””” A tool of the Nazi machine, the V-2 had yet come
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about in part because of the spaceflight enthusiasm of the 1920s that had augured the coming of
large rockets of great power.”” In the end, it was an ineffective weapon altogether, but had proven
that rocket power was sufficient for spaceflight, especially when the first successful V-2 launch
reached an altitude of 90 km/56 mi high, scraping the edge of space.”” As histotian Asif A. Siddigi
has observed, the V-2 was “the first material evidence that, in the future, nations might develop
rocket technology sufficiently powerful to breach the boundaties of space.”"
THE GERMAN ROCKET TEAM IN AMERICA

By war’s end in 1945, American forces moved to capture the engineers who worked on the

"' Questions of their

V-2 program as well as key documents and missile parts for recovery.
involvement in the Nazi machine were deferred, and American forces ascribed responsibility for the
Mittelwerk factory and the use of slave labour to the SS, suppressing the engineers’ ties to Nazism.”"
American forces recognized the value of the German specialists’ and their expertise, and sought to
deny the Soviet Union and other Allies access to them, bringing the German team to the United
States through the top-secret Project Overcast, later called Project Paperclip.’”” American capture
was also in the interest von Braun who saw the United States as the place where he could fulfill his
desire of building rockets to reach space.’™ The efforts of German engineers in the United States
would thus constitute Oberth’s indirect influence on American rocketry, as von Braun and some

members of his team carried the pioneer’s visions onto American soil.’®
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About 118 German engineers were moved to the army base of Fort Bliss, in El Paso, Texas
in 1945 whereafter they assisted American engineers in the continued development of American
rocket projects.’’® With the assistance and consultation of the German specialists, and in cooperation
with contractor General Electric, American research groups studied, assembled, and launched V-2
rockets under the Army’s Project Hermes.”'” Amidst over seventy V-2 launches between 1946 and
1952, the V-2 was also affixed to a WAC Corporal as part of a series of vehicles dubbed
“Bumper” to test rocket staging, a process whereby stacked rockets are boosted successively in flight
to reach higher altitudes.”’ The Bumper seties provided data that staging large rockets was possible
and offered considerable performance gains, with Bumper 8 reaching an altitude of 392.67 km/244
mi on 24 February 1949 and definitively breaching space.” In this way, the V-2 and the German
team provided a boost to American efforts, constituting an important source of technology and
expertise that contributed to American rocketry.”

Technologically speaking, however, the importance of the V-2 should not be
overemphasized, as historian ].D. Hunley has argued.’ It was but one of several starting points for
advanced rocketry, and the German rocket may have more readily demonstrated theory in practice

in some instances than wholly unseen innovations.”” Aspects of the V-2, for example, had been
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anticipated by rocket pioneer Robert H. Goddard, some of whose inventions resembled the German
rocket’s developments so closely that it led to a myth that the German rocket team had stolen
Goddard’s ideas.”®* But that Goddard had never managed to produce the sort of rocket he
envisioned made the V-2 all the much more valuable as a manifestation of what the pioneers of
astronautics had prophesized. Rocket development in the United States, however, drew on not only
the German group, but also American labs like JPL, contractors like Aerojet and RMI, a variety of
aviation firms, and the efforts of American enthusiasts.” Importantly, as the next section will show,
a number of these sources for technological development had debts to the pioneers, popularizes,
and imaginative works of astronautics as their impartation of inspiration had provided engineers and
rocketeers enthusiasms, goals, and ideas to work from, develop, and build upon.
THE MARCH OF AMERICAN ROCKETRY

As early as 1945 the Naval Research Laboratory (NRL) wanted a successor to the German
V-2, whose limited supply would necessitate a new rocket for high altitude research.”” While JPL’s
WAC Corporal served as the basis for Aerojet’s “Aerobee” sounding rocket, the NRL pursued the
development of its own sounding rocket called the Viking.”” The Viking’s principal designer, Milton
Rosen, had no overwhelming spaceflight dreams, but he suggested to his group at the NRL that they
implement ARS co-founder G. Edward Pendray’s idea to employ a rocket for upper atmosphere

exploration.”® In preparing to design the rocket, Rosen learned what he could at JPL between 1946
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and 1947, and conferred with Wernher von Braun and his team of experts.” Rosen and the
engineers at the NRL then designed the single-stage steerable rocket, and contracted out its
construction to the Glenn L. Martin Company, while John Shesta of Reaction Motors Incorporated
(RMI) drew on his own expetience and V-2 data to develop the engine.” The Viking later became a
starting point for the Navy’s Vanguard rocket, and the Viking’s gimballed engine constituted an
important innovation that pointed the way to advanced rocket guidance.” In addition to
contributing to rocket technology, this rocket had relied on the expertise of enthusiasts and
engineers, and essentially realized the visions of Pendray and the ARS.

While the NRL focused on Viking, in 1945 the AAF, “awed by the V-2,”°% sent out offers to
major aviation contractors to come forward with proposals for a rocket missile system in
preparation for their own postwar missile program.”” By 1946, after the Toward New Horizons report
had appeared in full, the AAF was awarding contracts to the aviation firm Consolidated-Vultee
(Convair), which proposed a ballistic missile program codenamed MX-774B, and North American
Aviation (NAA), which had proposed a winged-cruiser missile dubbed Navaho.” It may be
worthwhile to note that William Bollay, whose review of Singer’s rocket propulsion work in 1935 at
Caltech sparked the formation of the GALCIT group in 1936, was significantly involved in

developing and designing the Navaho, using the V-2 as a point of departure for its engine combined
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with the advice of numerous contractors.” Navaho’s engine, the XI.LR43-NA-1, was taken up by the
Rocketdyne division of NAA and upgraded for use on later missiles, as we will see.”

Moreover, Convair’s MX-774B used a powerplant descended from RMI’s XLLR-11 or “Black
Betsy” engine.”’ We may recall here that, as discussed in Chapter One, the XILR-11 had imaginative
origins tracing back to the ARS, the work of James Hart Wyld, and his influences, including that of
Eugen Singer.” Although the MX-774B’s motor, the XILR-35-RM-1, was not purely a case of
imagination to technology, its lineage began with older spaceflight enthusiasm. While the engines for
MX-774B, Viking and, later, Vanguard’s first stage, did not alone, according to Hunley, “[contribute]
in demonstrable ways to later launch vehicle engine technology,” the experience its engineers gained
from developing them “almost certainly informed later developments.””

Ultimately, the development of the MX-774B lagged during the 1940s, and though
independent rocket research continued at Convair until 1950, the MX-774B was largely shelved for a
lack of military funding in 1947.** The Air Force, now a military branch separate from the Army
following the National Security Act of 1947, ranked long-range missiles low on its list of priorities,
favouring anti-aircraft defence systems instead, and saw little reason to invest in technologies

offering few immediate returns.”' However, the MX-774 project had produced, in the words of

historian Walter A. McDougall, “a pool of expertise among industrial contractors that could be
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tapped in the future.”*** At the same time, work done on the Navaho, until its cancellation in 1957,
would later contribute greatly to liquid-fuel rockets and launch vehicles.**
THE BEGINNINGS OF THE BALLISTIC MISSILE ERA

A major turning point for missile development in the United States was the outbreak of war
in Korea in June 1950.** The conflict saw defence budgets increase as the U.S. mobilized, and
surface-to-surface missiles became desirable for the war.”* Along with the detection of the first
Soviet A-Bomb detonation in 1949 and the intervention of Chinese forces into Korea in 1950,
American military services sought to bolster their arsenals and capacity for deterrence, fearing a
Soviet Union emboldened to make a lunge for domination of the West.** By the mid-1950s,
advancements in thermonuclear technology had also made intercontinental ballistic missiles (ICBMs)
feasible—as warheads could be made smaller and fitted to rockets—and increasingly urgent with the
growing Cold War, leading to an arms race between two world superpowers.”” These conditions
produced a renewed investment into missile technology across the military services.

The Air Force returned to its previous missile studies as it pursued the development of a
ballistic missile system. The Air Force awarded Convair a contract for Project MX-1593, which

resurrected MX-774B and utilized the engine concepts for Navaho to produce the United States’
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first ballistic missile, the Atlas.”*® Despite being designed as a potential weapon, and by engineers
without apparent ties to imaginative works or space travel visions (like Karel J. Bossart of Convair,

who was central to the development of the Atlas),™”

some latent echoes of imagination were
brought forth when the Atlas drew upon the powerplants and designs for the MX-774B and Navaho
projects, whose developmental lineages were tied to sources of imaginative inspiration.

As the military services came into conflict over controlling missile programs, the Army’s
rocket projects also transformed in 1950-1951 with Chinese intervention in the Korean War.” The
Jet Propulsion Laboratory was ordered to weaponize their Corporal missile, and rocket work
commenced at the Army’s newly established Army Ballistic Missile Agency (ABMA) at Redstone
Arsenal in Huntsville, Alabama.” The German group, directed by von Braun, had moved to
Redstone Arsenal in 1950, where they had worked on the Hermes II experimental ramjet program,
which had no missile application prospects for the future.” In the wake of the national emergency
declared in December 1950 as the United States mobilized for the Korean war, the rocket team in

Huntsville was tasked with creating an effective tactical missile, and so they turned to existing

technology, namely the V-2. The result was the V-2’s immediate successor, the Redstone.”
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The Redstone was developed from 1950, first launched in 1953, and became operational by
1958.* The rocket missile relied on the V-2 as well as American rocket technology, utilizing, for
example, a version of NAA’s Navaho booster engine as a basis for the Redstone’s powerplant.”
Moreover, von Braun still carried with him a dream of spaceflight, one that guided his efforts, even
while working on the Army’s rocket projects. During the late 1940s and early 1950s, he became the
chief advocate of space travel by communicating a vision of human spaceflight to the public while
simultaneously developing the technology and plans needed to support such a program. Developing
weapon systems was the priority, but a means of reaching space was fashioned at the same time.
TRANSLATING FICTION INTO REALITY: EARLY SATELLITE PLANS

While imagination was a force necessary to developing the technology for spaceflight, it had
an even greater role in envisioning its applications. A handful of days after the capture of the
German rocket team in 1945, von Braun authored a report for American investigators entitled
“Survey of Development of Liquid Rockets in Germany and Their Future Prospects,” discussing

“everything from intercontinental missiles to interplanetary expeditions,”’

ideas which still largely
relied on those articulated by Oberth and Austro-Hungarian military officer and spaceflight
enthusiast Hermann Noordung decades earlier.” This report set in motion the first steps toward
satellite development in the United States, as it caught the attention of Captain Lloyd Berkner and

Commander Harvey Hall of the Navy Bureau of Aeronautics (BuAer).”” By late 1945, after Hall

established a committee on space rocketry and BuAer endorsed the “Earth Satellite Vehicle
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Program,” Robert C. Truax of the Navy, and Malina and Homer J. Stewart of JPL began feasibility
studies, while Aerojet and North American Phillips were contracted to produce engines for the
project.”” As Walter A. McDougall put it, “it was a full-fledged satellite program in microcosm.”"!
The AAF followed suit when it was approached by the Navy to collaborate on the project in
the view of ballooning costs.” A year after the Toward New Horizons report had appeared in full, the
AAF turned to the RAND Corporation, a think-tank within the Douglas Aircraft Corporation, to
produce an independent satellite study which resulted in the secret 1946 report “Preliminary Design
of a World-Circling Spaceship.”** Notably, while RAND?’s report considered the effectiveness of
utilizing rockets to launch a satellite, the military usefulness of such a device, as well as its
applications to research and communication, the report also presented the satellite as a precursor to

1 364

interplanetary travel.” Moreover, the authors of the report conveyed that they hoped their

“impartial engineering analysis would bring forth a vehicle not unsuited to human transportation.”*

Their studies, coupled with V-2 data, they expressed, had ignited the hope that a crewed space

vehicle would be possible.3 66 Deferring the questions of living and working in space to the
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“inventors,” the report also added that “popular fiction writers have devoted considerable thought
and ingenuity to means of furnishing [astronauts| with air, food and water,” noting especially the
idea of a vivarium as particularly ingenious.”®” Although no satellite was produced, as there was no

budget to support the project nor sufficient interest from officials,’®

that the report was prompted
by the ideas of a spaceflight enthusiast and essentially made references to science fiction in
developing its technical report for the AAF is significant. While it is unclear which fiction writers the
report was referring to exactly, it is clear that the imaginative propositions of interplanetary fiction
had permeated the upper echelons of the military services, underscoring the potency of space travel
ideas and the influence of their carriers.
THE CONQUEST OF SPACE

These ideas were never far from the minds of popularizers either. Willy Ley—who had fled
to the United States in 1935—had considered the problems of habitation in space in a new edition
of his popular book Rockets: The Future of Travel Beyond the Stratosphere which first appeared in 1944,
and was revised and expanded for the 1947 edition.” Wernher von Braun, acting as both engineer
and popularizer, also sought to publicize the possibilities and questions of space travel in an attempt
to make his dreams a reality.”” Becoming one of the central figures in this effort to promote
spaceflight, von Braun’s popularization efforts began as early as 1947, when he expressed his visions

of spaceflight, discussing rocketry and armed space stations, in a presentation given before the El

Paso Rotary Club.”” In addition to writing a science fiction novel supported by rigorous calculations

367 Clauser, “Possibilities of a Man Carrying Vehicle,” 212.

368 McDougall, ...zhe Heavens and the Earth, 103; Neufeld, 17on Brann, 280; MacDonald, The Long Space Age, 174; Winter,
Rockets into Space, 55; Hall, “Origins of U.S. Space Policy,” 214. According to Hall, satellite research at RAND and the
Navy Bureau of Aeronautics continued nonetheless from the late 1940s and into the eatly 1950s.

369 See, for example: Willy Ley, Rockers and Space Travel: The Future of Flight Beyond the Stratosphere New York: The Viking
Press, 1947), 299-309. See also: Buss, Willy Ley, 12, 75-76, 125-128, 151-152; Neufeld, “Creating a Memory,” 73.

370 Von Braun is an example of a manager serving as what Hunley calls a “heterogeneous engineer”—that is, he was
someone who vied for the support of the public, Congress, and Department of Defense, thereby helping to create the
social contexts for the technologies he developed. See: Hunley, Propulsion Technology, 6, 111 fig 3.2.

371 Neufeld, Ion Braun, 240; Neufeld, “Space Superiority,” 54.



65

which he hoped would popularize space travel for the public,” von Braun continued giving
speeches and lectures, one of which was published and found its way into Popular Science, generating
some publicity in 1950.”” His ideas were still drawing on those put forward by Noordung and
especially Oberth, as a mainstay of von Braun’s vision was a wheel space station serving as a
platform between Earth and the planets, and as an armed Cold War battle station to ensure
American space superiority.””* Von Braun’s early visions were as much a product of his anti-
communist sentiments as they were an amalgamation of his inspirations.”” Though these sorts of
visions, as we will see, did not alone produce the shape of an American space program, they still
provided a look at the possibilities of the future, providing starting points and ideas upon which
decisionmakers and innovators could draw.””

His efforts dovetailed with an emerging surge of popularization. In 1949, for example, Ley
collaborated with artist Chesley Bonestell to produce a book on spaceflight entitled The Conguest of
Space. The book delineated a vision of a spacefaring future, especially with the realistic space artwork
of special effects artist Bonestell, and, in Buss” words, “inaugurated the Space Age in mass media,”
as it was “zhe book that created an international sensation.””” Ley made it his mission to publicize
space travel in the United States, writing books, going on lecture tours, and making television and
radio appearances.”” Still facing a skeptical public, advocates like Ley argued that spaceflight was an

impending reality, and not only possible, but also very doable.”” Popularizers figured that the
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government might only support a space program if the public wanted it; and the public might come
to want a space program if only they had their imaginations ignited.”

What really “provoked an explosion of interest among the public” in space travel in the
1950s was the publication of a seties of spaceflight themed articles in the magazine Collier’s.”
Collier’s, a large format magazine with a readership of over three million and a penchant for running
stories about technology and innovation, first picked up on the spaceflight theme following the
publicity surrounding the First Annual Symposium on Space Travel held at New York’s Hayden
Planetarium in October 1951.°* The symposium, first of three, had been inspired by Ley and
Bonestell’s book, and was put together as an effort to promote the planetarium’s programs.” With
the help of Ley, who took the opportunity to promote space travel, the symposium gathered a
modest audience for its presentations from experts and engineers.”™ Importantly, the symposium
then caught the curiosity of Collier’s whose journalists had attended.” Figuring they could capitalize
on the spaceflight topic, Collzer’s sent assistant editor and writer Cornelius Ryan to a scientific
conference in San Antonio on upper atmospheric research, where he ran into Wernher von Braun,
as well as Harvard astronomy department chairman and spaceflight enthusiast Fred Whipple, and

atmospheric physicist Joseph Kaplan, all of whom together sold Ryan on the idea of space travel.”™

Collier’s then conducted its own “symposium” across a series of issues from 1952 to 1954, featuring
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articles on spaceflight written by Von Braun,

: ” Man will |
anl..,l',grs s::c“:;::m Whipple, Kaplan, Ley, Air Force aerospace

b TOP SCIENTISTS
] : 15 o wow i . | physician Heinz Haber, and UN lawyer Oscar

Schachter.” The series also featured artwork by
Bonestell, Fred Freeman and Rolf Klep.””

The first of these issues appeared on 22
March 1952, boldly claiming “Man Will Conquer
Space Soon,” and following issues concretely laid
out the plans of the space advocates, presenting a

vision of an “integrated” spaceflight program

proposing a synergistic application of rocketry,

Figure 3. Chesley Bonestell, cover illustration, Colliet’s,
March 22, 1952. Courtesy, Smithsonian Libraries, image
ID: SIT.-S11.33-117-01.

spacecraft, and space stations to a future program
of human space exploration.”® Moreovet, this
vision was iterative in that it essentially built upon ideas proposed as early as the 19" century. The
idea of a wheel space station as a midway point between the planets, which figured so prominently
in von Braun’s space program visions, could be dated as far back as 1897, as Kurd La3witz had
described just such a space station in the shape of a “huge wheel” belonging to the Martians in his

novel Auf Zwei Planeten, a favourite of von Braun’s.” Moreover, Hermann Noordung, whom we saw
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in Chapter One, had also described a circular space station in his 1929 treatise on spaceflight.”" It is
also noteworthy that astronautics pioneer Konstantin E. Tsiolkovskii of Russia had also explored
the ideas of a space station in his science fiction writing, having also worked out the mathematics for
space travel across a series of articles and studies written in the late 19th and early 20th century.”
Importantly, the Collzer’s series emphasized not only the possibilities of such space
technologies, but also their military applications, situating the development of such a program in a
Cold War context. The editors conveyed in an article called “What Are We Waiting For?” that not
only were their following proposals “serious fact”, but also “an urgent warning that the U.S. must
immediately embark on a long-range development program to secure “space superiority” for the
West.”” If they lagged behind, the article argued, someone else would win this superiotity—most
likely the Soviet Union.” Balanced with the military angle of space superiority was also an
exploration of the peaceful applications of this technology, where von Braun communicated that the
“oldest and last frontier” was the “heavens themselves,” and that the means of conquering this
frontier was through the adoption of a human spaceflight program and the development of its

necessary technologies.” With an intense publicity push on the part of Coller’s, von Braun’s various
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television appearances and rising celebrity, as well as a trilogy of popular books based on expanded
versions of the Collier’s articles appearing in the early 1950s, these visions of a spacefaring future
were cast widely across the United States and its elements constituted the dominant paradigm for
space travel.”” The considerable attention afforded to these ideas meant that the American public
was introduced to a concrete image of a future spaceflight program, and renewed decades-old space
travel ideas for popular consumption in terms of feasibility and attainability.”’

Space travel found even greater mainstream popularity when the Collier’s seties piqued the
interest of Disney animator Ward Kimball. Walt Disney sought a subject for his upcoming Disneyland
program in the early 1950s, which would also promote his theme-parks categorized as
Adventureland, Fantasyland, Frontietland, and Tomorrowland.”” Tasked with finding a theme
suitable to Tomorrowland, Kimball suggested space travel, having encountered the space-themed
issues of Collier’s.”” Disney approved and seized on the theme after the Collier’s issue on Mars
appeared in late April 1954.“" To produce the series, Disney collaborated with Willy Ley, Wernher
von Braun, Heinz Haber, and Paperclip German expert Ernst Stuhlinger to prepare and present
material for the upcoming program.*”" This led to the production of Disney’s Man in Space seties
whose first eponymous episode aired on 9 March 1955 for which millions of Americans tuned in.*”

“Man in Space” was then followed by two more episodes, “Man and the Moon” and “Mars and
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Beyond” in 1955 and 1957, respectively.*” Von Braun
had hammered out the basic details of achieving a trip

to the Moon for the “Man in Space” episode, and

presented the specifications and design of a four-

404

stage rocket-ship.”™ “Man and the Moon” treated

audiences to visions of a wheel-like space station as a
halfway point between the Earth and the Moon.*”

The series had discussed no military applications

besides the possibilities of reconnaissance and only

i focused on the “scientific and engineering problems
Figure 4. Walt Disney and Wernher von Braun at the
Marshall Space Flight Center (MSFC) in 1954.
Courtesy, NASA, image ID: 9132000.

of space exploration.”*® At one point in “Man in
Space,” von Braun addressed the audience: “If we
were to start today on an organized and well-supported space program, I believe a practical
passenger rocket could be built and tested in ten years.”*” Von Braun’s main point was that not only
was this possible, but very much within the grasp of current technologies.
THE OPENING OF THE FINAL FRONTIER

The success of the Collier’s series, Disney programs, and, as we will see in Chapter Three,
numerous books, other magazines, television programs, and science fiction films, all contributed to

the growing Space Age in American popular culture, and conveyed the possibilities of space travel to
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millions, helping sell the public on the idea of spaceflight and reinforcing some of the dominant
ideas of the Space Age.*”® Gallup poll numbers also demonstrated a change in Americans’ attitudes
toward space travel. In 1949, respondents were asked if they believed humans in rockets could reach
the Moon within the next 50 years, to which only 15% said “yes”, while a staggering 70% said “no”
and another 15% offered no opinion.*” When asked again in 1954-1955, 38% said “yes,” while 51%
said “no,” and 11% offered no opinion.”"” Though the figures of the mid-1950s still paint a picture
of general skepticism, they offer evidence nonetheless that a significant change had taken place in a
period before the first satellite had even reached orbit. This change may be attributed to not only the
popularity of the Collier’s series but also, and more broadly, the efforts of the popularizers and the
cumulative effect of publications, films, and other popular media.*"

This rush of popularization also occurred during a time when technology had advanced
sufficiently to the point where the “frontier” of space could at last be opened. With the upcoming
International Geophysical Year (IGY) for 1957-1958—a collaborative, scientific effort across
nations to conduct atmospheric research during a period of high solar activity—ILloyd Berkner and
other scientists lobbied as early as 1954 to have satellites put on the formal agenda for the United
States’ participation in the IGY.*" President Eisenhower, however, was more concerned with the

reconnaissance applications of satellite technology at a time when ICBM development continued
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apace in both the U.S. and USSR; and with the latter detonating an atomic bomb in 1949, the United
States sought to breach the veil of secrecy obscuring the developments of the Soviet Union.*" In
1954, President Eisenhower commissioned MIT president James R. Killian, Jr. and Caltech
president Lee A. DuBridge to establish a study into the possibility of surprise attack on the U.S. by
the Soviet Union, concerned the latter may outpace American ICBM development.*'* Killian and
DuBridge established the Surprise Attack Panel/Technological Capabilities Panel whose report
included recommendations of accelerating ICBM and IRBM programs, developing technologies for
reconnaissance, and setting the groundwork for a spy satellite by way of a scientific one.*”” Despite
Eisenhower’s attempts to establish transparency between the United States and the Soviet Union
through “mutually supervised reconnaissance overflights,” he turned to considering more advanced
forms of reconnaissance when the USSR proved uninterested in engaging with such a policy.*"
While the American U-2 spy plane conducted missions from 1956, it was a risky means of
surveillance; a satellite equipped with a camera was a better option.*” Although popular media may
have communicated to American decisionmakers what was possible in terms of space activities, it
was the Cold War, and not a dream of spaceflight, that encouraged the Eisenhower administration

to formally announce their decision to participate in the IGY on 29 July 1955.*"® A key rationale for
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this decision was to establish a precedent for “freedom of space”—if the U.S. sought to launch spy
satellites to fly over the Soviet Union, it could first orbit a benign, scientific one to produce a legal
precedent to freely orbit satellites over other countries."’ That dream of spaceflight however, had
nonetheless helped, in part, put the hardware and technology in place for this undertaking.

The Air Force, Navy, and Army each accelerated their missile development programs as a
result of the Killian report, leading to the Air Force’s Thor launcher, the Army and Navy’s Jupiter
IRBM, and the Navy’s own Polatis.”’ Around the same time, they also put in competing proposals
to develop the launcher system for the United States’ first satellite in 1955.*' The Naval Research
Laboratory’s “Vanguard” launcher was eventually accepted by the committee tasked with selecting a
proposal because Vanguard offered better scientific components and electronics, and it was a
distinctly civilian booster, whereas the Army’s “Orbiter” proposal used the Redstone booster, and
the Air Force’s project would not only interfere with Atlas development but also utilize a military
booster.*” The distinction of putting up the first satellite, however, went to the Soviet Union when
Sputnik I orbited the Earth on 4 October 1957.** Despite panic among some government officials,

the general public was initially calm, if not sometimes enthusiastic, about Spusnik’s launch, while the
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media warned that such a demonstration indicated the Soviet Union could launch nuclear weapons
as easily as it orbited satellites.”** At the same time, the Soviet satellite had established freedom of
space, a boon for the top-secret Corona reconnaissance satellite program under development.* The
first Corona satellite, Discoverer 1, was thus later orbited using the Air Force’s Thor in 1959, and by
1961, Discoverer 25 and 26 returned photographs taken over Soviet territory that assured government
officials there was no “missile gap” between the U.S. and USSR.**

The United States responded to the Soviets’ success with Spuznik, and the satellite that
tollowed, Sputnik I, in a number of ways. While the military services continued wrangling for
control of various missile programs, the Army’s rocket center, ABMA, under the technical
directorship of von Braun, launched the first American satellite, Explorer I, into orbit on 31 January
1958 with a Jupiter-C/Juno I rocket, which was based on Redstone and had received its second and
third upper stages from JPL.*" A version of the Air Force’s Atlas also successfully orbited Project
SCORE, a small communications satellite which relayed Christmas greetings from the President in
late 1958.*® Though Vanguard had been ultimately unsuccessful in launching the first American
satellite—a test firing resulted in an explosion on the launch pad on 6 December 1957—the

launcher system managed to orbit three satellites between 17 March 1958 and 18 September 19594
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Eisenhower sought no Space Race, but he met the Soviet Union on their terms after he
established the National Aeronautics and Space Administration (NASA) in 1958 with the National
Aeronautics and Space Act to coordinate the nation’s space activities.”’ Officially coming into being
on 1 October 1958, NASA, under the leadership of T. Keith Glennan, laid out a long-range agenda
in December 1959, which included a variety of space travel objectives for the purposes of
contributing to human knowledge, improving aeronautical and astronautical technologies and
vehicles, as well as conducting studies for peaceful and scientific purposes and making available
discoveries of military significance.”' Along with satellite launches and suborbital human flights,
NASA mission target dates included the first launchings to lead to crewed circumlunar flights, a
permanent near-Earth space station between 1965-1967, and a crewed flight to the Moon beyond
1970.** These plans appeared to align with the programs outlined by space advocates, and the “von
Braun paradigm” of space travel, particularly in terms of space activities and space stations as a part
of them.*” Although von Braun had not been the first to suggest the usefulness of space stations, he
was central to popularizing it alongside Ley and Bonestell, and had presented it to Americans as a

“springboard” to reach other planets and to facilitate space missions.”* Of course, Neufeld urges us
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to remember that von Braun’s original conception of a space station was a nuclear-armed Cold War
battle station, “positively at odds with the agency’s mission of peaceful space exploration,”*” and his
primary arguments for building it, namely, its military value and capacity to strike blows against the
USSR, had faded by 1960.%° Space station studies nonetheless figured prominently into NASA’s
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planning in the 1960s,”" and although these plans may not have been the direct consequence of
space popularization, they emerged during a period in which these ideas were increasingly visible in
popular spheres.
PROPHECIES FULFILLED? THE AGE OF SPACE

In the 1960s, many of the prophecies of the pioneers came true, though the development of
a national space program had not come from a desire to reach the cosmos. Geopolitical tensions
came into play when newly elected president John F. Kennedy committed the nation to race the
Soviet Union to the Moon. The disastrous Bay of Pigs invasion of 1960 and the orbit of Russian
cosmonaut Yuri Gagarin, first human in space, in 1961, prompted Kennedy to seek a means of
reasserting the image of American predominance as a world leader, especially as Vice President
Lyndon B. Johnson reported to Kennedy that “dramatic accomplishments in space” increasingly
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signified “world leadership.”*” Kennedy thus issued his challenge to the United States before
Congress to land 2 man on the Moon, “before this decade is out,” on 25 May 1961.*” Signalling

American leadership both at home and abroad, especially as nations joined the “Non-Aligned
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Movement’—nations whose favourable disposition to the United States needed to be earned on an
ongoing basis—Kennedy was focused more on Cold War politics than conquering space.*"’
Kennedy’s lunar decision, however, could only be made in the view that the technologies
and their foundations, as well as the institutions that would develop them, were already in place.
Imagination had helped put them there. It had also pointed the way forward, even for those without
sweeping space travel dreams. Such was the case for NACA engineer Robert R. Gilruth, who found
his perceptions of spaceflight shaped, in part, by the Coliier’s series.**' Gilruth and his team oversaw
America’s human spaceflight programs, Project Mercury, Gemini, and Apollo, and were
instrumental to the lunar landing in 1969.** Additionally, agents of the spaceflight vision, like von
Braun, carried the pioneers’ visions during the Space Age, their efforts expressions of imagination’s
effect. Redstone, for example, a product of the German team’s efforts, carried Project Mercury
astronauts Alan B. Shepard and Virgil “Gus” Grissom into suborbital flights on 5 May and 21 July
1961, respectively.*” Further, even before Kennedy issued his Moon landing challenge, von Braun
and his team had been working on the Juno V vehicle, later called Saturn.*** This multistage rocket,

which would enable the Apollo missions of the late 1960s, was designed as a space booster from the
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onset in a collaborative effort among thousands of engineers, developers, and contractors, and was
the result of decades of cumulative technological advancement and progtess.*> All the same, the
development of the Saturn V at the George C. Marshall Space Flight Center was overseen by the
center’s director, von Braun, where his Huntsville team of German specialists served as a core group
engaged in the Saturn project.” In effect, spaceflight enthusiast, advocate, and engineer von Braun
helped translate the fantasy of his inspirations into practical reality.

There were numerous threads binding the fulfillment of the space travel prophecy to the
imaginative works from which the prediction—and sometimes, proposal—had originated. Rocket
technology in the 1950s and 1960s had drawn on numerous sources, tapping on a base of knowledge
cut from the cloth of experimentation, engineering expertise, and imagination. The decision to
establish a national space program was a result of geopolitical entanglements and Cold War
maneuvering, but such a program could have only flourished if the expertise, technologies, and
developers were in place. The rocket, which constituted the single most important technology for
the Space Age, had only become the means of reaching space thanks to the efforts of dedicated
individuals and innovators, many of whom were moved to realize rocketry and space travel once
inspired by the pioneers of astronautics and works of imagination. Their efforts all paved the way to

a future of space travel in the Space Age.
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3. INTO A PORTRAIT OF THE UNKNOWN (1944-1968)

For the price of a magazine, a hardcover, or a movie ticket, Americans could travel to space, set off
on a lunar escapade, or visit the red plains of Mars safely and comfortably, even before the first
satellites entered orbit. From the mid 1940s to the mid 1950s, Americans had flipped through the
pages of Life, ook, Scientific American, Coronet, Pic Magazine, Collier’s, and other such magazines to see
spectacular views of space as rendered by astronomical artist Chesley Bonestell.*” Others still saw
his paintings featured alongside the prophetic writings of Willy Ley in the book The Conguest of Space
(1949), which sold 20,000 copies by 1950 and introduced readers to the basics of rocketry and space
travel.*® Then there were those who joined astronauts on a lunar adventure in 1950 in the George
Pal produced film, Destination Moon. This popular feature envisaged the first trip to the Moon in
stunning Technicolor and marked the beginning of the American science fiction film genre.*” Such
visions were drawing on a legacy of science fiction and burgeoning technological realities, especially
as technological dreams were increasingly realized. These visual media compellingly conveyed to
American audiences the possibilities of spaceflight and, most importantly, helped familiarize the
unfamiliar, thereby preparing the public to anticipate, accept, and even embrace a federally funded
space program, a necessity if such a program was to become politically feasible.*” By rendering the
extraterrestrial in terrestrial terms, space and its many alien landscapes became familiar and

knowable, and therefore feasibly traversable and conquerable.”!

#7 Frederick C. Durant 11T and Ron Miller, Worlds Beyond: The Art of Chesley Bonestell (Norfolk, Virginia Beach: Donning,
1983), 7; Buss, “Virtual witnessing,” 160.

48 Buss, “Virtual witnessing,” 160.

49 Bradley Schauer, Escape Velocity: American Science Fiction Film, 1950-1982 (Middletown, Connecticut: Wesleyan
University Press, 2017), 35; Scott and Jurek, Marketing the Moon, 9; Bradley Schauer, ““The Greatest Exploitation Special
Ever’: Destination Moon and Postwar Independent Distribution,” Filw History 27, no. 1 (November 2015): 2; Vivian
Sobchack, Screening Space: The American Science Fiction Film, 2. enl. ed. (New Brunswick, New Jersey, and London:
Rutgers University Press, 1998), 12; Kitby, Lab Coats in Hollywood, 207, 209.

40 Kirby, Lab Coats in Hollywood, 20; Daniel Sage, “Framing Space: A Popular Geopolitics of American Manifest Destiny
in Outer Space,” Geapolitics 13, no. 1 (Spring 2008): 40.

#1 Catherine L. Newell argues that depictions of landscapes and explorers were important to “rendering the unknown
known” and that by “picturing the frontier—in the case of either the American frontier or Saturn—as something could



80

In exploring the ideas of the American frontier, American landscape art, and the American
sublime, I position these as progenitors of the language of popular visual media pertaining to space
travel.”* Scholars such as Daniel Sage and Catherine .. Newell have explored the connections
between the American frontier myth, the space art of Chesley Bonestell, as well as the expression of
these motifs in some films.*’ Building on these analyses, this chapter contextualizes these images of
spaceflight in terms of imagination’s role in producing space travel and through an analysis of a
wider range of American space travel films than considered in these terms elsewhere. As this chapter
cannot hope to be exhaustive, its focus is limited to film as opposed to television or serials, as this
presents a more manageable number of examples to investigate fruitfully. I will argue that, by
defining space travel in terms of technologies, frontiers, and adventures, film and other visual media
constituted important forms of popularization that helped forerun, promise, and prompt American
engagement in space. Though their effects were at times limited in contrast to the influence of the
Cold War, they nonetheless helped create a cultural and social environment wherein presidential
commitments to space exploration were not only acceptable but also natural.

THE FRONTIER INHERITANCE

The American nation has long been tied to the idea of the “frontier.” Constituting a major
part of the “American cultural narrative,” and “national mythology,” conceptualizations of the
frontier have been deeply embedded in rationales for space travel both in popular and political
thetoric as well as spaceflight advocacy.”* This narrative relies on American historian Frederick

Jackson Turner’s articulation of his famous “frontier thesis,” which posited in 1893 that the
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American nation was one born from its interaction with the frontier.*” Turner argued that “[t]he
existence of an area of free land, its continuous recession, and the advance of American settlement

westward explain American development.”**

By 1914, he further argued that the “appeal of the
undiscovered strong in America,” and that “[f|or three centuries the fundamental process in
[America’s] history was the westward movement, the discovery and occupation of the vast free
spaces of the continent.”*’ Democracy, he argued, emerged not from theorists nor the ships that
carried settlers to the North American continent, but rather, “[i]t came out of the American forest,
and it gained new strength each time it touched a new frontier.”** As the U.S. census in 1890 had
officially declared the frontier closed, that carried with it an implicit need for newer and greater
frontiers, so long as Turner’s main argument held.*’

The term “frontier,” as historian Patricia Limerick Nelson has pointed out, is malleable but
29460

seems most closely associated with the concept of “the American nation’s westward movement,

which, for Turner involved a conquest of nature.*' At the same time, Turnet’s narrative only
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focused on European settlers, marginalizing or entirely ignoring the experiences of Indigenous
Americans and those grouped into what Limerick calls the “other side of the frontier,” which
includes African Americans, Asian Americans, Mexican immigrants, and Hispanic settlers.*” At
most, Turner reduced indigenous inhabitants of the frontier to elements of the landscapes that were
to be overcome or conquered as Caucasian pioneers swept westwards toward social rejuvenation.*”

Turner’s frontier thesis was also joined by another narrative offering of America’s past,
forwarded by showman William Frederick Cody—also known as Buffalo Bill—in his dramatic
Buffalo Bill's Wild West and Congress of Rough Riders of the World show at the 1893 World’s Columbian
Exposition in Chicago, where Turner presented his thesis.*** While Turner largely ignored the
presence of indigenous peoples living in the so-called “free land” of the West, the violent conflicts
between native inhabitants and cowboy heroes was a central theme of Cody’s presentation of the
Old West.*® Both Cody and Turner together nonetheless told a story of conquest and domination,
constructing a narrative framework to explain and convey a mythic American identity.** At a basic
level, it was the traversal of, a fascination with, and subsequent command over untamed lands—the
frontier—that seemed to underscore the core tenets of the mythic representation of what it meant
to be American.*”

Cumulatively, America’s “mythic identity” was cut from this cloth; whether it was the tale of

Columbus upon the seas, or Buffalo Bill’s conquest of the Wild West, “the American imagination,”
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writes scholar Janice Hocker Rushing, “remains fascinated by new and unknown places.””**® The idea
that movement over vast swathes of land produce fundamentally American qualities ultimately
furnished Americans with a simple, populat, and stirring creation myth.*” As a result, Turnet’s
frontier thesis was soon entrenched in American historical thought, became a popular trope in
Westerns, and a mainstay of education throughout the early 20™ century, receiving little critical
reassessment until at least the 1940s.*”” This myth also complemented the longer-standing notion of
manifest destiny, which originated with American magazine editor John L. O’Sullivan in 1845 when
he advocated for the annexation of Texas.*”! Although limited in its original usage, over time this
concept of manifest destiny came to encapsulate the suggestion that America (and specifically, its
Anglo-American population) was divinely destined to expand across the continent.’”” As another
expression of American exceptionalism, the frontier thesis tells what Sage calls a “Puritanical

95473

narrative” of an American people in possession of an “exceptional destiny and identity;”*" a destiny,

as Newell has written, “to go forth and conquer the frontier.”*’*

A significant dimension of the “frontier,” then, broadly defined, is a preoccupation with land

and places, for it provides space for the setting and expansion of borders and settlements.
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Movement cannot occur without land to move across; a natural landscape is a prerequisite for the
activities that were rendered by Turner and others as the key to American development. Domination
and conquest of nature then follow, for as McCurdy has put it: “Frontiers imply conquest.”*” This
sort of conquest was central to the Turnerian tale of America, as it was the domination of natural
landscapes that produced the conditions under which the national American character appeared—
the conditions from which it had ostensibly first emerged.
SUBLIME RENDERINGS OF NATURAL VISTAS

This narrative of the frontier drew much of its power by mapping out its tenets onto
representations that had preceded it, namely, those that were the means by which Americans came
to know what the frontier looked like. Writers and poets had long exalted the romantic beauty of
nature and advocated for its preservation, and visual artists—Ilandscape painters, in particular—had
helped visualize the grandeur of these quintessentially American vistas, literally sketching out the
frontier in grandiose and awe-inspiring forms throughout the 19" century.”’ These painters were
central to popularizing natural landscapes and for reading land, specifically that which was traversed
and inhabited by the American population, as inherently divine, thereby laying groundwork later
exploited by those like Turner.*”” 19" century American landscape painting gave rise to what is
known as “the American sublime,” where the sublime evoked awe, wonder, and a recognition of
divinity in pictorial compositions that emphasized scale, a sense of infinity, and a majesty so

overwhelming that the observer is humbled before the scene.*”

475 McCutdy, Space and the American Imagination, 163. Moreover, Newell has suggested that in the “American imagination,”
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Artists who developed the American sublime in the 19" century roughly fell into two closely
linked groups: The Hudson River School, based around New York in the 1820s, which included
artists such as Thomas Cole, Frederic Edwin Church, and Asher Durand; and the Rocky Mountain
School, based around San Francisco in the 1850s, which included artists such as Thomas Moran and
Albert Bierstadt."” The works of the Hudson River School artists, for example, as att historian
Diana Strazdes has posited, “resonated with Americans’ collective image of their land,” and
furnished Americans with “an attractive self-image, a shared political identity, and a reflection of
their desire for universal moral and religious truths.”*" Artists of these schools were often wont to
read divinity in the American landscape, and used motifs of light and exaggerated geological features
to convey the grandeur and transcendent qualities of their chosen scenery.”' When these landscapes
were rendered as specially charged places full of meaning and wonder, they offered evidence of the
destiny of the American nation and its people.*

This aesthetic language was embedded in the work of those artists belonging to the Rocky
Mountain School who depicted for observers on the east coast of the United States a world unseen:
the wilderness of the west, places like the Sierra Nevada range, the Rockies, Yosemite, and
Yellowstone.*’ Thomas Moran, for example, employed the visual language of the Hudson River

School, using light to suggest transcendence, and blurring terrestrial forms into the painted sky to

suggest a movement from “worldly nature to spiritual wonder and awe.” " Moran’s paintings,
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including The Grand Carion of the Y ellowstone (1872) and The Chasm of Colorado (1873-1874) used an
elevated perspective—a magisterial gaze—to emphasize the panoramic majesty of the landscape in
an emotionally resonant way.*” During a period when people viewed natural wildernesses
apprehensively, and as uncontrollable and hostile, artists of the American sublime tradition depicted
them as worthy of awe and preservation, encouraging observers to embrace these places.” These
stunning landscapes, therefore, transformed nature into knowable and traversable places; they
offered more than untamed hostility and all the promises of destiny.*’

American sublime paintings also demonstrate the influence and importance of art in
facilitating changes in cultural perception, as these paintings were contributors to the momentum of
the national park movement.*® Geographer Gareth E. John has commented on how the very idea of
national parks emerged as “an expression of the national cultivation of a Romantic taste for the
sublime.”*® Moran, for example, travelled with geologist Ferdinand Vandeveer Hayden, numerous
scientists, and frontier photographer William Jackson on the U.S. Geological Survey’s Hayden
Expedition of 1871 to the unexplored Upper Yellowstone Valley, and composed watercolours of the
region that contributed to romanticizing, popularizing, and knowing the landscape, especially as they
were later presented before Congress in 1872 when Hayden and other advocates lobbied for the
establishment of Yellowstone as the world’s first national park.*” The Yellowstone National Park

was officially created in 1872, a decision made at least in part due to the influence of Moran’s

485 Sage, How Outer Space Made America, 21, 23. Sage borrows the term “magisterial gaze,” from art historian Albert
Boime. See: Albert Boime, The Magisterial Gaze: Manifest Destiny and American Landscape Painting, ¢. 1830-1865 (Washington
and London: Smithsonian Institution Press, 1991), 1-2, also cited by Sage, How Outer Space Made America, 21.

486 Newell, Destined for the Stars, 67, 79-80, 82; McCutdy, Space and the American Imagination, 311; Sage, How Outer Space Made
America, 19-23; Taylor, The Rise of the American Conservation Movement, 291; Gareth E. John, “Yellowstone as Landscape
Idea’ Thomas Moran and the Pictorial Practices of Gilded-Age Western Exploration,” Journal of Cultural Geography 24,
no. 2 (Spring-Summer 2007): 5.

487 Newell, Destined for the Stars, 66.

488 McCutdy, Space and the American Imagination, 311-312.

489 John, “Yellowstone as ‘Landscape Idea’,” 5.

40 Joni Louise Kinsey, Thomas Moran and the Surveying of the American West (Washington and London: Smithsonian
Institution Press, 1992), 58-62; John, “Yellowstone as Landscape Idea’,” 6, 16, 22n12; Taylor, The Rise of the American
Conservation Movement, 299-300; Sage, How Outer Space Made America, 23; Newell, Destined for the Stars, 67, 75-77, 80, 82-84.



87

artwork, and three months
later Congress purchased
Moran’s large oil painting
(roughly 2.13m by 3.66m,
or 7ft by 12ft), The Grand
Carion of the Y ellowstone, for

$10,000, to hang in Capitol

e

i1 491 > e
Figure 5. Thomas Moran, The Grand Canyon of the Yellowstone, 1872, oil on canvas Hill.™ Moran’s dep Lcaons

mounted on aluminium, 84x144.25” (213x366.3cm), U.S. Department of the Interior
Museum, Washington, D.C., https://g.co/arts/MhtNP7piVPjwSE2ES. of the Yellowstone were

later used on posters and postcards for the national park, and even influenced other artists’
renderings of these regions, comprising a form of visual media popularization and offering
Americans a glimpse at landscapes of natural wonder.*” Such images became Americans’ first point
of contact with unknown places, revealing and popularizing them for the public, encouraging them
to view these places as sources of wonder and national pride, also beckoning them to visit and see
for themselves.*”” Moran’s paintings helped inspire a shift in the way Americans encountered,
interacted, and engaged with their landscapes.*”*
BONESTELL’S INTERPLANETARY SUBLIME

By the 20™ century, then, Americans had a good understanding of what the frontier meant
and what it looked like. Artists mapped out onto American plains, forests, and mountains a picture

of unparalleled sublimity, one that simultaneously served as the stage upon which a narrative of
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divinely ordained frontier conquest proceeded, and furnished the nation its unique character and
composed its mythical heritage.*” Certain ironies emerged, however, for the tale of the frontier was

. Q
one of “eventual decline,”**

as every frontier conquered was another one lost; progress and taming
the wilderness led ultimately to the closing of the frontier.””” Here opened room for the pursuit of a
new frontier. Most importantly, the visual language of the frontier had been developed, so the
visualization of this new one—space—would position it as a final, but familiar, frontier.

The depiction of space in this form was achieved most significantly by space artist Chesley
Bonestell, who, in McCurdy’s words, “did for space what Albert Bierstadt and Thomas Moran had
accomplished for the continental frontier.”*® The most prominent artist to do so, Bonestell helped
visualize spaceflight and the future in terms of landscapes and technologies, translating technical
ideas into visually stunning compositions, and showing Americans how space travel could be
achieved in this process.”” His artwork presented the unknown of outer space in immediately
recognizable forms by evoking the techniques of American sublime artists, rendering the planetary
vistas of space as knowable, traversable, and most importantly, conquerable places.” His visually
compelling paintings offered a look at the many frontiers housed in the vastness of space and,
importantly, also depicted in realistic and aesthetically striking ways the tools and technologies that
could get humans there, helping space travel seem more than believable, but achievable.

Before his prominence as a space artist, Chesley Bonestell led a varied career. Bonestell was

born in San Francisco on 1 January 1888, where the artistic community of the Rocky Mountain
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School had flourished.”” Having received fine arts instruction from an eatly age, and later trained in
architecture at Columbia University in New York, Bonestell worked as an architect from 1911
onwards, helping to design the Chrysler Building in New York and Golden Gate Bridge in San
Francisco as notable highlights of his career in 1927 and 1931, respectively.”” Later, he pursued a
career as a matte painter in Hollywood starting in 1938.>” Working on films such as The Hunchback of
Notre Dame (1939) and Citizen Kane (1941), Bonestell cultivated a talent for photorealism which,
combined with interests in astronomy, led to planetary landscapes of unmatched quality.””*

While Bonestell occasionally painted planetary landscapes during his spare time, or for family
and friends, it was not until 1944 that Americans were introduced to his portrayals of the
interplanetary sublime and he became the most prominent space artist of the Space Age.”” Life
magazine’s 29 May 1944 issue included a short article on the solar system featuring Bonestell’s
planetary artwork of Saturn, a planet he had painted once after having observed it at the Lick
Observatory when he was 17 years old.”” Now, readers of L could share in his fascinations,
delighted as they were by his interplanetary landscapes.”” In 1946 Lifz published more of his

paintings, this time in an article entitled “Trip to the Moon,” which, through a sequence of images

including views of Farth from space and the lunar landscape, took readers on a journey to the Moon
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and back.”” This theme was continued in his collaboration with Willy Ley on the seminal and highly
influential book on space travel, The Conguest of Space (1949), as mentioned in Chapter Two.”” In the
book, Ley urged his readers not to think of Bonestell’s artwork as “artist’s conceptions,” but rather
as close to the real thing as they could get.”’ Constituting a form of “virtual witnessing,” Bonestell’s
scientifically accurate artwork helped audiences behold the phenomenon of space travel without
directly encountering it, therefore helping to move these images into public acceptance as “matter of
fact.”"" When he collaborated with Wernher von Braun on the 1952 Collier’s seties, Bonestell’s
artwork helped elevate the engineer’s ideas of space travel into visually striking forms, helping to
define elements of the Space Age and contributing in very large part to the cultural purchase of the
series in the United States.”” The popularity of Bonestell’s landscapes and the countless imitations
of spaceships rendered in Bonestell’s style are testaments to his popularity.””

Rendered in masterful detail, Bonestell’s paintings were aesthetically stunning and instantly
recognizable as they evoked elements of 19" century sublime landscapes. Although Bonestell was an
atheist and did not intend to impose upon landscapes a sentiment of divinity or destiny, numerous

scholars have commented on the kinship of his techniques with those of American sublime artists.”!*

The works of American sublime artists and Bonestell both used elevated perspectives, depicted
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explorers practically miniature in comparison to their enormous surroundings, and exaggerated
geological features to convey grandeur.””” Though he never acknowledged any influence of the
Rocky Mountain School, Bonestell was aware of the techniques, compositions, and elements that
made images compelling, and
employed them in his planetary
landscapes.”'® His realistic and
scientifically accurate paintings
therefore evoked the same qualities
of the sublime coveted by the
American landscapes artists of the

19" century, and depicted the

contours of the frontier in his

Figure 6. Chesley Bonestell, Saturn as Seen from Titan, 1944. Courtesy, Bonestell
LLC. portraits of the unknown.”"’

As both Sage and Newell have observed, Bonestell essentially formulated a vision of space as
the next frontier by transposing elements of American frontier onto the topographies of distant
celestial bodies, thereby rendering unknown places as knowable, and therefore conquerable.”®
Moreover, an important dimension of Bonestell’s art was also his visualizations of the technology,

informed as he was by Ley and later von Braun,’" to take humans to this new frontier. An example

of virtual witnessing, Bonestell’s paintings helped audiences see the space frontier and the means by
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which they could be reached and possibly conquered, thereby helping to entrench images of space
technologies in Americans’ popular consciousness, especially through magazines like Life or Collier’s
ot books like The Conguest of Space.” Just as American landscape attists who transformed the public’s
perceptions of the wilderness, so too did Bonestell help demystify the hostility and strangeness of
outer space, but also by offering a vision of technological triumph over its harshest aspects.
SPACE TRAVEL BEFORE SPACEFLIGHT: THE AMERICAN SPACE TRAVEL FILM

This sort of visualization was then extended in cinematic depictions of spaceflight, which
inherited and further popularized the dominant ideas of technology and space conquest by
employing elements of Bonestell’s sublime pictorial language. Even before the Co/lier’s space series
or Disney’s “Man in Space” programs, space travel films helped realize in full form what space
conquest would look like and advocated for its necessity. They presented space travel ideas and
technologies through what David A. Kirby has called “diegetic prototypes,” that is to say, “cinematic
depictions of future technologies,” whose value, necessity, and significance are depicted on the
screen as natural elements in the fictional world of the film—the diegesis.” In this vein, space travel

films thus acted as “virtual witnessing technologies,”**

presenting their diegetic prototypes in
dramatic and affective ways, thereby allowing audiences to expetience space travel through film.**
Technical possibilities were embedded into cinematic narratives that more meaningfully conveyed
the values of space travel, and these kinds of stories “made space travel comprehensible to the

popular mind.””** It is thus a meeting of natrative, and technological, social, and cultural

verisimilitude in the film’s diegesis that contextualizes a scientific endeavour, which, in turn may
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produce public support or technological change.”™ Although these space travel films were limited in
some respects—particularly in regards to gender and race, as we will see—they often excelled in
visualizing future technologies and how they might enable the conquest of distant frontiers.

Most notably, in the 1950 American science fiction film, Destination Moon, realism, the
interplanetary sublime, technological reverence, and space travel advocacy intersected in meaningful
ways and helped, as Kirby has suggested, contextualize space travel for audiences in the 1950s.>*
Although pulpy space opera serials like Flash Gordon, Captain Video, and Space Patro/ were popular
around the 1930s to the 1950s, and featured some basic spaceflight ideas, they did less to present
spaceflight realistically.”®” Destination Moon, on the other hand, built on the legacy of Frau im Mond
and stood as an extension of space travel popularization joined with technical realism and a vision of
space as a frontier.” With prototypes of space technology and a vision of the first stages of space
conquest, audiences virtually witnessed the United States might take steps to conquer the new
trontier in Destination Moon, an act populatly constructed to be very much in the nation’s character.

The film originated with Hungarian-born producer George Pal, and his desire to capitalize
on growing public interest in spaceflight, along with his own fascination with the subject, stoked as it
was by Liff's 1946 “Trip to the Moon” article illustrated by Bonestell.” In 1949, Pal purchased a

screenplay co-written by Alford “Rip” van Ronkel and science fiction author and spaceflight

enthusiast Robert A. Heinlein, as based on Heinlein’s juvenile science fiction book Racket Ship Galileo
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and his other writings.” The filmmakers also recruited Bonestell as a consultant and painter,™"
whose lunar backdrops constituted the key link between his interplanetary sublime and the film’s
depictions of space travel. Moreover, Pal, Heinlein, Bonestell, and director Irving Pichel were all
dedicated to scientific accuracy and technical realism in the film; besides relying on Bonestell’s
advice, as well as Ley’s Rockets and The Conguest of Space, Heinlein even wrote out calculations for
mass ratios, trajectories, jet speeds, and fuel requirements, whose results, he believed, would
contribute to the film’s verisimilitude, even if they did not directly appear in the film.”* Heinlein
especially sought to create a genuine and believable film to encourage audiences to support space
travel.”” To these ends, the film brought a legacy of space popularization to life, realizing in dynamic
form the prophecies of the pioneers of astronautics.

Destination Moon follows industrialist Jim Barnes, American General Thayer, rocket engineer
Charles Cargraves, and technician Joe Sweeney on a mission to the Moon against the wishes of the
American government. After Cargraves’ first rocket fails, possibly as a result of sabotage, Thayer
convinces Barnes that only American industry can build the spacecraft to reach the Moon, an effort
important to the General. Once industrialists and investors are gathered to have the idea pitched to
them, Thayer explains his reasons in full to the room (and the audience). As an overture to the space
advocacy of the 1950s and a reflection of Heinlein’s beliefs, Thayer argues that space supremacy

means global supremacy: attacks from space cannot be stopped, and the first country to establish a
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military base on the Moon will control the Earth.”** “The race is on,” he says, foreshadowing the
Space Race to begin later in the decade.””

Despite the national security angle of the endeavour, before Thayer makes his appeal to the
room, Barnes renders space travel in romantic terms, which ultimately becomes a greater focus of
the film. When asked by one of the potential investors what the payoff of going to the Moon is,
Barnes answers: “Dollars and cents? I don’t know. I want to do this job because it’s never been
done. Becanse I don’t know. It’s research, it’s pioneering,” he says. “What’s the Moon? Another
Notth Pole, another South Pole. Our only satellite—our nearest neighbour in the sky!”” To Barnes,
the Moon is another arena to explore, another frontier to cross. Following a didactic animated
sequence outlining the basics of space travel, Barnes declares before the tycoons of American
industry that the effort to reach the Moon is “the greatest adventure awaiting mankind.”””” Between
issues of national security, and a fascination with this unexplored place—a fascination mythically
posited as being quintessentially American*—space travel seems imperative.

After the characters make their daring trip to the Moon, their landing on the lunar surface
dramatically depicts the meeting of the sublime, imagined space technology, and an articulation of
the frontier myth all at once, visualizing Barnes’ “greatest adventure.” After stepping out of the
rocket-ship amidst a sweeping lunar backdrop painted by Bonestell, Cargraves declares that: “By the
grace of God, and in the name of the United States of America, I take possession of this planet on
behalf of, and for the benefit of, all mankind.””” Here, audiences virtually witnessed not only the

first American lunar journey, but also an expression of America’s cosmic manifest destiny upon the
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new frontiers of space.” This space frontier is depicted in familiar terms, with Bonestell’s
mountainous and majestic lunar vista constituting the sublime environment surrounding the
astronauts who claim the Moon, who essentially represent what Newell has observed to be “the
revitalization of the frontiersman.”*' In Destination Moon, the project of space conquest is thus an
extended expression of American character; moreover, it appears as a feasible project because it is
realistically depicted. Importantly, all throughout this film runs a reverence for the technology,
rocket-ship Luna, that gets the astronauts to the frontier. Both in its dramatic liftoffs and
superimpositions against the sweeping lunar vistas, audiences are reminded that a journey across
frontiers—and the receipt of its benisons—is impossible without the rocket-ship.

An optimistic tale of how space can be conquered by humanity and their machines, one
might read Destination Moon’s first steps toward conquest analogous to the westward movement of
American pioneers, especially as the film ends with a card reading, “This is the End...of the
Beginning!”* A qualified success, this spectacle of technical realism and visualization of space
conquest resonated with audiences, raked in $5.5 million for the film’s distributor, Eagle-Lion,
received enthusiastic reviews, and won an Oscar for best special effects, helping Pal secure a
contract with Paramount Pictures to produce other influential science fiction films, like When Worlds
Collide (1951) and The War of the Worlds (1953).>" A cinematic success and bid for space exploration,

Destination Moon also served as a touchstone for visualizing the next stage of frontier conquest.
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Although not as popular, the film Rockezship X-M also joined Destination Moon in 1950 on the
silver screen, another offering for audiences to virtually witness space technology and the promises
and perils of interplanetary adventure. Produced on a budget of $94,000, Rockezship X-M was
developed to compete with Destination Moon and capitalize on its marketing and popularity, rushed to
completion to beat the release of Pal’s film.”* In envisaging its interplanetary voyage, the film
depicted a rocket directly inspired by the work of illustrator Noel Sickles for a 17 January 1949
article in Lif called “Rocket to the Moon.”* Less photorealistic than Bonestell’s artwork, Sickles
still employed similar techniques in rendering his lunar vistas in Lsfe, and furnished readers with a
look at what a lunar trip may look like, including the necessary technology.”* This image of the
rocket was essentially put into motion and contextualized in Rockezship X-M’s narrative. In short, the
film tells of a crew bound for the Moon on a precursor mission to establishing a military base until
circumstances send them careening to Mars. Once there, they find the remains of a civilization
ruined by atomic destruction. Attacked by the last of the planet’s inhabitants, now resembling
primitive humans, the few surviving crewmembers escape to the rocket-ship (the R-XM) and return
to Earth. Although they are unable to land successfully, the astronauts deliver their message of the
dangers of atomic weaponry and warfare to the denizens of Earth, before perishing in the crash.*"

Less a tale of outer-space conquest, and more a reflective, cautionary tale on the dark
potentials of technology,™® Rocketship X-M still implies that the specter of annihilation is to be

overcome through the salvation afforded by more benevolent technologies and their applications,

5% Schauer, Escape Velocity, 53; Booker, Alternate Americas, 5; Schauer, ““The Greatest Exploitation Special Ever’,” 17;
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especially where spaceflight is concerned. The salvatory value of space travel is conveyed at the end
of the film by the character Dr. Fleming, the R-XM’s project director, who addresses reporters after
one of them suggests the flight was a failure following the crash. Fleming tells them that the
expedition of the R-XM has proven that space travel is possible and practical, “and it has supplied
us with information which may well mean the salvation of our own world.”*” To him the flight was
anything but a failure, and he declares that the construction of a second spaceship, the R-XM-2, will
commence tomorrow.”” In the context of the film, salvation is only made possible not only by the
discovery and traversal of extraterrestrial frontiers, but also by the spaceship getting the astronauts
to the frontiers of Mars, and it is there that they learn of the horrors of atomic warfare. While media
theorist Vivian Sobchack has argued that Rockezship X-M treats the spaceship as a neutral utility, “a
mechanical convenience which, devoid of wonder, will carry the crew to visually exciting
adventures,”" from this vantage, it represents a harbinger of salvation, and is aligned with the
positive depictions of the spaceship in films like Destination Moon, The Conguest of Space (1955), or
Forbidden Planet (1956).”* Rocketship X-M also portrays landscape less as land to conquer, but as an
arena wherein social rejuvenation may be won, thereby promising the same benisons afforded to
those who discover and traverse such places, reiterating a basic tenet of the frontier myth.

Rocketship X-M performed admirably against its budget, bringing in $650,000 at the box
office, although it hardly lived up to the standards of Destination Moon.>> As more science fiction
films appeared in following years, their growing popularity perhaps indicated an emerging national

fascination,” as the basic ideas of spaceflight technology and frontier conquest were repeated in a
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variety of films. When Worlds Collide (1951), for example, another Pal produced film, though not
chiefly focused on spaceflight, still presented space travel technology in meaningful ways. In the
film’s plot, a celestial body is rapidly approaching Earth on a collision course.” Rendered in
positive, even reverential, terms, spaceflight in this case is humanity’s only escape from certain

doom, the spacecraft an ark to ferry survivors away from the Earth and to a new planet.”

Depicting
space technology in this way was a boon to the popularization of spaceflight. These space travel
films thus depicted space travel technology as believable and practical devices and contextualized
them in terms of frontier conquest or the preservation of humanity.

While Destination Moon set the standard for space travel films,”’ not all that followed matched
or even came close to its technical realism, use of imagery, or dedication to accuracy. Lesser-known
and less popular space travel film Flght to Mars (1951), for example, made by the same team
responsible for Rockezship X-M, resorted to a pulpy narrative of reaching Mars, where Martians (who
simply look human) bent on conquering Earth are encountered.” Besides a few shots of a
Bonestellian model rocket ascending and flying through space, the film lacks meaningful
visualizations of technology or landscape.” Two years later, Cat-Women of the Moon (1953), what film
historian and critic Bill Warren has called “one of the most alarmingly awful films in the history of
movies,” used spaceflight only as set-dressing for its outlandish plot of feline lunar inhabitants.””

Remarkably, audiences would have still been treated to views of Bonestell’s interplanetary sublime,

5% For a summary of the film, see: Warren with Thomas, Keep Watching the Skies!, 894, more generally see 894-900.
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as some of his moonscapes were used in the film, though he went uncredited.” 1953 also saw the
release of Project Moonbase, a space adventure film produced with Heinlein’s cooperation, although
the film was a far cry from Destination Moon.>** Cobbled together from pieces of an unaired television
show, the film did at least depict a disclike space station in the film’s future setting of 1970, along
with the preliminary establishment of a lunar base.”” Amidst a somewhat muddy plot involving a
duplicitous saboteur bent on destroying the space station (fortunately, he is thwarted), the film
offered sequences of the space station facilitating lunar exploration by sending out a lander craft to
the Moon, as well as a sequence of astronaut Major Moore crossing a lunar vista reminiscent of
Bonestell’s paintings.”™* Although astronauts Colonel Briteis and Major Moore end up stranded on
the lunar surface, their vessel becomes the first installation for a future lunar base, as well as 2 home
for the new settlers. While not a popular film, Project Moonbase nonetheless explored and reiterated
the basic ideas of space travel, perhaps even patterned after von Braun’s comprehensive vision of a
space program that included a near-Earth space station to facilitate additional expeditions.”

By 1955, the handful of American space travel films that followed Destination Moon struggled
in some respects to depict space travel in meaningful and technically accurate ways, yet they still
facilitated and indicated an entrenchment of the basic ideas of spaceflight. These films represented
both responses to, and producers of, public interest in spaceflight, and may have been at least partly
responsible for the shift in public perceptions, as reflected by the Gallup poll numbers for 1955

mentioned in Chapter Two.” While numerous factors, including the publication of the Collier’s
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space series and Bonestell’s artwork, contributed to this increase, it is likely that science fiction and
space travel films had a role to play in this as well. With popular television programs such as Ton
Corbett, Space Cadet ot Space Patrol airing from 1950 to 1955, American audiences were well furnished
with a variety of visions of space travel that contributed to their growing acceptance of its
possibilities, especially if such media took steps to ensure accuracy and believability.”’

These visions were advanced again in 1955, when George Pal released Conguest of Space, a
film inspired by Ley and Bonestell’s book The Conguest of Space (1949).°°® The film was patterned after
the ideas of the space program and its eventual Mars expedition forwarded by Wernher von Braun
in his articles for Collier’s, and presented diegetic prototypes of technologies envisioned most
recently by Bonestell, including a crewed, wheellike space station (called “the Wheel” in the film), a
winged spacecraft, and “space taxis,” to ferry astronauts from the station to the rocket-ship
suspended next to it.”” Unfortunately, the film performed poorly, making $1 million against its
budget of $1.65 million, and was hampered by a lackluster plot.”” Nonetheless, Conguest featured
accurate visualizations of spaceflight ideas that Ley, von Braun, and Bonestell had been popularizing
for years, helping to further disseminate space travel ideas, even if it was limited in reach.””!

The film’s plot concerns the first expedition to Mars, where on account of one of the

astronaut’s madness, the spacefarers are stranded on the red planet and must survive until they can

return home by rocket.””> More important than its story is how it visualizes a crewed space station,
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described by the film’s narrator as “an observation post in the heavens, and a place where a
spaceship can be assembled and then launched to explore other planets and the vast universe itself
in the last and greatest adventure of mankind, a plunge toward the conquest of space!””” Reiterating
von Braun’s position that a space station is a “springboard” for planetary exploration,”™ the film
then allows audiences to virtually witness how it might look, feel, and function. Moreover, when the
stranded astronauts on Mars await the planet’s proper orbital alignment so they can blast off and
return home, astronaut Imoto plants a seed from Earth to determine whether life can flourish on the
desolate planet. Later, it snows on Mars (and in time for Christmas), and after the astronauts prepare
to make their return journey some months later, Imoto is thrilled to find that the seed has produced
the first green shoots of a flower.”” Coupled with the shots of the Martian landscape, evocative of
Bonestell’s interplanetary sublime, the film implies that, given enough time, perhaps Mars and other
worlds could be shaped in the image of Earth, offering a truly new wilderness to conquer. As the
budding flower and the film’s celebration of space technology suggest,” life will flourish there as
long as humanity embraces the technologies and tools necessary to the conquest of space.
ToO WIN THE SUBLIME FOR ALL AMERICA

Although Conguest of Space underperformed at the box office, the cultural Space Age was fast
becoming entrenched in the daily lives of Americans. This was the cumulative by-product of
numerous sources of popularization, including films, television programs, publications, and
paintings alike. Moreover, finned automobiles resembling rocket-ships, space-themed toys, and even

fashion, like André Courreges’ “Moon Gitl” collection of the 1960s, reflected how spaceflight
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enthusiasm and its iconography began dominating the landscape of popular culture.”” With
numerous pieces of media and spaceflight popularization making promises in the 1950s, it is perhaps
no surprise that the launch of Sputnik was initially met with some enthusiasm from a portion of the
American public.”™ Perhaps Sputnik provided a suggestion that the space fantasies of the screen and
printed page were to materialize in reality at last, and all the possibilities offered by Bonestell’s
painted frontiers and film’s daring expeditions would come to fruition. By the late 1950s,
decisionmakers within the NACA and later NASA had also grown receptive to space travel,
priotitizing activities like lunar landings as major milestones in their planning.”” Their focus
remained centered on human space travel, and spaceflight media in general coveted the role of the
pioneer travelling to the frontiers of space to conquer them.”® McCurdy has suggested that this
focus on human space travel helped “promote the belief, dominant within many sectors of
government, that space flight could not survive within political circles unless it emphasized human
flight.”** Indeed, the dominance of spaceflight media, as Miller has pointed out, not only “reflected
contemporary fascination with space travel,” but also served to inform the government, one
preparing to spend billions on space travel, that its taxpayers were invested in the prospects of

spaceflight.”® It may have also served as an indication of where exactly those interests lay.
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Imaginative visual media had most cogently expressed the connections between the frontier
and space travel, thereby supplying a framework to justify projects of space exploration within
government and to the public. The goal of a lunar landing in the United States was significant for
“the Moon offers a landscape,” one that could be positioned analogously to terrestrial territories and
facilitate the revitalization of “motifs familiar to accounts of the American West.””® The Moon
supplied the human space program with the stage upon which America’s next frontier drama could
take place.”™ Rushing has atticulated how one of the requisite elements of a cultural myth’s
performance is a scene, and in the American context it is the “harsh frontier range” upon which the
“rugged individualist” uses “horses, guns, and force” to conquer the land and its inhabitants for the

%% thereby fulfilling the tenets of manifest destiny.”® By the

purpose of “[expanding]| the country,
1960s, it was the frontier range of distant planets that the astronaut travelled to in spaceships, relying
on ingenuity to conquer the cosmos.” In this vein, Newell has argued that Bonestell’s paintings
encouraged the United States to go to the Moon, precisely because of how he depicted lunar
landscapes as the new frontier.”® Similarly, space travel films had depicted space as the next frontier
by employing Bonestell’s sublime visual language in this same manner.

While President John F. Kennedy’s commitment to land a man on the Moon was a political
response to the Soviet Union in the midst of the Cold War,” it may have also been a means of

indicating that not only was the United States the world’s preeminent technological leader, but also

its principal frontier-crossing nation. Jennifer Burwell has explained that when Spufnik entered orbit,
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space became “a Russian territory,” or at the very least, threatened to become one.”” From this
vantage, the Soviet Union also threatened the United States’ self-proclaimed status as the leading
nation of pioneers, whose mythologized and romanticized history of frontier conquest underpinned
the nation’s character. Every Soviet space first eroded the mythical destiny of the American
nation—a destiny which had for years been shown in various media as especially compatible with
space exploration—thereby prompting a response from America’s leaders on equal terms. With the
popular culture of spaceflight built around the ideas of cosmic destiny advanced in space travel
media, it is possible this created a cultural and political climate wherein space activities became more
than ephemeral to the American character, but rather, deeply ingrained.”
ODYSSEYS FOR A NEW ERA

By the late 1960s, screens were also awash with the television adventures of S7ar Trek which
confidently declared space to be “the final frontier” before every episode, an assertion made
possible, perhaps, by all the spaceflight media that had preceded and informed it. Films continued
offering visions of interplanetary flight while the United States embarked on the real effort itself. As
a result, the spectacle of space travel was less emphasized than it had been in previous films, while
its implications and possible adventures continued receiving attention. Although 72 #o the Moon
(1960) tollowed Destination Moon by depicting a lunar journey, notably by an international crew, it
quickly turned to a pulpier narrative involving hostile lunarians, and The Phantom Planet (1961) used

space travel more as a backdrop for its story of a society upon an asteroid beset by alien invaders.””
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In 1964, Robinson Crusoe on Mars similarly employed space travel as a means of getting the protagonist
to the scene of the drama. Spaceflight as a reality was taken more for granted in the film, the focus
rather on Commander Christopher Draper’s efforts to survive on Mars, whose landscapes evoked
the forms of a sublime scenery. As with Conguest, Crusoe on Mars also depicted how astronauts might
overcome the hostility of worlds ox# there—an outer space frontier whose tribulations of survival
remain in some ways analogous to those one might encounter on Earth (although some of Draper’s
challenges and triumphs remain decidedly otherworldly). Draper’s eventual success and capacity to
thrive on the alien planet indicates that astronauts of the future might do the same. Moreover, the
spacecraft here is also representative of and literally a means of salvation in the film. Draper, his
monkey companion Mona, and extraterrestrial compatriot, Friday, are able to escape once a
spaceship arrives to rescue them, having received Drapet’s distress calls at last.”

Stanley Kubrick’s 2007: A Space Odyssey (1968), then, the most significant science fiction film
to emerge out of the 1960s, combined the realism of Frau im Mond, Destination Moon, and Conguest of
Space with promises of an incredible spaceflight future visualized through spectacular and highly
realistic special effects.” Replete with sequences of a familiar but modern rotating wheel space
stations, routine commercial spaceflight, lunar bases, and voyages far into the solar system, 2007
allowed audiences to virtually witness a future they were presumably on the cusp on, especially as
Apollo 8 took astronauts on a circumlunar voyage the same year the film released. Where Frau im

Mond ot Destination Moon raised questions about “how do we get there?,” 2007 asked, “where are we

going nex?”** Now that space travel had been achieved, 2007 built upon reality by projecting
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nascent space travel feats decades into the future.”’’

In 1966, replying to Joseph V. Charyk, president
of the Communications Satellite Company, who had requested information on 2007, Roger A.
Caras, vice president of Kubrick’s production company, wrote that the film “promised to be an
authentic projection of contemporary technologies 35 years into the future,” and that, with the
expert advice received from various organizations, “the film [would] be a veritable crystal balll”>”
2001 thus promised a glimpse into a future opened only in space.

The film thematically offered a vision of salvation and rebirth through spaceflight as well.
The plot follows humanity’s encounters with a strange extraterrestrial monolith whose visitations
seem to encourage the evolution of whomever it meets.” First during the early days of Earth,
apelike humans learn to use bones as tools and then weapons after their encounter with the
Monolith. Many thousands of years later, spacefaring humans discover the Monolith on the Moon
and, following a signal it emits, travel to Jupiter to learn of its origins. The rest of the film follows
the crew of spaceship Discovery on this voyage. As the crew of the ship later face the onboard A.L,
HAL 9000, who goes rogue and begins killing the astronauts, this negative view of technology®” is
balanced with the salvatory aspects of space technology, much in the style of Rockezship X-M. The
film’s eponymous odyssey is complete after the last surviving astronaut, Dave Bowman, crosses the
infinite in a near-psychedelic sequence of imagery, indicating his journey toward the source of the

Monolith, and then is later reborn into a “Starchild” who returns to Earth. Threatened as the planet

is with the specter of nuclear annihilation, as possibly indicated by a bomb-carrying satellite orbiting
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" this evolved Bowman has presumably returned to save

the planet in the first half of the film,
humanity. Importantly, then, this entire odyssey is only possible because of space technology:
Bowman is taken to Jupiter by Discovery, and “beyond the infinite” in a small spacecraft. Science
fiction author Arthur C. Clarke, who co-wrote the film, and Kubrick almost argue that spaceflight
can help evolve humanity, although perhaps only with the prerequisite extraterrestrial contact.””
IMPACTS AND LIMITS

Whether it was Bonestell’s paintings or space travel films, imaginative visual media conveyed
to American audiences a thrilling image of space travel and helped foster a growing popular culture
that coveted the icons and adventures promised and envisioned in this media. They were important
means of familiarizing the nation with the prospect of space travel, just as American landscape
artists depicted the natural wonders of the country’s wilderness and transformed them into places
full of meaning. Similarly, just as Moran’s watercolours encouraged Congress to establish
Yellowstone as a national park, one might consider that so too did Bonestell’s paintings help
encourage the public and decisionmakers to establish space, and the Moon, as the next stage of the
performance of America’s frontier myth.*” Space travel films then utilized the motifs and imagery of
Bonestell’s artwork, contextualizing them in terms of space frontiers and technologies necessary for
cosmic adventures, thereby contributing to making spaceflight seem believable, if not desirable when
depicted as compatible with the nation’s character. When Kennedy made a commitment to reach the
Moon, it therefore seemed like no idle fantasy, but a natural evolution of the national character.

Moreover, numerous scholars point out how Bonestell’s artwork inspired numerous

scientists, engineers, astronauts, writers, and artists, thereby contributing to public understanding,

601 Peter Krimer, 2007: A Space Odyssey, BFI Film Classics, (London: British Film Institute, 2010), 43-44. In an catlier
draft of the script, which featured significant voiceover narration, the spacecraft, featured in the famous match-cut scene
in 2001, was to be explicitly identified as the carrier of a nuclear bomb.
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003 See: Sage, “Framing Space,” 48; McCurdy, Space and the American Imagination, 51; Newell, Destined for the Stars, 15, 95.
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producing additional populatization, and encouraging others to take roles in the aerospace field.”” Tt
is more difficult to map out the direct impacts of film, but some examples that indicate their
potential effects remain. The entire career of German engineer Krafft Ehricke, for example, was a
product of watching Fran im Mond when he was 12 years old.”” So moved by the film, he dedicated

his life to rocketry and space travel, and eventually went to work at Peenemiinde.”

Coming to the
United States through Operation Paperclip, Ehricke was later central to designing the Centaur
rocket stage which, mated to an Atlas, in 1966 took Swurveyor probes to the Moon in preparation for
the Moon landings.”” As an indication of the power of cinematic inspiration, Ehricke’s example is
suggestive of film’s capacity to inspire and motivate. Moreover, as with science fiction, films were
useful in creating expectations about the future of spaceflight.””® As McCurdy has pointed out, when
NASA pursued the construction of a space station in the 1980s, many people at the agency assumed
it would resemble a large wheel, as visualized by 2007.*” In effect, they were hoping for the station
described in 1897 by Lalwitz, championed by von Braun and Bonestell, and updated in 2007.

For all of their stunning visualizations of a space future, the effect of visual media, and space
popularization in general, was at times somewhat limited. While they contributed to public
enthusiasm, this enthusiasm hardly translated directly to public support or broad understanding.®"
As Launius and Bainbridge have shown, the American public did not particularly clamour for space
travel in the 1960s, and generally, there were more people in favour of cutting budgets for
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spaceflight than there were those in favour of raising it.”" By the same token, however, just as there
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were those opposed to financing Apollo in the 1960s, there were also those consistently in favour of
it, even if they often made up the minority.®* The numerous cultural artifacts—from books, articles,
paintings, films, toys, games, and fashion—of the 1950s and 1960s indicate a national fascination,
one whose shape was determined by the producers and responders to space-related media, as well as
by the petiod’s technological advances.’"” Popular enthusiasm did not always result in equivalent
levels of support, but the presence of attitudes in favour of space travel are worth weighing in equal
measure alongside contrary opinions. Such positive views were the results of numerous factors,
among which space travel popularization, including film and visual media, was likely a large part.

Imaginative visual media had other limits, however. Though films excelled in visualizing the
technologies and adventures of the future, many struggled in depicting future human societies,
particularly where gender and race were concerned.”* The structures of 1950s and 1960s American
society were typically ossified and injected without alteration into these films, despite their futuristic
ot utopian contexts. There are almost no women in Destination Moon or Conguest of Space, and none in
Robinson Crusoe on Mars, for example. When they do appear, they are concerned wives or mothers
and do not participate in the journeys across space.’” In 2007, although some women are portrayed
as scientists and ranking authorities, they are principally stewardesses or secretaries, and none join

the astronauts onboatrd Discovery.’™

612 Taunius, “Public opinion polls,” 166-167, 167 fig. 5; Roger D. Launius, “Why go to the moon? The many faces of
lunar policy,” Acta Astronautica 70 (January-February 2012): 168, 169 fig. 2.

613 Miller, “Spaceflight and Popular Culture,” 501, 511; Rosenberg, “Far Out,” 168; Crouch, Ainzing for the Stars, 119;
McDougall, ...#he Heavens and the Earth, 99-100; Scott and Jurek, Marketing the Moon, 3.

014 McCurtdy, Space and the American Imagination, 298, 300.

15> Bonnie Noonan, Women in Fifties Science Fiction Films (Jefferson, North Carolina, and London: McFarland & Company
Inc., Publishers, 2005), 39. As Lorrie Palmer and Lisa Purse mention, there are a number of women astronauts in science
fiction, like the heroines in André Laurie’s The Conguest of the Moon (1889), George Gritfith’s /A Honeynoon in Space (1900)
and Arthur Train and Robert Wood’s The Moon Maker (1915). The spacewoman as a character did not, however,
“progress as it naturally might have,” in the popular fiction that followed in the mid 19* century. See: Lorrie Palmer and
Lisa Purse, “When the astronaut is a woman: beyond the frontier in film and television,” Science Fiction Film and Television
12, no. 1 (February 2019): 3-4.

16 Bonnie Noonan, Gender in Science Fiction Films, 1964-1979: A Critical Study (Jefferson, North Carolina: McFarland &
Company, Inc., Publishers, 2015), 58-60. See also: Stanley, Michalski, Smith, and Zani, Martian Pictures, 113.



111

Though some space travel films did portray women in active, positive roles, there were limits
in those depictions as well, reflecting the gender dynamics of the 1950s and 1960s. Dr. Lisa van
Horn in Rocketship X-M is depicted positively, for example, as she has made the R-XM’s flight
possible by her scientific genius, yet the film still places her character into a romantic subplot with
Col. Floyd Graham who challenges “both [her] role in society as well as her commitment to her
gender.””"” At one point, when Dr. Van Horn says Col. Graham must believe that “women should
only cook, sew, and bear children,” he replies, “Isn’t that enough? There’s such a thing as going
overboatd in the other direction too, you know.”*"* Another example includes Project Moonbase’s
Colonel Briteis. Though a skilled pilot and astronaut, she is repeatedly talked down to by General
Greene who clearly favours Major Moore.””” Both men are disgruntled that she is to pilot the first
spacecraft to the Moon, and Greene seems to indicate toward the start of the film that her selection
for this task and rank as Colonel has nothing to do with her skills, but rather because of some undue
favouritism for, as it is revealed at the end of the film, the president is 2 woman.”” While it is
interesting to feature a woman as the president, both her and Briteis are, as Warren writes, treated

621

with a “smirking quality,” and therefore taken less seriously.”” Moreover, when at the end of the

film Major Moore and Colonel Briteis become quickly romantically entangled and are married off
(Gen. Greene and the White House agree that it would be better for the two to be married as the

sole occupants of the makeshift base while awaiting the atrival of space command personnel),**
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Moore is promoted to Brigadier General, outranking Briteis and rearranging their relationship both
in terms of marriage and military rank.®”

In both gender and race, space travel films ended up rather unimaginative, struggling along
the same lines as the space-themed Co//ier’s issues, which suffered from the same lack of
imagination.”” Even in Forbidden Planefs (1956) depictions of the 23" century, Booker points out
how the ethnically homogenous, solely Caucasian crew of spaceship C-57-D hailing from the
“United Planets” reflected a “failure to imagine advanced social, political, and economic structures
that might overcome the present-day problems of the society in which it was produced.”** Booker
considers this to be generally representative of 1950s science fiction film.** Indeed, diversity in
crewed space stations or space voyages is rarely glimpsed, except perhaps in 1960’s 72 7o the Moon
which depicted an international crew, though Warren has noted that the characters are mostly
stereotypes of their nationalities.””” While the 1960 East German/Polish science fiction film, Die
schweigende Stern (The Silent Star/ First Spaceship on Venus), depicted a somewhat diverse crew and an
intrepid woman astronaut, representations of more diverse futures were more directly confronted by
the television series Szar Trek, but in other ways also repeated patterns of the past.”” Booker points
to pressures on Hollywood during the period to sidestep more liberal depictions in the anti-
Communist climate to explain, in part, this hesitancy to embrace more fulfilling depictions of utopia

in films.®” He also explains that social upheaval and the changes in and pressures on longstanding
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societal dynamics in the 1950s and 1960s produced a “social vertigo,” and that “American audiences
turned to films not for indications that change was possible but for reassurances that some things

0% As successful as space travel films were in extrapolating

might, after all, remain the same.
technologies and presenting spaceflight as possible and valuable, they were less adept in representing
the political and social changes that might flourish in futures where space travel is commonplace.
THE INTERSECTIONS OF VISION AND REALITY

Portraits of distant planets and cinematic adventures of space travel effectively
communicated the promises and values of spaceflight to American audiences in the 1950s and
1960s, helping to foster the cultural Space Age before the realization of space travel itself. At a
fundamental level, imaginative visual media constituted significant dimensions of spaceflight
popularization, and transformed ideas into icons. These icons were then embedded in a multitude of
narratives hearkening back to the promises of the American frontier. Chesley Bonestell fostered
visual linkages between the conquest of frontiers and the conquest of space, rendering the infinity of
new lands to discover in his planetary vistas reminiscent of American sublime landscape art. As
space travel films utilized and alluded to Bonestell’s artwork, so too did they associate space travel
with this sublime imagery and the promises of cosmic destiny. By also depicting the future space
technologies that would enable adventures to these frontiers, film introduced American audiences to
space travel as something possible, practical, and desirable, even an extension of what it meant to be
American. It was in this context that space travel received presidential assent with the decision to go
to the Moon. Films and images had contextualized space travel in a way that cemented space as the
next frontier, thereby rendering Kennedy’s decision more than a demonstration of global leadership

but a reassertion of America’s mythically constructed character. So long as space was the next

frontier, the United States would seek to conquer it.
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CONCLUSION: A CONQUEST OF THE COSMOS

Eleven days prior to the launch of Apollo 11 on 16 July 1969, astronauts Neil A. Armstrong, Edwin
“Buzz” Aldrin, and Michael Collins arrived in Florida to attend a press conference, their last
appearance before their voyage to the Moon.””! Amidst fielding questions from more than two
hundred eager journalists, Armstrong announced that callsigns for the spacecraft taking the
astronauts to the Moon had been decided.”” The Lunar Excursion Module (LEM), which would
sepatate from the Command/Service Module (CSM) mothership and descend to the Moon’s sutface
had been dubbed Eagl, and the CSM would carty the name Columbia.”> “Columbia is a national
symbol,” Armstrong told reporters. “Columbia stands on top of our Capitol and, as you all know, it
was the name of Jules Verne’s spacecraft that went to the Moon in his novel of one hundred years
ago.””* A reference to the Columbiad space gun that fired Verne’s projectile and its spacefarers
around the Moon, the tribute was clear and fitting.”” Commander Armstrong recalled Verne’s
prophecies again when addressing audiences tuning in television broadcasts of Apollo 11’s return
journey to Earth on 22 July. “A hundred years ago, Jules Verne wrote a book about a voyage to the
Moon,” he said. “His spaceship, Columbia, took off from Florida and landed in the Pacific Ocean
after completing a trip to the Moon.”* Calling their spacecraft “the modern-day Columbia,”

Armstrong pointed out that it was headed for the Pacific Ocean, just like Verne’s spacecraft.”’’
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Connecting Apollo’s trip to the Moon to Verne’s space travel adventure “[reminded] the
world that a seemingly impossible dream can spark curiosity and motivate others to make it a
reality.” The titanic efforts behind the Moon landing, the probes and satellites, the rocketry, and
the basic theory underlying it all were the results of decades of intensive research, experimentation,
engineering, and great financial expenditures. The trail had been blazed by theorists, engineers, and
politicians, but also dreamers. From the earliest inkling that a rocket might take a human to space, to
the missions that made it so, space travel in the United States was the product of numerous forces,
all throughout which ran threads of imagination. When Armstrong set foot upon the grey, dusty
surface of the Moon on 20 July 1969, President John F. Kennedy’s mandate been fulfilled—doubly
so when the crew returned home safely—and so too had the prophecies of the foreseers, pioneers,
and prophets of astronautics been realized.

This thesis has argued that imagination, broadly defined, was an integral part of making
space travel possible. Imaginative ideas were conveyed to individuals in fantastical, fictional, and
extrapolative works that proved to be inspirational. Science fiction was a valuable source of
inspiration and purpose, not only for the notable pioneers of rocketry—Konstantin E. Tsiolkovskii,
Hermann J. Oberth, and Robert H. Goddard—but also for those that succeeded them. Moreover, it
was a combination of science fiction sources and serious considerations of their propositions that
produced the greatest effects. These pioneers distilled the basic ideas of their inspirations into
technical treatises that established the literature of rocketry, and this work was typically as
imaginative as science fiction, as it offered stirring propositions compatible with those found in
fantasy. Where science fiction tales promised possibility, the studies of engineers and inventors
showed how it might be done. Others built upon these foundations while simultaneously turning to

other imaginative sources for inspiration, direction, or purpose. We may therefore even consider
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that, as Tsiolkovskii, Oberth, and Goddard are the “fathers” of space travel, then Jules Verne, H.G.
Wells, and even Kurd La3witz are the “godfathers” of astronautics. The impact of their writings was
felt far into the Space Age, through, and beyond, the influence of the pioneers. As we saw in
Chapters One and Two, rocket pioneers like Goddard, enthusiasts like John W. Parsons or Edward
S. Forman, and engineers like Malina, found their first inspirations among Verne’s tales and those
inspired by them. In addition, Wernher von Braun’s career was as shaped by Oberth’s Die Rakete 31
den Planetenriumen as it was by the idea of a wheellike space station in Lawitz’s Auf Zwei Planeten.

Science fiction, speculative treatises, and spaceflight popularization all created “agents” of
space travel. These agents, inspired as they were by imaginative works, were so moved by the
possibility of travelling to space that they dedicated themselves to bringing it about. The results of
their efforts often inspired others and transformed them into carriers of cosmic visions themselves.
Such instances produced tangible results, as we saw in Chapter One, with Reaction Motors
Incorporated (RMI) evolving directly from the enthusiast group of the American Interplanetary
Society, later the American Rocket Society, and a score of inspirations from various sources. RMI’s
work then led to the generation of expertise and development of rocket motors applied to practical
ends, constituting tangible examples of rocketry’s power. Similarly, the GALCIT group was
composed of engineers and amateurs who drew inspiration from the same sources—science fiction
stories and the nascent rocketry literature. GALCIT’s work, besides building upon foundations laid
by the pioneers and enthusiasts, became a major source for American rocketry.

Agents of the space travel vision, alongside their engineering efforts, worked to raise public
awareness of the pursuit to enhance the believability of space travel, especially by way of a rocket.
The work of these agents in tandem with waves of space travel popularization, made more visible
with striking images of space travel in artwork and film, then helped create a cultural context

wherein space travel was increasingly embraced by the public as a feasible endeavour, which was
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especially important when it became politically necessary for decisionmakers to look to space as a
theater for another Cold War entanglement with the Soviet Union.
THE FABRIC OF SPACE TRAVEL

While serious technical inquiry, research, and practical experience, instead of science fiction
and other works of imagination, began to eclipse the point of reference for many engaged in
realizing spaceflight, Chapter Two has argued that threads of imagination have run throughout all
these efforts, and that spaceflight technology, especially rocketry, was built on a foundation
cultivated by imagination. As the fundamental technology that made space travel possible, rocketry’s
very application to space travel whether in thought or practice required imagination, and its
development as a means of spaceflight began first with a dream. As we saw in Chapter Two, a
number of the space boosters of the 1960s could trace their lineages back to this dream, and many
had their origins in technological foundations laid by space travel enthusiasts inspired by science
fiction. Their efforts constituted the basis upon which future innovators iterated upon, leading to
the rockets that launched satellites, lobbed probes to other planets, and set a man on the Moon.

Of course, amidst those examples where imagination has left a clear impression, there are
parallel instances where science fiction inspirations, space popularization motivations, and fantastical
ambitions simply do not play a role. Alongside those who embodied the dreams of space travel,
there were hundreds of thousands, if not more, of experts, engineers, manufacturers, and
consultants whose work was necessary to making space travel real, but whose inspirations and
motivations may not have drawn significantly from imaginative works.®” The examples in this thesis,
however, demonstrate how ideas from science fiction and other imaginative works were translated,

improved, and reconfigured by various individuals and in various media, and produced the
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technological and cultural frameworks wherein progress toward spaceflight was made. From this
crucible shaped first by imagination, the significant ideas and questions of space travel emerged.
The fabric of space travel is composed of numerous threads running across, around, and
woven alongside the threads of imagination.”*’ Political, economic, and military dimensions of
spaceflight, constituting a variety of threads themselves, were inexorable elements of this total fabric.
Enthusiasm, theory, and practical experience often aligned with needs external to the dream of
spaceflight but needs also critical to the advent of it. Chapters One and Two demonstrated how
World War II, the Korean War, and Cold War all prompted specific developments in rocket
technology. Chapter Two emphasized how NASA, its programs, and President John F. Kennedy’s
decision to land a man on the Moon, all emerged as a part of the Cold War Space Race in the late
1950s and throughout the 1960s. But the technological capability to engage in such a race, as these
chapters have argued as well, was, in part, product of imagination. The American commitment to
space travel was only feasible because the expertise, implements, systems, and technologies were in
place, many which traced their origins back to imaginative sources. These same imaginative sources,
as Chapter Three outlined, also produced conditions wherein cultural and political climates aligned
to encourage the public and decisionmakers to embrace the promises of space exploration, also
rendering Kennedy’s lunar decision a fulfillment of the prophecies of space dreamers, as well as a
reassertion of America’s national character in terms of a mythologized history of frontier conquest.
There are, without question, many threads woven into space travel. This thesis has shown
examples of those threads of imagination and their real and practical effects. Such threads may fade

ot fray in some instances, as others bind developments, their developers, and circumstances more
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powerfully than that of imagination, yet they are all together bound in one cumulative whole those
of imagination remain integral and significant.
A CONQUEST OF SPACE AT THE BEHEST OF DREAMS

It was imagination that inspired and motivated individuals like Tsiolovskii, Oberth, and
Goddard to take up the pursuit of space travel. This pattern of inspiration was then repeated in
various forms throughout the history of American space travel. It undergirded the development of
the space rocket and, by inspiring others, imagination and its expressions throughout various media
helped guide it from the realm of impossible fantasy into achievable reality. Successive generations
of engineers and enthusiasts took up the work of their forebears, and carried these dreams into the
future, where a combination of political, societal, and technological forces merged with the vision of
spaceflight, bringing it closer to reality. As a popular culture driven by the visions of artists and
writers formed around this dream and infused space travel with the same promises of the mythical
American frontier, Americans encountered the landscapes of distant planets and their promises of
the unknown on the page and the screen, bringing them closer to the possibilities of tomorrow. In
1969, Apollo 11 transformed erstwhile fantasies into present realities, fulfilling the most basic
prophecy that humanity would reach space. When Neil A. Armstrong reflected on Verne’s De /a
Terre a la Lune as the crew of Apollo 11 returned to Earth, he reminded those listening that this lunar
journey was one made at the behest of dreams. Imagination, after all, had crossed the cosmos long

before rockets did.
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