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  Chapter one
How a Weapon Became an Inheritance


By the beginning of 1946, the German rocket had been reduced to freight. Hundreds of railcars had carried its components into the American Southwest, where military guards watched over stacks of captured machinery and General Electric employees began the patient work of identifying, sorting, testing, and reassembling what the United States Army had removed from Germany. The parts were not the contents of a normal production shipment. They had been gathered in haste at the end of a collapsing war, packed for movement across Europe and the Atlantic, transferred again by rail and truck, and delivered to the new White Sands Proving Ground in New Mexico as the remnants of a weapons program that only months earlier had been firing missiles at Allied cities. 1
The men who knew how those parts went together were nearby. Wernher von Braun and other German rocket specialists had been brought to the United States under Army control and based at Fort Bliss, Texas, roughly sixty miles south of the proving ground. General Electric held the principal contract for Project Hermes, the Army's program for studying captured German missiles and developing guided-rocket technology of its own. American engineers could inspect the pumps, tanks, gyroscopes, valves, wiring, airframes, and engines laid before them, but the German specialists carried something that could not be packed into a crate: the accumulated experience of years spent learning how to make a large liquid-fueled ballistic rocket function as a complete system.2
At White Sands, that knowledge was being separated from the purpose for which it had most recently been used. The Army wanted to understand the missile as a weapon, but scientists quickly recognized that the captured V-2 could also carry instruments to altitudes that balloons and conventional aircraft could not reach. The Naval Research Laboratory organized a rocket research group, and representatives from military laboratories, universities, the Applied Physics Laboratory, the Jet Propulsion Laboratory, General Electric, and other institutions joined an upper-atmosphere research panel. A machine built to deliver roughly a ton of explosives could instead lift detectors, spectrographs, pressure instruments, biological experiments, and cameras into regions of the atmosphere that had barely been sampled directly.3
White Sands itself was part of the same transition. The Army had selected the Tularosa Basin in 1945, before Germany surrendered, because the broad, thinly populated desert offered the space required for guided-missile testing. Project Hermes also predated the German collapse. Army Ordnance had contracted with General Electric in November 1944, when V-2s were still falling on Europe, and soon amended the program to include the study of captured German rockets if they became available. The United States therefore did not stumble into missile development after the war. It already had programs, contractors, laboratories, and military requirements of its own. What the German surrender provided was an extraordinary acceleration: complete systems, enormous quantities of hardware, detailed documentation, and specialists who had already encountered failures that American teams would otherwise have needed years to discover for themselves.4
Reassembling the captured rockets was itself a form of research. Components had to be identified, inspected, repaired, replaced, or remanufactured. Some were damaged, incomplete, or unsuitable for use after the hurried removal from Germany and the long shipment west. The work forced American engineers to understand how the missile's subsystems interacted rather than merely copying drawings. The Germans could explain procedures and diagnose familiar problems, but the program increasingly became a joint process of translation: from German wartime practice into American engineering standards, from a production weapon into an experimental vehicle, and from one military system into several American institutions that would eventually build rockets of their own.
The first American static firing of a V-2 at White Sands took place in March 1946. The first launch followed on April 16. It was not a triumphant demonstration. The rocket rose only a few miles before a guidance failure ended the flight. Yet the program continued, because failure itself contained information, and because the United States had acquired enough hardware to keep learning. More launches followed. Instruments rode in place of warheads. American technicians learned procedures that German crews had developed through years of testing and combat operations, while the German specialists found themselves advising the army that had defeated their country.5
The scientific return soon justified the effort. V-2 payloads were adapted for measurements of cosmic radiation, solar ultraviolet energy, atmospheric pressure and composition, and other phenomena difficult or impossible to observe from the ground. The rockets did not remain aloft, and most returned destructively, so experimenters had to design instruments around brief flights and violent recovery. That limitation created a new discipline of its own. A payload might have only minutes to gather data, and whatever had been recorded had to survive impact or be transmitted before the vehicle was lost. The V-2 was not yet a spacecraft in the later sense, but it gave researchers repeated access to altitudes that had previously existed mainly as a boundary between laboratory theory and inaccessible sky.
Nothing about that arrangement was simple. The rocket now standing in the New Mexico desert belonged to the United States because Germany had lost the war, but almost everything about it had been shaped by a history the Americans could not honestly separate from the machine. Its origins lay in a dream older than the Nazi state. Its maturity had depended upon military money, secrecy, dictatorship, war, forced labor, and an industrial system in which human beings could be expended as readily as raw material. Its engineers had worked under a regime that made technological ambition useful to conquest. Its production had been driven underground after Allied bombing and sustained in part by concentration-camp prisoners who suffered and died in the Mittelbau complex. Its operational form had been created to cross borders without warning and explode in cities.
Now it was being prepared to carry scientific instruments toward space, and the physical distance between those two uses was only a few pounds of payload and a change of intention. That small alteration did not cleanse the machine of its history. It demonstrated instead how little a technology itself could determine the purpose to which people put it.
Long before anyone had assembled a V-2 at White Sands, rocketry had attracted people whose ambitions were almost the opposite of those eventually imposed upon the technology. Konstantin Tsiolkovsky in Russia had treated spaceflight as a serious mathematical problem. Robert Goddard in the United States had demonstrated liquid-fueled rocketry experimentally. In Germany, Hermann Oberth's writings helped turn space travel from a subject of speculative fiction into something that young engineers and enthusiasts could discuss in equations, diagrams, and hardware. The Verein für Raumschiffahrt, the Society for Space Travel, gathered experimenters in Berlin. Rockets became subjects for magazines, exhibitions, motion pictures, public demonstrations, and amateur testing. Fritz Lang's film Frau im Mond placed the idea of a voyage to the Moon before a mass audience. The early machines were small, unreliable, and chronically underfunded, but the enthusiasts did not lack imagination.
What they lacked was a customer with money and patience, and the German Army eventually supplied both. During the last years of the Weimar Republic, Army Ordnance officers including Karl Becker and Walter Dornberger became interested in liquid-propellant rockets as possible weapons. The military could provide what private enthusiasts could not: secure facilities, salaries, machine tools, test ranges, bureaucratic protection, and a sustained program of experimentation. Wernher von Braun, still a young man, entered Army employment in 1932. The work moved from improvised civilian experimentation toward a disciplined engineering program at Kummersdorf and eventually to the great research establishment at Peenemünde on the Baltic coast.6
By then Adolf Hitler was chancellor, Germany was rearming, and the meaning of technical success had changed. Peenemünde did not exist to place explorers in space. Its Army section was created to develop weapons. The Aggregate series of experimental rockets grew larger and more capable as teams attacked the interconnected problems of propulsion, guidance, aerodynamics, structures, control, manufacturing, and test operations. The decisive machine was the A-4, a rocket nearly forty-six feet tall that burned alcohol and liquid oxygen, used turbopumps to feed its engine, guided itself during powered flight, and then followed a ballistic path toward its target.
The first two A-4 flight attempts failed. On October 3, 1942, another vehicle rose from Peenemünde, crossed the Baltic trajectory assigned to it, and demonstrated that the basic system could work. The achievement was technically extraordinary. No previous operationally useful rocket had combined comparable thrust, speed, guidance, range, and payload. The result did not automatically make the A-4 a practical weapon, however. A successful test vehicle was not the same thing as a reliable missile that could be manufactured by the hundreds, transported, fueled, aimed, and launched under wartime conditions. Turning the prototype into an operational system required a new phase of engineering and industrial organization.7
It also required choices about how that organization would obtain labor. After a Royal Air Force raid struck Peenemünde in August 1943, the Nazi leadership accelerated plans to disperse vulnerable production. A major assembly operation was driven underground into tunnels beneath the Kohnstein mountain near Nordhausen. The Mittelwerk factory that emerged there became inseparable from the concentration-camp system. Dora began as a subcamp of Buchenwald in August 1943. Prisoners were brought into the tunnels as the underground complex was converted for production, and for months thousands lived as well as worked below ground in appalling conditions. Disease, hunger, exhaustion, inadequate sanitation, brutality, and twelve-hour labor shifts produced catastrophic mortality. V-2 assembly began while the human infrastructure around the factory was consuming lives.8
The later Mittelbau camp network became much larger than the V-2 production line itself, and not every prisoner in the complex built rockets. Many were assigned to construction, excavation, transport, other weapons projects, or work at satellite camps. That distinction matters because the scale of the suffering should not be simplified into a slogan. It is enough to follow the record. Tens of thousands of prisoners passed through the Mittelbau system, and more than twenty thousand died in the camps, on transports, or during the evacuations and death marches at the end of the war. The V-2 production program occupied only part of that machinery of exploitation, but it was deeply embedded within it.9
The rockets leaving the tunnels were sent toward launch units in Western Europe. On September 8, 1944, the ballistic missile entered war. A V-2 struck near Paris late in the morning. That evening another fell at Chiswick in west London, killing three people and seriously injuring many more. The missile arrived faster than sound. There was no warning from an engine overhead and no opportunity for fighters or antiaircraft guns to intercept it during its final descent. People could hear the violence only after the explosion, when the shock of impact had already done its work.10
Over the remaining months of the war, German units fired more than three thousand V-2s, with London and Antwerp among the principal targets. The weapon killed thousands but did not alter the outcome of the conflict. It was expensive, mechanically demanding, inaccurate, and strategically incapable of reversing Germany's defeat. The technological achievement and the military result occupied different scales. The V-2 demonstrated that a large guided ballistic missile could be built and operated, but it also demonstrated how little even an advanced weapon could accomplish when used without sufficient accuracy, numbers, or strategic leverage.
By the spring of 1945, Germany's military position had collapsed. The firing units retreated. Production ended. Concentration-camp prisoners were evacuated under murderous conditions. American soldiers reached the Nordhausen area in April and encountered scenes that belonged to two histories at once. They found starving survivors and bodies at the Boelcke Barracks and discovered the vast Mittelwerk tunnels nearby. Then technical intelligence teams arrived looking for a different kind of evidence: complete rockets, components, drawings, records, tooling, engineers, technicians, and anything else that could reveal how the German missile had been made.11
The coexistence of those discoveries was one of the defining facts of what followed. American forces had reached a place where the cost of the rocket program was visible in human bodies, yet the same military occupation immediately created an opportunity to seize the program's technical remains. The United States was not alone in understanding their value. The European war had ended, but the alliance that defeated Germany was already dividing into zones of occupation, competing security interests, and increasingly suspicious governments. German technology had become another resource to be claimed before somebody else could take it.
Colonel Holger Toftoy, working in Army Ordnance technical intelligence, pressed for enough V-2 components to assemble roughly one hundred missiles. The urgency was sharpened by geography. Nordhausen and the Mittelwerk lay in territory scheduled to pass into the Soviet occupation zone. American teams therefore removed rocket material before the transfer. Shipments crossed the Atlantic and ultimately converged on White Sands. Von Braun, Dornberger, and other members of the Peenemünde group surrendered in the west, while hidden technical documents were recovered and specialists were screened for employment.12
The British pursued their own exploitation program. Under Operation Backfire, they used German personnel to assemble and launch V-2s near Cuxhaven in October 1945, extracting procedures and technical information from a system they had endured as a weapon only months before. The French also moved rapidly, gathering documentation, hardware, and specialists and later incorporating German expertise into the research establishment at Vernon. When Soviet forces assumed control of the Nordhausen region, they began their own intensive reconstruction effort, collected hardware and personnel, and eventually transferred hundreds of German rocket specialists and their families into the Soviet Union. The division of German knowledge did not follow a single clean transfer from one nation to another. People, parts, documents, factories, and experience scattered in several directions.13
What each country received was different. The Americans had the largest group of senior Peenemünde specialists and a substantial stock of captured components, but they also possessed domestic programs that had developed independently of the Germans. Goddard's work predated the V-2. The Jet Propulsion Laboratory and the Army had already developed the WAC Corporal, and Project Hermes itself had been created before Germany surrendered. The Soviets also had their own deep rocket tradition, including prewar work by Sergei Korolev, Valentin Glushko, and others, although Stalin's purges had devastated the community and imprisoned some of its most talented engineers. France had its own engineers, military requirements, and institutions. Britain had missile and guided-weapons experience of its own. No major postwar program was a blank page on which Germans simply continued writing.14
Yet none of the victors treated the German program as irrelevant. The V-2 had crossed a threshold that every ambitious military power could recognize. It provided not only hardware but evidence that a set of difficult engineering problems had already been solved well enough to create an operational weapon. Handling large quantities of liquid oxygen and alcohol, feeding a high-thrust combustion chamber, stabilizing and steering a rapidly accelerating missile, measuring its flight, preparing it in the field, and organizing the testing of an integrated system required experience that could be transferred even when the next generation of rockets looked very different.
The people who carried that experience created a political problem at the moment they became technically useful. The American program first known as Overcast and later as Paperclip brought selected German specialists into the United States for exploitation under military authority. In August 1946, as the program was being expanded, an official policy memorandum stated that people with Nazi or militaristic records were to be excluded. The apparent clarity of such language concealed the harder questions already embedded in individual cases: what counted as disqualifying involvement, how wartime records would be interpreted, what knowledge or actions investigators could establish, and how much scrutiny a government would apply when it believed a specialist's technical value also served national security.15
There was another calculation as well. Technical exploitation was not only about what the United States could gain; it was also about what rivals might be denied. The worsening relationship with the Soviet Union made possession of expertise a strategic matter in itself. A specialist working in Texas was a specialist who was not working in Moscow. A set of documents shipped from Germany could not be recovered by the next occupation force. The emerging Cold War therefore sharpened decisions that had begun before the wartime alliance fully dissolved. Knowledge became something that could be captured, moved, guarded, classified, and withheld, much like the physical rockets stacked in the desert.16
Those questions would not disappear when the rockets left White Sands. They would accompany careers, institutions, and reputations for decades. Some files were later altered or sanitized; some backgrounds were minimized; some individuals became celebrated figures in American technology. Others would be investigated long after their greatest technical achievements. The larger issue was not confined to the United States. Every victorious power that exploited German scientific and technical personnel made decisions about what could be separated from a defeated regime and what could not.17
At White Sands in 1946, those arguments were still largely hidden behind practical work. Rockets had to be assembled. Components had to be tested. Launch procedures had to be learned. Instruments had to survive acceleration, vacuum, cold, and violent reentry or impact. The desert range became a place where military and scientific purposes overlapped so closely that the same launch could advance both. A V-2 could provide data useful to missile engineers while carrying an experiment into the upper atmosphere. It could teach the Army how German guidance behaved and teach physicists something about cosmic radiation. The captured weapon had become a test vehicle before it ceased being a weapon in the minds of the people studying it.
From this kind of inheritance would come many things that the men at White Sands could not yet know. German experience would be absorbed into an American missile effort that eventually produced systems far removed from the A-4. Soviet engineers would first reproduce and modify the V-2 and then move beyond it toward new missiles powerful enough to place satellites in orbit. Sputnik would turn the rocket into a global political signal. The United States would answer with its own satellites, a civilian space agency, and eventually the industrial effort that sent astronauts to the Moon. French recruitment would feed institutions that later contributed to an independent national launcher and, still later, a European launch industry. Missile technology would spread through alliances, exports, reverse engineering, and indigenous development until states with no personal connection to Peenemünde could build and modify ballistic weapons of their own.
The rocket would change shape repeatedly. It would carry nuclear warheads, scientific instruments, communications satellites, weather cameras, reconnaissance systems, animals, astronauts, lunar spacecraft, and commercial payloads. Some vehicles would be discarded after a single flight; others would return under control and be flown again. Nations that once depended on captured German hardware would develop design traditions so distinct that describing them as enlarged V-2s would become meaningless. What endured was not a single line of machinery but a body of knowledge, engineering habits, institutional lessons, manufacturing methods, and confidence that certain kinds of flight were possible.
That is why the captured rockets in New Mexico mattered beyond their immediate tests. They were artifacts from a defeated dictatorship, but they were also packages of accumulated technical experience. The distinction did not absolve the people who had created or produced them, and it did not make later achievements morally equivalent to the circumstances at Mittelbau. It did mean that the end of the Third Reich did not end the usefulness of what its rocket program had learned. Once that knowledge existed, the victorious powers faced a choice that would recur throughout modern technological history: whether to reject an inheritance because of its origins, exploit it because of its value, or attempt to do both at once by taking the knowledge while redefining its purpose.
The United States chose to take the inheritance, and by the autumn of 1946, White Sands had become one of the places where that choice acquired physical form. On October 24, technicians prepared another V-2 for launch. It was the thirteenth vehicle in the American series. In its payload was a 35-millimeter motion-picture camera designed to expose frame after frame as the rocket climbed. The experiment was one among many efforts to use the captured missiles for upper-atmosphere research, and there was no guarantee that either rocket or film would survive well enough to produce anything useful.18
The machine had been designed in Germany to lift explosives into a ballistic arc over a city. At White Sands, its nose held a camera.
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  Chapter two
The Dreamers


In the autumn of 1930, the place in Berlin that called itself a rocket airfield looked less like a gateway to the planets than the abandoned military property it actually was. The Verein für Raumschiffahrt, the Society for Space Travel, had acquired use of a disused storage and testing site in Reinickendorf, on the northern edge of the city. The grand name - Raketenflugplatz Berlin - did much of the imaginative work. The ground offered a few concrete structures and enough open space to conduct experiments that could burn, burst, veer sideways, or fail in ways that would have been difficult to tolerate in a university courtyard. The men who came there had little money and no established rocket industry behind them. They built test stands, machined parts where they could, begged or borrowed materials, and worked with liquid oxygen, gasoline, alcohol mixtures, pressure tanks, valves, and combustion chambers whose behavior they were still learning. Between March 1931 and April 1932 the group recorded hundreds of static firings and dozens of flights. Some vehicles rose; some did not. Some demonstrated that a liquid-propellant rocket could be made to work, and others demonstrated how many things could go wrong at once. 1
The airfield also served as workshop, classroom, clubhouse, and publicity machine. Its name suggested runways and hangars, but the practical work took place around test rigs, improvised shops, storage buildings, and open ground where the consequences of a bad ignition could be contained. The VfR never had the kind of fixed technical staff that would later characterize Kummersdorf or Peenemünde. People arrived with different levels of education and experience, often working without pay and fitting rocket experiments around studies or ordinary employment. The Society had to cultivate donors, manufacturers, journalists, and anyone else who might provide money or material. This dependence on publicity was not incidental. Public attention was one of the few assets the enthusiasts could convert into resources. It also encouraged an experimental culture in which a dramatic launch could matter as much as a carefully instrumented test. 2
The activity was remarkable not because these experimenters already possessed the technology that would later produce a ballistic missile, but because they did not. Their rockets were small, fragile, and unreliable. The Minimumrakete, shortened to Mirak, and the later Repulsor designs belonged to a period when a successful firing could be important even if the machine traveled only a modest distance before returning to earth. A surviving Repulsor nozzle in the Smithsonian collection is hand-machined aluminum, the sort of artifact that makes the gap between aspiration and capability visible. The men at Reinickendorf were not scaling down a mature technology. They were discovering, by repeated failure, what a liquid rocket demanded: stable combustion, cooling, dependable propellant flow, sufficient thrust, light structures, controllable flight, and instrumentation that could tell them what had happened after the smoke cleared. 3
Yet their ambitions were not small. They had arrived at Reinickendorf through a movement that had spent most of the 1920s insisting that the rocket was not merely a firework, a military signal, or a projectile. It was a machine that could leave the atmosphere. That idea had been developing internationally for decades, often among people who worked in isolation from one another. Long before anyone built a large liquid-fueled rocket, Konstantin Tsiolkovsky, a schoolteacher in imperial Russia, treated the problem mathematically. In work published in 1903, he showed how a rocket's attainable velocity depended upon the speed of its exhaust and the ratio between its initial and final mass. The relationship was unforgiving: carrying more propellant helped, but propellant itself had to be accelerated, which meant that mass multiplied the difficulty. Tsiolkovsky considered liquid propellants and multistage vehicles because the physics pushed the problem in that direction. A rocket capable of serious spaceflight could not simply be a bigger version of a black-powder projectile. 4
The underlying logic was simple enough to state and difficult enough to dominate every later design. A gun leaves its propellant behind in the barrel; a rocket must carry propellant with it. As the rocket burns fuel and oxidizer, it becomes lighter, so the same engine can accelerate the remaining vehicle more effectively. But the propellant needed late in flight had first to be lifted and accelerated earlier in flight. Tsiolkovsky's equation captured that penalty, and staging offered a way around part of it: discard empty tanks and engines after they have done their work rather than carry them forever. The theory did not hand engineers a usable machine. It did something more fundamental. It showed that the path to space did not require violating known physics. It required making a machine with sufficiently energetic propellants, sufficiently low structural mass, and sufficiently reliable stages. The dream could therefore be attacked with engineering. 5
Robert Goddard approached the same frontier in the United States from a more experimental direction. His report A Method of Reaching Extreme Altitudes, issued by the Smithsonian around the turn of 1920, argued for high-altitude rockets and contemplated sending instruments beyond the atmosphere. On March 16, 1926, outside Worcester, Massachusetts, he launched the first liquid-propellant rocket. It burned gasoline and liquid oxygen, climbed only about forty-one feet, remained airborne for less than three seconds, and landed 184 feet from its launch frame. The performance was insignificant by the standards that would come later, but the event established that a liquid-propellant rocket could actually fly. Goddard continued to work largely with a small team and guarded his research closely. His choice reflected both personality and experience. The public controversy that followed his early writings reinforced his preference for working away from attention, and later support from the Guggenheim family allowed him to move experiments to New Mexico. He developed pumps, combustion chambers, gyroscopic control, and increasingly sophisticated liquid-fueled vehicles, but he did not create a large community of engineers around himself. The German enthusiasts knew of Goddard's publications and respected his work, yet they were not simply reproducing a set of American blueprints. They were solving many of the same problems on a separate path, sometimes with less sophistication and far less money. 6
His technical path would therefore exert less direct influence on the German program than later popular accounts sometimes implied, but his published work helped establish internationally that the rocket belonged to serious engineering rather than fantasy. 7
The figure who mattered most to the German-speaking spaceflight movement was Hermann Oberth. Born in Transylvania in 1894 into an ethnic German family, Oberth had spent years pursuing the mathematics of space travel before publishing Die Rakete zu den Planetenräumen, The Rocket into Interplanetary Space, in 1923. The book was short, mathematical, and radical in implication. It treated human spaceflight as an engineering problem that could be analyzed rather than a literary device that had to be imagined. Oberth discussed liquid propellants, the behavior of rockets beyond the atmosphere, and the possibility of putting useful machines and people into space. His expanded 1929 work, Wege zur Raumschiffahrt, carried the analysis further into spacecraft, orbital stations, and other applications. A proposal that had been too speculative for a conventional academic dissertation reached a public audience and helped create something academia had not: a community of believers who wanted to turn equations into hardware. 8
Oberth's appeal came partly from the range of the future he was willing to describe. He did not confine himself to a single rocket engine. He wrote about orbital stations, observation from space, journeys beyond Earth, and the practical uses that might make such voyages worth financing. He was also willing to follow the implications in directions that complicated later memories of an innocent spaceflight movement. In Wege zur Raumschiffahrt he considered military applications of long-range rockets alongside peaceful ones. The same machine that could carry an instrument or a person over the atmosphere could also carry an explosive across borders. The dual use was present in the theory before any government possessed a weapon capable of exploiting it. 9
The timing mattered. Germany after the First World War was politically unstable, economically battered, culturally inventive, and unusually receptive to technological spectacle. Aviation had already compressed the distance between fantasy and machinery. Radio, automobiles, airships, motion pictures, and record-setting flights provided visible evidence that inventions once dismissed as impractical could become public facts. Spaceflight entered this world not as an isolated scientific subject but as part of a broader fascination with the future. The years after the war had also left Germans with an uneasy relationship to national power and technical modernity. The Treaty of Versailles had imposed military restrictions and territorial losses; political violence and economic crisis unsettled the republic; hyperinflation destroyed savings before a later stabilization gave way to another economic collapse after 1929. None of those conditions automatically produced rockets. They did, however, create a society in which technological achievement could be invested with meanings larger than the machine itself: national recovery, escape from present constraints, proof of modernity, or access to a future that seemed to belong to countries able to master new forms of speed and power. Rocket enthusiasts often spoke internationally about humanity and the planets, while the surrounding culture could hear those same machines in more national terms. 10
Newspapers and lecture halls carried spaceflight into public culture at exactly the point where film, illustrated magazines, radio, record-setting aviation, and industrial advertising could amplify an idea far beyond the people who understood its equations. Michael Neufeld has described the German phenomenon as a genuine rocketry and spaceflight fad, distinguished less by exclusive possession of the underlying ideas than by the intensity with which theory, publicity, popular culture, and experiment began to reinforce one another. 11
Max Valier became one of Oberth's most energetic popularizers. Willy Ley, younger still, discovered Oberth's book while a university student and began writing about space travel for a general audience. Johannes Winkler, another enthusiast, edited Die Rakete, a periodical devoted to the subject. In 1927 these networks coalesced into the Verein für Raumschiffahrt. Its membership grew rapidly. The society's importance did not lie in commanding large laboratories or industrial budgets; it had neither. It created a place where theorists, mechanics, students, publicists, and experimenters could find one another. Die Rakete and related books and lectures circulated technical arguments alongside predictions of voyages beyond Earth. The publication mattered because the movement was dispersed. A young enthusiast did not need to live beside Oberth to encounter him. Articles could carry calculations, designs, reports of experiments, and arguments about the feasibility of space travel across the German-speaking world. The VfR brought together people whose roles would later diverge sharply: writers such as Ley, promoters such as Valier, theorists such as Oberth, and practical experimenters such as Klaus Riedel and Rudolf Nebel. It also attracted students, including von Braun, who were young enough that their technical identities were still being formed. 12
The Society therefore did more than organize experiments. It made rocketry into a social field. Members could argue about fuels, nozzles, trajectories, publicity, and money because they had a common institution in which those arguments could occur. Even failure became transferable knowledge when someone else was present to see it, measure it, or redesign the next vehicle. The effect was cumulative. A person who first encountered spaceflight in a magazine could find a book, a lecture, a society, and eventually a field outside Berlin where engines were being fired. 13
The movement also learned that spectacle could raise money and attention more quickly than equations. Fritz von Opel, grandson of the founder of the Opel automobile company, joined Valier and solid-rocket manufacturer Friedrich Sander in a series of demonstrations that attached rockets to vehicles. In May 1928, von Opel drove the rocket-powered RAK 2 on Berlin's AVUS speedway before thousands of spectators, reaching roughly 238 kilometers per hour. Weeks later, a rocket-assisted glider designed by Alexander Lippisch and equipped by the same circle made a piloted rocket-powered flight. These were not steps in a direct engineering line toward a liquid-fueled space launcher. They were publicity events using solid rockets, and their technical relationship to later ballistic missiles was limited. Their cultural importance was larger. They made rocket propulsion visible, noisy, fast, and newsworthy. 14
The performances also blurred the boundary between research and entertainment in ways that irritated some serious experimenters and benefited the movement as a whole. A rocket car did not prove that a vehicle could survive a high-altitude ballistic trajectory, but a photograph of one trailing smoke on the AVUS was easier to sell to a newspaper than a derivation of the rocket equation. Valier understood that public excitement could be used to draw money toward more ambitious work. The problem was that publicity rewarded visible success while engineering advanced through the patient exposure of failure. This tension would remain at the Raketenflugplatz, where demonstrations could bring attention and admission fees even as the group needed quiet time, instruments, and repeatable procedures. 15
The danger was no abstraction. Valier moved from solid-propellant spectacles toward liquid-fuel experiments and was killed in Berlin on May 17, 1930, when an experimental oxygen-alcohol rocket engine exploded on its test stand. His death came before the Raketenflugplatz became the movement's best-known workshop and underscored the physical cost of working with machinery that had few established safety practices. The enthusiasts were learning to contain cryogenic oxidizers, pressure, heat, and combustion while they were still learning how to make their engines run reliably. A mistake could destroy hardware in an instant; in Valier's case it killed one of the movement's most effective advocates. 16
Fritz Lang carried the idea farther without leaving the ground. His 1929 silent film Frau im Mond presented a lunar expedition with an unusual effort at technical plausibility. Oberth served as a consultant, and Ley helped explain the science surrounding the production. The film's rocket was fiction, but its staging gave audiences a visual grammar for spaceflight: a tall vehicle, preparations before launch, a countdown, acceleration, weightlessness, and a destination beyond Earth. Lang also helped finance an attempt by Oberth to build and demonstrate a real liquid-fueled rocket in connection with the film's publicity. The promised launch did not come off as intended. Oberth had proposed a real rocket as part of the publicity surrounding the film, but the schedule, financing, and technical demands outran what his small effort could deliver. The episode is important because later history made rockets seem almost naturally suited to giant organizations. In 1929 there was no German liquid-rocket industry waiting to fabricate a designer's calculations. Components, propellants, machining methods, test procedures, and safety practices had to be assembled piecemeal. An engine that worked on paper still had to keep its chamber from burning through, inject propellants without destructive instability, and survive long enough to provide useful thrust. For Oberth, who had already made his reputation as a theorist, the episode exposed the distance between proving that a rocket should work and producing one on schedule with limited money, uncertain components, and inexperienced help. 17
The failure nevertheless produced useful work. In Berlin, Oberth developed a small liquid-fuel combustion device known as the Kegeldüse, or cone nozzle. In July 1930 the engine was officially tested at the Chemisch-Technische Reichsanstalt. It burned liquid oxygen and gasoline for roughly a minute and a half and produced a nearly steady thrust of about seven kilograms for much of the run. Among the young assistants present was an eighteen-year-old engineering student named Wernher von Braun. The test was modest, but it placed von Braun inside the practical circle that had formed around Oberth's ideas just as that circle was beginning to shift from publicity toward systematic experimentation. 18
Von Braun had grown up amid the same German fascination with rockets, but he brought to it the advantages and expectations of an aristocratic family. Born in 1912, he was the son of Magnus Freiherr von Braun, a government administrator who later held senior positions in Berlin. His mother encouraged an early interest in astronomy and gave him a telescope, but the younger von Braun's path into rocketry was not the story of a solitary prodigy inventing the future in isolation. He read the literature produced by the movement, encountered Oberth's work, joined the VfR as a teenager, and then entered the network of people already trying to make liquid propulsion practical. In 1930 he enrolled at the Technische Hochschule in Berlin-Charlottenburg and assisted Oberth. The intellectual inheritance mattered: Oberth had given the movement a mathematical program, while the VfR gave an ambitious student access to people, hardware, and experiments. 19
Von Braun's later fame would make it tempting to read these years backward and see every early episode as evidence of an inevitable rise. Nothing about the Raketenflugplatz made that outcome inevitable. He was one talented young participant in a movement full of strong personalities and competing claims. Oberth had deeper theoretical stature; Nebel controlled much of the Berlin operation; Ley was more important to publicity; Klaus Riedel had practical design ability; other German experimenters, including Johannes Winkler and Reinhold Tiling, were developing rockets outside Nebel's circle. What distinguished von Braun at this stage was less a single invention than his ability to move among theory, practical experimentation, institutions, and patrons. That combination would become decisive when the source of patronage changed. 20
When Oberth returned to Transylvania, the Berlin group continued without him. Rudolf Nebel, a former wartime pilot with a gift for publicity and improvisation, became the central organizer at the Raketenflugplatz. Klaus Riedel, Willy Ley, von Braun, and a shifting group of others worked there at different times. The site's resources remained thin enough that ingenuity could be indistinguishable from scavenging. The team was not organized like a later government laboratory, with stable departments, formal configuration control, established suppliers, and dedicated test instrumentation. It was an amateur enterprise trying to develop several technologies simultaneously while keeping itself financially alive. The atmosphere that made the place productive also made it unruly: people with strong personalities pursued overlapping designs, argued over credit and money, courted newspapers, and learned from hardware that often failed before it could yield a clean set of measurements. 21
Liquid oxygen imposed its own discipline. It had to be produced or obtained, transported, handled cold, and loaded into equipment not designed by an established supply chain. Seals that behaved acceptably at ordinary temperatures could become troublesome. Propellant tanks added mass. Combustion chambers faced extreme heat. Early VfR motors were water-cooled, and surviving hardware shows the experimental character of the work: small aluminum components, machined by hand, with cooling arrangements that were still evolving. At this scale the group could alter a design quickly. The same freedom meant that changes could outrun documentation, and a spectacular flight could leave behind too little measured information to explain why it had succeeded. 22
The Mirak was a good example of the problem. A liquid rocket had to carry both fuel and oxidizer because there would eventually be no atmospheric oxygen to sustain combustion. The propellants had to reach the combustion chamber in the right proportions and at sufficient pressure. The chamber had to survive temperatures capable of destroying it. The nozzle had to turn the expanding gases into directed exhaust. The vehicle had to remain light enough that thrust exceeded weight by a useful margin, yet strong enough to hold pressurized tanks and plumbing. Once it left the stand, stability became another problem. A rocket that produced thrust but tipped over, broke apart, or wandered off course had not solved the problem of flight. The Mirak and Repulsor experiments forced those questions into metal, pipe, seals, and flame. 23
Progress came unevenly. The VfR improved engines, altered arrangements, added fins, experimented with recovery systems, and accumulated operating experience. Smithsonian and NASA histories credit the group with 270 static liquid-propellant engine tests and 87 flights between March 1931 and April 1932, with some vehicles reaching roughly 1,500 meters. Those numbers suggest activity rather than mastery. They also show why the site mattered. Eighty-seven flights meant repeated encounters with ignition, thrust, stability, recovery, and failure. A group that could not afford a large analytical department accumulated experience by doing. When a rocket curved away from vertical, the event forced attention onto stability. When a chamber failed, cooling and materials ceased to be abstractions. When a recovery system deployed at the wrong time, the consequence was immediate. The pace produced a generation of experimenters who had handled liquid propellants and watched real hardware misbehave - experience that could not be acquired from Oberth's equations alone. 24
Each test consumed scarce materials and often created more questions. What mixture produced reliable thrust? How should the engine be cooled? How much pressure was required? Where should tanks sit relative to the engine? How could the vehicle be stabilized? How could an experiment be measured rather than merely watched? These were engineering questions, and increasingly they were the questions that separated the enthusiasts from the institution beginning to study them. 25
The institution beginning to study those experiments was the German Army, and the Reichswehr had reasons to look beyond conventional artillery. The Treaty of Versailles had sharply constrained Germany's armed forces and weapons, while military officers continued to study technologies that might provide useful capabilities outside traditional categories. Rockets were not prohibited in the way heavy artillery was restricted, although it is too simple to describe the Army's interest as nothing more than a clever loophole. Lieutenant Colonel Karl Becker, chief of ballistics and ammunition in the Army Ordnance Office, approached the subject as an artilleryman accustomed to asking what a projectile could carry, how far it could travel, and whether its performance could be measured. Captain Walter Dornberger, another artillery officer with engineering training, was responsible for Army rocket work that included powder rockets. From their perspective the liquid rocket was not primarily a vehicle to the Moon. It was a possible new way to throw useful mass over distance. The officers therefore brought requirements unlike those of the enthusiasts: performance that could be specified, measured, repeated, improved, and ultimately placed in military hands. 26
The Army's relationship with the amateurs began before Adolf Hitler became chancellor and before the Nazi state transformed German rearmament. In spring 1930 Army Ordnance had quietly provided 5,000 marks through Nebel, acting as Oberth's representative, in connection with the attempted publicity rocket for Frau im Mond. The experience did not create confidence. The vehicle never flew, and Nebel's instinct for publicity ran directly against a military culture that wanted secrecy, controlled tests, and measurable results. Nevertheless, by 1932 the progress at Reinickendorf was difficult to dismiss. Army officers visited the site and saw that the amateurs had moved beyond drawings. Engines were being fired and rockets were flying. The question was whether the VfR's loose methods could be converted into a program that met military standards. Becker's answer was not to adopt the Society as it stood. It was to identify useful people and move the work into an Army environment. 27
The difference between the two cultures became clear when the VfR was given an opportunity to demonstrate a rocket at Kummersdorf, the Army proving ground south of Berlin, in June 1932. The event did not become the triumph Nebel needed. Accounts differ in some particulars of the flight, but the Army regarded the demonstration as a failure and refused to treat it as proof that the VfR had produced a disciplined development program. The officers wanted data, repeatability, and engineering control. The contrast went deeper than temperament. Nebel needed demonstrations to keep a financially fragile association alive. Ordnance could finance tests precisely so that failures could be studied rather than advertised away. The Army had survey equipment, ranges, workshops, procurement channels, and a hierarchy capable of assigning responsibility. It could also impose secrecy, eliminating the publicity on which the amateur movement had depended. The price of stable support would therefore be institutional control.  A rocket that left the ground could excite a crowd; a weapon-development organization had to know why it behaved as it did and whether the result could be reproduced.28
Yet the demonstration was not a dead end, because the Army had noticed one of the young men. Von Braun was twenty. He had technical education, intense interest in liquid rockets, familiarity with Oberth's ideas, and practical experience at the Raketenflugplatz. Becker offered him something the amateurs could not: paid work, a proving ground, secrecy, equipment, and the chance to pursue graduate research while developing liquid-fueled rockets under Army sponsorship. By early December 1932, von Braun had entered Army Ordnance work at Kummersdorf under Dornberger's supervision. The arrangement also allowed him to pursue doctoral work tied to liquid-fuel rocketry under conditions of military secrecy. For a twenty-year-old who wanted rockets to become much larger and more capable, the offer was difficult to match. Kummersdorf could provide test facilities and money without requiring him to spend his days persuading spectators or collecting admission fees. It could also connect rocket development to the broader apparatus of the German state.  Hitler would not become chancellor until the following January. The choice that bound von Braun's career to German military rocketry therefore preceded the Nazi seizure of power, even though the program would soon expand inside the regime Hitler created. 29
For the dreamers, military sponsorship solved the problem that had dogged nearly every serious attempt at liquid rocketry in Germany: there was never enough money, equipment, test space, organization, or time. The VfR could persuade, improvise, and demonstrate. It could make rockets fly. It could not sustain the disciplined, expensive accumulation of failures required to transform experimental rockets into large, reliable machines. The Army could. It possessed workshops, ranges, engineers, procurement authority, budgets, and an institutional reason to continue after a test ended in wreckage.
The bargain was already visible even if its consequences were not. The people who had argued that rockets could open the planets had found a customer capable of paying for development. That customer did not require a vehicle for a scientific instrument, a passenger cabin, or a voyage to the Moon. It wanted range, payload, accuracy, and military usefulness. What had begun in books, lecture halls, magazines, film studios, automobile spectacles, and an abandoned field in Berlin was moving behind fences and into an arsenal. The dream had not disappeared. It had acquired a sponsor, and the sponsor wanted a weapon.


1.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 157-158, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
2.
       Michael J. Neufeld, "Weimar Culture and Futuristic Technology: The Rocketry and Spaceflight Fad in Germany, 1923-1933," Technology and Culture 31, no. 4 (October 1990): 725-752, https://doi.org/10.2307/3105905.
    
3.
       National Air and Space Museum, Smithsonian Institution, "Rocket Nozzle, Liquid Fuel, One-Stick Repulsor," collection no. A19781539000, accessed September 8, 2026, https://airandspace.si.edu/collection-objects/rocket-nozzle-liquid-fuel-one-stick-repulsor/nasm_A19781539000.
    
4.
       K. E. Tsiolkovskiy, "Exploration of the Universe with Reaction Machines," in Collected Works of K. E. Tsiolkovskiy, vol. 2, Reactive Flying Machines, ed. B. N. Vorobyev et al., trans. Faraday Translations, NASA TT F-237 (Washington, DC: National Aeronautics and Space Administration, 1965), 72-117.
    
5.
       K. E. Tsiolkovskiy, "Exploration of the Universe with Reaction Machines," in Collected Works of K. E. Tsiolkovskiy, vol. 2, Reactive Flying Machines, ed. B. N. Vorobyev et al., trans. Faraday Translations, NASA TT F-237 (Washington, DC: National Aeronautics and Space Administration, 1965), 82-91.
    
6.
       Michael J. Neufeld, "Robert Goddard and the First Liquid-Propellant Rocket," National Air and Space Museum, March 16, 2016, https://airandspace.si.edu/stories/editorial/robert-goddard-and-first-liquid-propellant-rocket.
    
7.
       Michael J. Neufeld, "Robert Goddard and the First Liquid-Propellant Rocket," National Air and Space Museum, March 16, 2016, https://airandspace.si.edu/stories/editorial/robert-goddard-and-first-liquid-propellant-rocket.
    
8.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 156-157, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
9.
       Michael J. Neufeld, "The Excluded: Hermann Oberth and Rudolf Nebel in the Third Reich," in History of Rocketry and Astronautics: Proceedings of the Twenty-Eighth and Twenty-Ninth History Symposia of the International Academy of Astronautics, ed. Donald C. Elder and Christophe Rothmund, AAS History Series, vol. 23 (San Diego: Univelt for the American Astronautical Society, 2001), 211.
    
10.
       Michael J. Neufeld, "Weimar Culture and Futuristic Technology: The Rocketry and Spaceflight Fad in Germany, 1923-1933," Technology and Culture 31, no. 4 (October 1990): 725-752, https://doi.org/10.2307/3105905.
    
11.
       Michael J. Neufeld, "Weimar Culture and Futuristic Technology: The Rocketry and Spaceflight Fad in Germany, 1923-1933," Technology and Culture 31, no. 4 (October 1990): 725-752, https://doi.org/10.2307/3105905.
    
12.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 157, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf. National Air and Space Museum, Smithsonian Institution, "Verein für Raumschiffahrt (VfR, Society for Space Travel)," Pioneers of Flight, May 1, 2014, https://pioneersofflight.si.edu/content/verein-f%C3%BCr-raumschiffahrt-vfr-society-space-travel.
    
13.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 157-158, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
14.
       John Uri, "95 Years Ago: First Human Rocket-Powered Aircraft Flight," NASA, June 12, 2023, https://www.nasa.gov/history/95-years-ago-first-human-rocket-powered-aircraft-flight/.
    
15.
       Michael J. Neufeld, "Weimar Culture and Futuristic Technology: The Rocketry and Spaceflight Fad in Germany, 1923-1933," Technology and Culture 31, no. 4 (October 1990): 725-752, https://doi.org/10.2307/3105905.
    
16.
       National Air and Space Museum, Smithsonian Institution, "Innovative People in Early Rocketry," entry for Max Valier, accessed September 8, 2026, https://airandspace.si.edu/explore/stories/innovative-people-early-rocketry.
    
17.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 157, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
18.
       National Air and Space Museum, Smithsonian Institution, "Model, Rocket Motor, Kegeldüse," collection no. A19850813000, accessed September 8, 2026, https://airandspace.si.edu/collection-objects/model-rocket-motor-kegelduse/nasm_A19850813000.
    
19.
       Andrew J. Dunar, "Wernher von Braun: A Visionary as Engineer and Manager," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 186-187, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
20.
       Andrew J. Dunar, "Wernher von Braun: A Visionary as Engineer and Manager," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 186-188, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
21.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 157-158, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
22.
       National Air and Space Museum, Smithsonian Institution, "Rocket Nozzle, Liquid Fuel, One-Stick Repulsor," collection no. A19781539000, accessed September 8, 2026, https://airandspace.si.edu/collection-objects/rocket-nozzle-liquid-fuel-one-stick-repulsor/nasm_A19781539000.
    
23.
       German Aerospace Center (DLR), "History of Space Research in Germany: Timeline of Important Events," accessed September 8, 2026, https://www.dlr.de/en/dlr/about-us/history-of-dlr/timeline-of-important-events.
    
24.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 158, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
25.
       Tom D. Crouch, "Willy Ley: Chronicler of the Early Space Age," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 157-158, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
26.
       Andrew J. Dunar, "Wernher von Braun: A Visionary as Engineer and Manager," in Realizing the Dream of Flight: Biographical Essays in Honor of the Centennial of Flight, 1903-2003, ed. Virginia P. Dawson and Mark D. Bowles, NASA SP-4112 (Washington, DC: National Aeronautics and Space Administration, 2005), 187-188, https://www.nasa.gov/wp-content/uploads/2023/04/sp-4112.pdf.
    
27.
       Michael J. Neufeld, "The Excluded: Hermann Oberth and Rudolf Nebel in the Third Reich," in History of Rocketry and Astronautics: Proceedings of the Twenty-Eighth and Twenty-Ninth History Symposia of the International Academy of Astronautics, ed. Donald C. Elder and Christophe Rothmund, AAS History Series, vol. 23 (San Diego: Univelt for the American Astronautical Society, 2001), 211.
    
28.
       Michael J. Neufeld, "The Excluded: Hermann Oberth and Rudolf Nebel in the Third Reich," in History of Rocketry and Astronautics: Proceedings of the Twenty-Eighth and Twenty-Ninth History Symposia of the International Academy of Astronautics, ed. Donald C. Elder and Christophe Rothmund, AAS History Series, vol. 23 (San Diego: Univelt for the American Astronautical Society, 2001), 211.
    
29.
       Andrew J. Dunar, "Wernher von Braun: A Visionary as Engineer and Manager





OEBPS/images/4690c60a-95ff-4ad2-b59f-92f99aff7c44.png
VECTOR ZERO








