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			Dedicated to everyone who agrees with Larry Niven that “The dinosaurs became extinct because they didn’t have a space program.”
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			Foreword

			At this fiftieth anniversary of Apollo 11, the first human landing on the Moon, many Americans will reflect on an epoch-defining event. Some will nostalgically commemorate an incredible national achievement—twelve Americans trod the lunar surface from 1969-72—that demonstrated America’s pluck and verve. 

			The Apollo moon program elicits both nostalgia and skepticism because it dramatically culminated an era of barnstorming astronautics that seemingly failed to transform the arc of human history. But people who would measure that transformation only in atomic-powered bases in space will benefit from Charles Pappas’s revealing account of lesser known characters, objects, and events from the Apollo era. Part memoir, lunar program history, and layperson tour of spaceflight technologies, Pappas draws readers in with his snappy prose and infectious excitement about an era that has not gone by. The arc of human history was in fact influenced by people who made the lunar landings possible and whose positive imprint is evident in our world today. 

			Among the inventors and program managers who appear in his fast-paced stories, Pappas shines a special light on the brilliant engineer Robert Goddard. His liquid-fueled rockets sprung from a starry-eyed imagination that helped realize his outrageous dreams (so said the New York Times) of human spaceflight and turned Earth orbit into an arena of workaday global communication, commerce, and data analysis. As Pappas shows, fantastical visions often led to such prosaic—yet fundamentally transformative—new realities in the space age. Thus efforts to design jet shoes, which cosmic pioneers would use to zoom towards setting stars, yielded the Manned Maneuvering Units that astronauts now use to operate outside of the International Space Station. Similarly, Buck Rogers dreams of ray guns help inspire laser technology that may yet yield space-based weapons but in the meantime has changed the way commodities are tracked, metals fused, and eyes repaired.

			Historians of the US space program know well that the demanding conditions of human spaceflight galvanized engineers to work quickly and invent things that became commonplace. So too does Charles Pappas, whose stories of spinoff technologies whirl with greater energy than standard historical accounts and prompt a satisfied mutter: “so that’s the real story of the space pen, memory foam bed, and Tang—the sweet elixir of moonstruck Americans and now of people across Asia.” These spinoffs, however, did not simply excite consumers. Many saved countless lives on Earth: emergency kits stock hypothermia-combating Mylar blankets, firefighters wear flame-resistant materials and breathe from high-tech air tanks, and sappers use solid-rocket fuel to neutralize the deadly global scourge of landmines one at a time. 

			This book entertainingly shows there was some truth to boosters’ claim that human spaceflight would excite people’s quest for knowledge. The emphatically judicious may discount the enduring urge to uncover UFOs, but they might enjoy Pappas’s account of that quest and of the more conventional astronomical search for extraterrestrial life.

			Whether you nostalgically commemorate or skeptically regard America’s lunar landings, the half-century anniversary of Apollo 11 is an occasion for sober reflection. Or if you prefer recapturing the youthful excitement and adult wonder about human spaceflight, keep turning the pages and let Charles Pappas show you how that one giant leap changed our lives in ways big and small.

			James Spiller

			Professor of History

			The College at Brockport, SUNY

			Author Frontiers for the American Century: Outer Space, Antarctica, and Cold War Nationalism

		

	
		
			Introduction

			When I was about nine years old, I shook hands with a god. It was a lowercase “g” god, but you can’t be picky about the deities you meet. My parents took me to the Capitol Building in Washington, DC, on a typical summer’s day, when the air is a soaking hot washcloth tied over your face. This is where I found myself staring up into the face of Virgil “Gus” Grissom. Even at my single-digit age, I knew he had been the second American shot into suborbital flight on the Liberty Bell 7, and he had just come back a few months after his stint as the command pilot for Gemini 3, the first manned Project Gemini flight, which flew on March 23, 1965. 
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					Virgil “Gus” Grissom, one of the original Mercury Seven astronauts, and the second American in space. NASA

				

			

			His three orbits and 80,000 miles around the Earth on the Gemini mission were overshadowed by another event inside the spacecraft. Grissom had smuggled a corned-beef sandwich on board. I didn’t know that some of the very congressmen swarming around him right at that moment had held an angry hearing over that unauthorized snack. All I remember is looking up at that smooth, uncreased face with hair as black and flat as the top of an anvil. His hand formed a warm bear paw over mine. His nails, I noticed, weren’t chomped down; my own were anxious stubs. His smile was easy and loose, exactly what I had hoped for. He asked how I was doing, and I stammered something in the falsetto of preadolescence. Soaring on the flying-carpet high of awe, I was scared that letting go of the hand that had been in outer space and steered spaceships would turn the moment into dust.

			Grissom was as heroic-large as anyone on Mount Olympus and Valhalla, although officially no member of the original Mercury Seven could be taller than 5 feet, 11 inches, and Grissom was the shortest of them all, at 5-foot-7. He was the embodiment of all the Tom Swift books I had devoured over and over, especially Tom Swift and the Visitor from Planet X, and Tom Swift and the Asteroid Pirates. The evidence of my fascination with them was the stains left from the grape popsicles and orange push-ups I ate while hunched over their pages. His presence and deeds in low orbit were a signet ring of space and adventure, and infinite possibility impressed on the soft wax of a child’s mind.       
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					Where the sidewalk ends: the reduced-gravity walking simulator. NASA
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					Buzz Aldrin on the moon. NASA

				

			

			The next few years brought maps of the solar system taped on all four corners to the yellow wall in my bedroom, my eyes always drawn to fat Saturn and its hula-hoop rings. That, and more Tom Swift books, Star Trek, and even on occasion, I am mortified to say, Lost in Space. It all culminated in 1969 with those words on the TV screen, live from the surface of the moon, and Walter Cronkite saying “Man on the moon!”

			In my mind’s eye, all those personal screen grabs—Grissom towering over me, the astronauts in their shiny suits boarding their capsules, the Saturn V knifing into the air with a blowtorch of thrust roaring out its back, Armstrong slowly walking on the moon as if treading through invisible water, Cronkite exulting on the air next to Wally Schirra, the Apollo 11 crew stuck in a Mobile Quarantine Facility peeking out through a rectangle of glass at President Nixon—are as iconically static as Mount Rushmore or Washington Crossing the Delaware. Motionless in their state of suspended animation, these images reflected a space race that was a 1-2-3, A-B-C, linear progression of milestones, each fitting on top of the one before as neatly as bricks in a wall.     

			
				
					[image: ]
				

			

			
				
					President Nixon visits the Apollo 11 crew in quarantine. NASA
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					Time-lapse images of a Gemini launch. NASA

				

			

			The reality is, the space race was anything but well-ordered. Getting to the moon was a rumble of chaos, detours, inspiration, dead-ends, courage, failure, paranoia, dreams, whims, and brainstorms. The reality was less warp drives and phasers, and more diapers and crumbs.

			One Giant Leap isn’t an official history of the Apollo era, but rather snapshots of the less appreciated characters, objects, and events from that time: the unappreciated genius of Robert Goddard; the monstrous complexity of the Saturn V rocket; the classified plan to build a nuclear rocket; the clandestine scheme to explode a nuke on the moon; the legend of the space pen; the ingenious weapons put on board Russian spacecrafts; the mystery of space ice cream; and the spin-offs of NASA technology we live with every day and barely acknowledge.

			Many of the people who defined that era in sharp, unforgettable strokes are gone now: Armstrong, Cronkite, Wernher von Braun, and of course, Grissom himself, killed in the Apollo 1 fire on the launchpad in 1967. He and the others are still as magic to me now as on that humid summer day in Washington, DC. Maybe more so, because now I understand they were heroes—not because they pursued power or acquired wealth, but because they gave the best part of themselves to something larger and more lasting.

		

	
		
			Chapter Two

			Getting Off the Ground: Robert Goddard
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			It was the most satisfying “You were right” in history. 

			Three days before Apollo 11 reached the moon and Neil Armstrong became the first human to tread across its gray surface of dead volcanoes and impact craters, the July 17, 1969, edition of the New York Times printed the mother of all corrections. “A Correction” was printed to a less-than-stellar editorial printed nearly fifty years before, in 1920. 

			Assessing Robert Goddard’s seminal work, “A Method of Reaching Extreme Altitudes,” an editorial under the heading “Topics of the Times” suggested—with a cherry of snark on top—that “professor Goddard with his ‘chair’ in Clark College and the countenancing of the Smithsonian Institution, does not know the relation of action to reaction; and of the need to have something better than a vacuum against which to react—to say that would be absurd.” 

			This scoffing, along with the proto air quotes around his academic status of “chair,” ended with a caustic flourish: “Of course, he only seems to lack the knowledge ladled out daily in high school.” Almost a century later, you can still hear the slow clap and the mic drop.

			The editorial forty-nine years later stated that “it is now definitely established that a rocket can function in a vacuum as well as in an atmosphere. The Times regrets the error.” Goddard was the Nolan Bushnell of his time, founder of Atari and creator of the early video game, Pong. Its two-dimensional graphics were as rudimentary on a screen as tic-tac-toe is on paper, but Pong was nonetheless the provenance Tetris, Minecraft, and Grand Theft Auto all shared. 

			Or, instead of Bushnell, perhaps Nikola Tesla would be a fairer head-to-head comparison. The Serbian inventor sailed for America with four cents in his pocket and calculations for a flying machine in his head. He pioneered the first hydroelectric powerplant induction motor, and his work in alternating current laid the groundwork for modern wireless data. But for all his prophetic genius, Tesla was a secretive paranoid who claimed he had received signals in his Colorado laboratory from another planet, a claim that was met with derision in some scientific journals.

			Goddard wrapped himself up in a cocoon of enigmatic privacy as dense as Tesla’s. 

			Maybe his self-generated protective force field came about because he was often as alone on Earth as his rockets would someday be in the sky. As a child Goddard was so often sick that he was held back from school for undisclosed illnesses, to the point where he wasn’t a sophomore in high school until he was nineteen, and didn’t graduate—albeit, as valedictorian—until he was a ripe old twenty-two. Goddard earned a BS from Worcester Polytechnic Institute in Massachusetts, and his PhD in physics from nearby Clark University. (He later taught at the Worcester Polytechnic Institute of Clark University.) 

			In 1913, at age thirty-one, he became seriously ill with tuberculosis. When his prognosis suggested his life would be a transitory one, he focused on his rocket dreams and continued to work. And work. And work.

			The moment after which there was no turning back for Goddard came about much like the story of Isaac Newton and the falling apple on the crisp afternoon of October 19, 1899. When he was seventeen, Goddard later reminisced, he climbed a tall cherry tree in his family yard to cut off dead limbs. Once he had scampered up near the top, he looked from his perch toward the east. “I imagined how wonderful it would be to make some device which had even the possibility of ascending to Mars,” he wrote. “I was a different boy when I descended the tree from when I ascended, for existence at last seemed very purposive.” Years later, the man who smoked cigars, played the piano, and painted for relaxation, still had the saw he’d taken up in the tree that day. For the remainder of his life, the boy who came down that tree celebrated October 19 as his own holiday. He called it “Anniversary Day.”
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					Dr. Robert Goddard at Clark University. NASA

				

			

			Goddard is credited with an astonishing total 214 patents, of which 131 were filed after he died. In 1914, though, Goddard received two key US patents, without which modern rocketry—like the Jupiter-C rocket that lifted the Explorer 1 satellite into orbit, or the Mercury-Redstone 3, that elevated Alan Shepard into suborbital flight, or the Saturn V with its 7.6 million pounds of thrust that shot mankind in the form of Michael Collins, Neil Armstrong, and Buzz Aldrin to the moon—is unthinkable. 

			Goddard’s accomplishments have a Da Vincian gleam, of someone so far ahead of the curve he may as well have been developing a steam engine six thousand years ago on the grasslands of Ukraine and Kazakhstan, when horses were first being domesticated. 

			The first of Goddard’s 1914 patents was for a rocket employing liquid fuel, and the second was for a two- or three-stage rocket using solid fuel. To convey how far ahead of his time he was in 1914, ponder this: The Wright Brothers had flown at Kitty Hawk, North Carolina, just eleven years before. In 1914, Willis Carrier patented an air conditioner in the United States. The inaugural nonstop solo flight across the Atlantic by Charles Lindbergh wouldn’t take place for thirteen more years. 

			When Goddard fired his first liquid-fueled rocket on March 16, 1926, he did it on the open expanse of his aunt Effie’s Auburn, Massachusetts, farm (now Pakachoag Golf Course). It burned for about twenty seconds before taking off, melting part of the nozzle. 

			According to his wife Esther, Goddard took in the boiling tableau and exclaimed, “I think I’ll get the hell out of here!” Nell—Goddard’s nickname for his rocket—rose 41 feet, and flew 184 feet at an average speed of 60 miles per hour. “It looked almost magical as it rose, without any appreciably greater noise or flame, as if it said ‘I’ve been here long enough; I think I’ll be going somewhere else, if you don’t mind,’ ” Goddard later wrote in his journal. 

			Despite the snippy New York Times takedown, Goddard flared with the brilliance of a Roman candle. On March 16, 1926, he launched the first liquid-fuel-powered rocket. That was the opening of an Edison-like production line of marvels. He flung the first scientific payload (a barometer and a camera) into the sky in in 1929; he developed an internal guidance system (a gyro apparatus) for rockets in 1932; he fired off a liquid-fuel rocket that journeyed faster than the speed of sound in 1935. Even the invention he never pursued still possessed a Tomorrowland gleam. His patents—#2,488,287, which is called “Apparatus for Vacuum Tube Transportation,” and #2,511,979, which is labeled “Vacuum Tube Transportation Systems”—imagined a kind of magnetic-levitation vehicle inside a vacuum tube that could move as fast as whatever maximum speed the human body could endure. 
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					Dr. Robert Goddard and “Nell,” the first liquid oxygen–gasoline rocket in 1926. NASA

				

			

			And yet Goddard labored on in a blind spot of science and culture, one chained to the era’s limited understanding of what rocketry might bring, and partly due to his self-imposed isolation that crippled him more than any of the critics taunting him with names like the “moon professor.” After the Smithsonian published his “A Method of Reaching Extreme Altitudes” (issued in Smithsonian Miscellaneous Collections, Volume 71, Number 2, 1919), the media picked up on its implications of rockets reaching the moon. Although Goddard focused solely on solid-fuel rockets in the article, he also offhandedly described a highly theoretical multistage, unmanned, liquid-fueled rocket that might be capable of reaching our closest interplanetary neighbor. That story traveled faster and farther than his rockets ever could, with the Times famously mocking him, and enthusiasts clamoring to join the crew of his impending lunar journey. Goddard even received interest from Hollywood, where an agent telegrammed him:

			Would be grateful for opportunity to send message to moon from Mary Pickford on your torpedo rocket when it starts.

			Publicity, whether in the form of an unwelcome editorial or an unwanted fame, curled him inward even more, a leaf raked by the cold of autumn. Goddard would be a think tank of one for all of his life. He forced his handyman assistants to sign oaths that promised they would never expose the details of the work they did for him. To do so would result in their abrupt termination. He revealed the 1926 launch only to those who had a kind of need-to-know status, including Charles Abbot, the director of the Smithsonian Astrophysical Observatory. He likely revealed it only because the institution had supported him with a $5,000 grant in 1917, and had legitimized him with the 1919 publication. He didn’t go public with the 1926 launch until his Smithsonian-published paper, “Liquid-Propellant Rocket Development,” a decade later, in 1936.
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					Goddard with his double-acting-engine rocket, in 1925. NASA

				

			

			Sickness and scorn and celebrity joined with his competitiveness to induce a kind of functioning, low-grade paranoia. With the rise of groups such as the American Interplanetary Society and the German Society for Spaceship Travel (Verein fur Raumschiffahrt, of which Wernher von Braun, the brainiac behind the Saturn V rocket, was a member), Goddard feared his forward-thinking innovations would invite thievery as much as mockery. Like a prophet in Bible times, he repaired to the wilderness. In this case, that meant Roswell, New Mexico, and its surrounding desert, to build and launch rockets. There he would attempt forty-eight flights, with thirty-one of them lifting off, including L-13, which peaked at an elevation of 1.7 miles, the highest any of his rockets flew. At one point Goddard packed a gleaming aluminum and stainless-steel rocket, slightly more than 15 feet long, into a wooden crate and shipped it to the Smithsonian for posterity. Then he went on to demand that his rocket never be shown in any manner without his permission. It was moved deep into the bowels of the rust-red-sandstone Smithsonian Castle and left there, unseen and unappreciated for more than a decade. 

			Goddard divulged to Charles Lindbergh—who had a keen interest in abandoning propeller-powered planes for jet-driven ones—that a stipend of $25,000 a year for four years would allow him to accomplish in that short span what would otherwise take him a lifetime. Lindbergh took the hint, and consequently brokered a meeting in Wilmington, Delaware, with industrialist Henry du Pont and a select group of engineers. But once the engineers began to scribble notes when Goddard revealed details about his rockets, he shut down, and all the light Goddard had begun to share went out of the conversation. After the meeting, Lindbergh flew Goddard back from Wilmington to New York, the first time Goddard had ever truly flown—in body, if not imagination. After soaring as high as his rockets and then diving so low the plane almost scraped treetops, Goddard wrote that the experience was a “a good test of my nerves.”

			Lindbergh later approached his friend, Harry Guggenheim, son of philanthropist Daniel Guggenheim. Soon the Daniel and Florence Guggenheim Foundation offered Goddard an initial grant of $50,000, followed over the years by $138,500 more. 
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					The 1914 patent for Goddard’s rocket apparatus. USPTO

				

			

			Even with friends like Lindbergh and benefactors such as the Guggenheims, Goddard kept his own counsel, often to his supporters’ irritation. In a letter Lindbergh penned to Harry Guggenheim in 1936, the aviator groused about Goddard’s more abstract pursuits: “I would much prefer to have Goddard interested in real scientific development than to have him primarily interested in more spectacular achievements which are of less real value.” (Likely Goddard’s focus on pure rocketry rather than jet-powered airplanes had frustrated Lindbergh.) Five years later, as the United States was about to enter the war that would accelerate every aspect of manned and unmanned flight, Brig. Gen. George H. Brett, chief of Materiel Division, US Army Air Corps, wrote a letter to Goddard rebuffing his rocket research proposals: 

			The proposals as outlined in your letter . . . have been carefully reviewed . . . While the Air Corps is deeply
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