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Dedicated to the 400,000 men and women of Apollo.
You made the dream come true.




Then what am I [when flying]—the body substance which I can see with my eyes and feel with my hands? Or am I this realization, this greater understanding which dwells within it, yet expands through the universe outside; a part of all existence, powerless but without the need for power; immersed in solitude, yet in contact with all creation?


—Charles Lindbergh, The Spirit of St. Louis


Ad astra per aspera—
A rough path leads to the stars.


—Apollo 1 Memorial, Kennedy Space Center




In 1969, a few months after Apollo 11 landed on the Moon, Rhode Island’s Senator John Pastore was interrogating Fermilab physicist Robert Wilson at a Senate hearing on whether the federal government should spend $250 million to build a new collider. The senator wanted to know, would this collider add to “the security of the country?”


“No sir, I don’t believe so,” Wilson answered.


Senator Pastore: “Nothing at all?”


Mr. Wilson: “Nothing at all.”


Senator Pastore: “It has no value in that respect?”


Mr. Wilson: “It only has to do with the respect with which we regard one another, the dignity of men, our love of culture. . . . It has to do with, are we good painters, good sculptors, great poets? I mean all the things we really venerate in our country and are patriotic about. . . . It has nothing to do directly with defending our country, except to make it worth defending.”
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PART I







1
Behemoth


On May 20, 1969, at 12:30 p.m. EST, a 363-foot, thirty-story-high black-and-white Saturn V rocket known as AS-506 was painstakingly trundled five miles across the raging heat and searing green of central Florida’s eastern coast by an eleven-man Kennedy Space Center crew aboard the world’s largest land vehicle, a six-million-pound, tank-wheeled crawler out of NASA’s Vehicle Assembly Building, itself a 129-million-cubic-foot edifice so massive that its steel accordion doors were forty-five stories high and, without its ten-thousand-ton air conditioner, interior clouds would form under its 525-foot-high ceiling . . . and it would rain. An enormous creation of white ship and red derrick, the rocket and its mated launch tower, a twelve-million-pound engineering and technological goliath, moved so slowly from where they had been assembled to their destination that progress could not be tracked by human eye. Instead, they would be noted at one point, and then a few hours later at another, the sight accompanied by a small shock, the shock of a great red-white-and-black skyscraper coming to life and advancing, imperceptibly, across the Florida sawgrass swampland.


The crawler at the rocket’s base was, in itself, such a dramatic piece of engineering legerdemain that it even impressed Kennedy launch operations director (and former West Point tackle) Rocco Petrone: “Somebody in our shop came up with the idea of using giant tracked machines like those used in strip mining. What evolved was the unique crawler or, more politely, transporter. As built by [Ohio’s] Marion Power Shovel Company, the crawler took shape with eight tracks, each seven by forty-one feet, with cleats like a Sherman tank, except that each cleat weighed a ton. Mounted over these eight tracks was the platform, bigger than a baseball diamond, on which the Apollo–Saturn V and its mobile launcher would ride majestically from VAB to pad at one mile per hour. The package weighed nine thousand tons, two-thirds cargo, one-third crawler.”


NASA itself manufactures very little of what it flies; instead, for Apollo 11, it relied on twelve thousand American corporations and four hundred thousand employees, almost all of whose output ended up at the Vehicle Assembly Building (VAB), which Petrone called “an intricate machine that assembled the vehicle in its final phases.” The Saturn V rocket’s bottom stage was built by Boeing at the Michoud Assembly Factory in New Orleans, barged down the Mississippi River, around the Florida peninsula, and through a series of canals to the VAB—the great, shimmering reflecting pool that has graced so many NASA launch photos is in fact a turning basin for its arriving barges. The booster’s stage two was built by North American Rockwell in Seal Beach, California, shipped through the Panama Canal to be test-fired at NASA’s Mississippi facility, and then shipped to Kennedy. Stage three originated with Douglas in Sacramento, California, and was flown to Kennedy via Aero Spacelines’ specially manufactured version of Boeing Stratocruiser: the Super Guppy. The Guppy had been created solely through the efforts and finances of Aero’s founder, John Conroy, who against many doubters insisted he could turn a generic cargo jet into a carrier that would fit NASA’s stratospheric requirements; the agency had previously tried using zeppelins to transport its enormous rockets, an experiment that did not end well. That same plane carried the Command and Service Modules from North American’s Downey, California, plant, while the Lunar Module, as light a ship as any in history, traveled by train and truck from Grumman’s factory in Bethpage, New York, to Florida.


After seeing their bucket arrive factory-fresh from manufacturer North American Aviation in its blue packing sheet, the Apollo 9 crew had named their Command Module Gumdrop, and their Lunar Module Spider, for its arachnid appearance. When Apollo 10 in turn christened their ships Charlie Brown and Snoopy, assistant administrator for public affairs Julian Scheer wrote Manned Spacecraft Center director George M. Low to suggest that perhaps the Apollo 11 crew might consider being less flippant in naming their craft. Scheer, in fact, would end up suggesting Columbia for the CM, while Jim Lovell, Neil Armstrong’s backup commander, would recommend Eagle for the LM. Both ideas would be adopted.


As each rocket part arrived at Kennedy, it was individually inspected, mated to its nethers in the VAB, and the whole then given a plugs-in test, a compete simulation of every dial, switch, pump, light, fan, valve, and motor that would be used on the mission. The near-sadism that had marked the earliest rounds of psychological and physical testing of the Mercury astronauts now found its match in the torturing of these machines. Columbia and Eagle, and their environmental, communications, electrical, and rocket sub-systems, were subjected to fire, ice, collision, shocks, vibration, dust, rain, and 587,500 forms of inspection.


After reaching the distant loneliness of Pad 39A’s octagon-shaped concrete slab built hard against the sea, Saturn V–Apollo 11 underwent a flight readiness test. Then its tanks were pumped with liquid oxygen, liquid hydrogen, jet-grade kerosene, and hydrogen peroxide at ten thousand gallons a minute for four hours and thirty-seven minutes, followed by the five-day, ninety-three-hour countdown to liftoff. At every step, a horde of technicians swarmed over the great leviathan, pumping and probing, tightening and reconnecting, moaning with frustration, or quietly moving on to the next of the tasks that seemed as endless as the stars in the night. NASA’s astronauts may have been widely admired for their daring and their courage, but these pad workers, under constant threat from enormous machines and lethal gases, were just as brave. Together they shared a utopian and impossible dream: that they would imminently send, for the first time in history, men to the Moon.


Rocco Petrone: “By the time of Apollo 11, the number of printed pages that were required to check out a space vehicle actually surpassed thirty thousand. In our testing we had a building-block approach, very logical, very methodical; you built each test on the last test, and the whole sequence expanded in the process.”


The rough-and-tumble Petrone had been working with the terse and severe Kennedy Space Center director Kurt Debus ever since the very first Redstone rocket was launched in 1953—Petrone was then an army ordnance officer—and the two had risen side-by-side to become heads of NASA’s Florida directorate. Kurt Debus was one of the original members of the Wernher von Braun rocket team—at the close of the war, his U.S. Army records described him as “an ardent Nazi” known to have “denounced his colleagues to the Gestapo.” At NASA, he was notoriously fastidious, a chief so enamored of cleanliness that he would personally tidy up his underlings’ desks, while New Yorker Petrone was just as famous for decimating a worker who didn’t give it his all. To get from Alan Shepard’s ballistic lob to Neil Armstrong and Buzz Aldrin’s moon-walk in less than a decade, the American team needed a front line of just this type of rough management in the theater of war that was the Space Race.


Over the previous seven years, Debus’s German émigré colleagues had created a booster for Armstrong’s Saturn that was fifty times as powerful as John Glenn’s Atlas and, most crucially, would have the remarkable legacy, unlike almost every other rocket in history, of never self-immolating on the pad—heroic engineering at its best. “One wonder to me was that no Saturn V rocket ever blew up,” admitted Apollo 11 Command Module pilot Michael Collins. “I mean, that just surprised the pee-willie [out of] me.” NASA researcher Jim Slade remembered: “I heard Neil Armstrong one time say that, today, they’re shocked when the shuttle doesn’t work every time, but they were always surprised when the Saturn V did.”


By the time of Apollo 11, Americans had watched so many rockets lifting off in so many countdowns that NASA’s dutiful television broadcasts had become as humdrum as breakfast. The reality, however, was far more dramatic, as deeply alien as anything in Heinlein, Clarke, or Asimov. The super-chilled LOX and LH2 fuels inside the Saturn—frozen oxygen and hydrogen, relentlessly difficult materials to manufacture, store, and transport, were used to thrust von Braun’s Apollo rockets as they were immensely efficient in the crucial ratio of propellant weight to firing power—were so volatile that even NASA’s stringent fueling and insulation technologies couldn’t stop a portion of them from boiling over, an alchemy of liquid-into-gas coursing through the missile’s plumbing that produced whistles, groans, and wheezes across the entirety of the thirty-story machine, as if it were a living, breathing creature. The cryogenic tanks also froze the dew of Florida hard against the rocket’s skin, which then gently floated to the ground as clouds of snow. And, at the Saturn V’s very tip, the hypergolic fuels used by Columbia and Eagle had a pronounced odor: they smelled like trout.


Closeout crew manager—and onetime Luftwaffe flight engineer—Guenter Wendt, a wiry, energetic, and demanding overseer known for his stringent behavior and his thick accent as “the pad fuehrer,” who had worked on every flight since the first chimpanzee’s, said of the fully assembled Saturn V: “It is a monster, that rocket. It is not a dead animal; it has a life of its own.”


“Standing up at night and the lights are on it and all this oxygen and hydrogen are boiling over the sides, it’s alive, it’s moving because the wind makes it sway, and that’s going to take you a quarter of a million miles to another planet . . . and when you get in it, you’ve got control of it,” said Apollo 10 and 14’s Gene Cernan. “You remained on the pad while the LOX prechilled, with xenon lights, and the wind blowing, and as those pipes chill, they scream,” Kennedy rocket scientist Bob Jones remembered. “This thing is groaning and moaning and the hydraulic pumps are coming on. . . . We would watch that thing ignite a beautiful, absolute, thunderous roar, zillions of horsepower, and you visualize them valves workin’ and them turbo pumps goin’ ch-ch-ch-ch-ch-ch. The thing is smokin’ and ventin’ and shakin’ and screamin’!”


The missile had six million parts, which meant that, under NASA’s rigor ous target of 99.9 percent reliability, six thousand of its elements statistically might fail. Petrone’s pad crew had in fact spent a frightful thirty-six hours the previous week, when it became clear that something was leaking, somewhere. The problem was traced back to the main LOX (liquid oxygen) tank’s helium pressurant manifold. Could it be fixed, or would the manifold need replacing—a four-day job that would mean canceling launch? One tech very carefully tightened a nut to see if that would fix the problem . . . and it did. The pad crew returned to their 1,700-page launch control plan, and the countdown continued.


At the rocket’s tip sat Command and service Module Columbia, and beneath it, Lunar Module Eagle, each costing $100,000, or ten times the Spirit of St. Louis, which had crossed the Atlantic a mere forty-two years earlier. For fuel, the CSM and LM used three hundred pounds of monomethyl-hydrazine and nitrogen tetroxide, which were hypergolic (self-igniting) when mixed—a useful feature in the vacuum of outer space, when they would be the critical components in bringing the astronauts home. Fully loaded for launch, Apollo 11–Saturn V weighed just under 6.5 million pounds, 6 million of which was its fuel and propellant: liquid oxygen (LOX) and kerosene for stage one; LOX and liquid hydrogen (LH2) for stage two; and hypergolics for the tiny modules that in its final days would be the mission’s only spaceships.


When Lunar Module pilot Buzz Aldrin was asked what the most dangerous part of his job would be, he said: “Launch.” The pad was where the worst could happen, and sometimes did. Kennedy rocket engineer Bob Jones remembered the early days, when “There was a Juno that went up and turned ninety degrees. It was sitting there, and it came back on the pad and a shock wave came up the flame trench and blew the covers off, and a cigarette machine outside was pierced and the candy bars and cigarettes went every-where and big chunks of concrete—I thought, ‘This is sporty business! This beats the hell out of drawing brackets!’”


Pad catastrophe was such a grave possibility, in fact, that NASA had engineered a number of methods to rescue its crews. The key system was a three-rocket apparatus—the launch escape tower—attached to Columbia’s nose cone, ready to fire, pull the men from their booster, deploy the chutes, and drift into an Atlantic splashdown. One of two reasons that the American space program used ocean landings to bring its ships home, in fact, originated with a capsule designed to safely bail into the Atlantic in case of pad disaster—the truth was, Mercury, Gemini, and Apollo craft could all equally touch down on land. “The principal reason for not landing on land is that coming down on parachutes, you drift,” manned spaceflight associate administrator George Mueller explained. “At that time, our ability to control the reentry profile was limited, and so no one wanted to take the chance of [targeting] White Sands and ending up in Albuquerque.” By Apollo 11, however, NASA reentry techniques had become so sophisticated and its splashdowns so accurate that the navy’s recovery fleets were cautioned to wait five miles from a planned recovery site to make sure that a capsule did not crash into one of its carriers.


Apollo’s predecessor, Gemini, had ejection seats instead of a launch escape tower, “but the problem is, if you fire the seat while you’re sitting on the pad, you get shot into the ground,” spacecraft manager Ernie Reyes remembered. “You don’t get shot up, and the parachutes open. You get shot straight down and you hit the dirt. Not a very well thought-out process . . . So we took some tractors out there with the disks and we plowed up the dirt. You fluffed up the dirt. What else can you do? My God, what else can you do?”


If a NASA crew managed to escape from the capsule in a launch emergency, they could also use Pad 39A’s 600-feet-per-minute high-speed elevators and be met on the ground by armored personnel carriers, or jump into a cab attached to a slide wire that would carry all three men 2,500 feet at 50 miles per hour away from an immolating missile. Michael Collins: “The slide wire had attached to it a small cable car which you entered and then released for the long slide down. At the bottom you got out of the car and jumped into a dark slippery tunnel, sliding along beneath earth and concrete, until finally you were spit out at the ‘rubber’ room. This chamber was shock-mounted so as to survive the earth tremor caused by an exploding Saturn V, and its interior was literally built out of rubber, including rubber floors and rubber chairs to further protect the occupants from vibration.”


Pad leader Guenter Wendt:


One day I got a call. “Mr. Burke is here and he would like to talk to you.” [Walter F. Burke was the vice president of McDonnell Aircraft, Wendt’s employer.]


I go in, and Walter said, he says, “I came all the way from St. Louis because something is bothering us in St. Louis very much.”


I said, “What is that?”


He said, “There is a rumor going on that you, somewhere in the white room, have stashed away a pipe or something like it, and that you would be willing to kill somebody if they block the exit in an emergency. Is that true or false?”


I said, “Walter, let me give you a background. When they are flight-pressurized, if they spring a major leak [in] the hydrogen [tank or lines and] find a hydrocarbon . . . we are in a hell of a big flame pit. I have thought many, many nights, long and hard, how can I save people. The elevator is no escape. We have a slide wire, but to the slide wire is only one inward-opening door. It cannot be made an outward-opening door. If somebody panics and blocks that door, and he’s bigger than I am, I will remove him by any means, and if you’d like to see the pipe I have stowed away, I’ll show you the pipe.”


He turned kind of whitish. But he went back to St. Louis. He didn’t say a word. . . .


[During Mercury, inspired by oil derrick techniques] we built . . . two slide wires and we designed it all. . . . We had a big trampoline, and put it vertically on some poles, so that you would hit the trampoline and bounce off. One time Shepard came out and Grissom and Cooper, and they came out with the pad safety guy. So Shepard says, “Wait a minute. We are supposed to do this, get in the ring and step over the side, and then let goooooo?” And so Safety says, “He can’t do that, he can’t do that.” So Grissom says, “Ja, you’re right. I better tell him that.” So he grabs one and goes right up there, and Cooper says, “Now, wait a minute. I belong to these guys.” So he went. And Safety says, “That’s completely illegal. The Air Force will scream. They will shut it down.” I said, “I tell you what. I’ll go and tell them about it.” Well, I hooked up and I went down. So then it became somewhat of a joy ride for some people.


Now that whole system, we put in for about $10,000 [to] $12,000 because we scrounged most of the material or we had it donated one way or another. But then later on, when we went to Apollo from there, I think the slide-wire system became a $1M project. And we then had a cable car which held nine people. [There was] a blast room down below, you know, and so on. But I once asked the helicopters, I said, “Now, if that happens to us and there’s a fire down below that we go up on top of the structure, would you come and get us?” And the major says, “Air Force regulations are: we stay 1400 feet away from you and we can wave at you.” . . .


The thing that always scared us was, in Gemini, when the Titan [was] flight-pressurized. And we had that glorious BFRC. You’re familiar with that term? It stands for “big fucking red cloud.” See, whenever they had a leak, they said, “Don’t open the elevator door!” It was big red stuff. You’re talking about nitrogen tetroxide all around us. . . . [Laughter] They had problems. It gave you a sour taste on your tongue and so on. We didn’t think it was that bad. Until we found out if you parked a car close by or if the Security came up and they walked through the clouds, all their badges turned black and the bumpers turned black on the cars. [And] you always could tell the people that worked on the peroxide systems, because they always had white hair in front, even being twenty years old. Because hydrogen peroxide does something like that. . . .


NASA lifers had spent nearly a decade waiting for this very moment in the summer of 1969. They had endured crushing workloads, heartbreaking failures, and too many nights believing that this was one dream that would never come true. For most of the federal government’s Space Race employees, in fact, imagining that Apollo 11 would succeed in taking its first crew to the Moon and back home again took more faith than they could draw. They wanted to believe, but agency history had dashed that hope so many times before.


As the mission’s countdown began, a Soviet fishing trawler, bristling with radio antennae, floated peacefully in the ocean nearby, just as it had for every NASA liftoff.


Posted across the campus of Houston’s Manned Spacecraft Center, meanwhile, were billboards asking every NASA employee:


“WILL YOU BE READY?”







2
The General’s Command


On June 12, 1969, at 12:30 p.m. EST, twenty-three days after Apollo 11–Saturn V had first settled onto its pad, the piercingly thin and brutally direct Apollo program director, Lt. Gen. Samuel C. Phillips, chaired a meeting out of his fifth-floor suite at the new L’Enfant Plaza offices of NASA headquarters in Washington, D.C. A dozen executives were arrayed in Phillips’s conference room, with two dozen more on squawk boxes across the country, and representatives listening in from McDonnell Douglas, GE, AC Electronics, MIT, IBM, Boeing, Martin Marietta, North American Rockwell, Philco-Ford, Chrysler, United Aircraft, and Grumman. It was this meeting that would decide the question: Would Apollo 11 launch the following month? And if it did, would it attempt to land on the Moon?


General Sam Phillips: “First, I’d like to hear from Lee James in Huntsville on the state of the launch vehicle, then from George Low on the spacecraft hardware and any other concern he may have. Third from Rocco Petrone at the Cape on launch readiness, and from Gene Kranz on flight operations, and finally from Deke Slayton, who is at the Cape, on the crew and their training.”


Saturn V Manager Lee James: “At eight o’clock this morning we went through, office by office, a review of the launch vehicle. We found we are probably in better shape than ever before in getting lessons from previous flights. I have nothing that makes me concerned about the July date. If we delay until August, a couple of extra considerations do arise.”


Manned Spaceflight Program Manager George Low: “If things don’t get any worse, no problem. We have had a lot of meetings. We don’t yet understand all the Apollo 10 anomalies. But if anything we are in better shape on the CSM and the LM than we were a month before Apollo 10. We are doing a little more work on the LM thermal protection against the blast [of the rocket exhaust as it descends to the lunar surface], and on the landing gear. We see no reason not to press on; no reason to prevent us making a July launch.”


Phillips: “What does the data analysis show on the staging?”


Low: “There is nothing new. We’ve continued to look at all the data. We hypothesize mixed wiring plus a malfunction.” This was a reference to the Lunar Module’s instabilities in separating its two sections on leaving the Moon, instabilities that had been so severe on the Apollo 11 dress rehearsal of Apollo 10 that they caused Gene Cernan to cry out, “Son of a bitch!” NASA and Grumman engineers spent countless hundreds of hours investigating the matter, but it would never be completely understood.


George Low: “The Lunar Receiving Laboratory finally seems to be ready. We did review flight operations and flight crew readiness.” The suite of rooms at NASA’s Houston campus that would house returning and quarantined astronauts and their samples of lunar rock had gone through a chaotic series of management upheavals.


Kennedy’s Rocco Petrone: “I agree with George Low and Lee James. All the open work [unresolved issues] we have seen we can handle. We have four and one-half to five days positive slack in the schedule.”


As flight director Chris Kraft couldn’t attend, one of his lieutenants, Gene Kranz, had been deputized to represent Mission Control’s ground team. Kranz: “Basically we are in a very good posture. We are tight in a couple of spots. Tomorrow we have a telecon set up with the prime flight crew. The major open item is joint training with the crew. But we are in good shape for a July launch.”


Phillips: “Which is the most critical item in the simulator area?”


Kranz: “We need a one-day tune-up effort, and we need a LM checkout we want to run through once. Basically, the simulations we’ve got scheduled with the crew are tight, but we have a good set of procedures and flight plans. The crew training with us is ninety percent effective.”


Flight crew operations director Deke Slayton: “Our story hasn’t changed appreciably. Training is scheduled up to the sixteenth. We have had to compromise in the CSM-LM area. We should have one hundred more hours, but we’ll have to fit the training in only half of that. I think we are comfortable with what we’ve got. The LLTV [Lunar Landing Training Vehicle, a fussy and erratic contraption of metal crossbars, rocket engine, and thrusters, which simulated piloting the Lunar Module under the Moon’s one-sixth gravity] is an open area. Neil will fly the LLTV Saturday, Sunday, and Monday, and maybe Tuesday and the following weekend.”


Phillips: “Let’s explore it. Go back to early this year in assessing what had to be done. LLTV training justified the risk; we all took that into consideration. Neil had flown the LLTV. We would cancel the LLTV if we felt we couldn’t get it in shape to fly; we felt we could go ahead without it. I’ve thought LLTV was highly desirable but so far haven’t concluded that it is mandatory. If we find the LLTV can’t be flown, what then?”


Deke Slayton: “If we can’t fly it this weekend, we are going to have to bite the bullet. The cutoff date is the weekend of the twenty-first. We don’t want to get Armstrong’s mind cluttered up. There is one other constraint, the outside input. Everybody thinks they’ve got to talk to the crew.”


Phillips: “Has the crew been asked to do anything that’s giving you trouble?”


Slayton: “No, except the press conference.”


Phillips: “In my opinion, subject to comment by others, it’s essential that the crew feel confidence in regard to maneuvers in normal and emergency situations, and in abnormal situations where reaction has to be immediate. There are an infinite number of normal situations to figure out and act upon. We want to be sure in cutting back the original plan of seven or eight months ago that nothing is cut out that would be considered taking a shortcut.”


Slayton: “We are about where we were this time before Apollo 8. We are in better shape than with 9, but not so good as 10. 1 have no reservations about the crew being adequately trained.”


In fact at that moment, Apollo 11’s Neil Armstrong, Buzz Aldrin, and Michael Collins did not themselves feel adequately trained, but they were afraid to admit this to Slayton. “Neil used to come home with his face drawn white, and I was worried about him,” Armstrong’s wife, Jan, remembered. “I was worried about all of them. The worst period was in early June. Their morale was down. They were worried about whether there was time enough for them to learn the things they had to learn, to do the things they had to do, if this mission was to work.”


Slayton did acknowledge that Aldrin wanted more hours for his geology studies, which, the astronaut said, “opened my eyes to the immensity of time.” Collins confessed that, “I hate geology—maybe that’s why they won’t let me get out on the moon.”


Phillips then asked what would be gained by postponing to an August launch.


Slayton: “We’d gain some time in flight plans and trajectory. Basically, we’d do what we have been doing already. We’d be more comfortable. Honest to say, I don’t think we’d be all that much better off.”


Physician Chuck Berry, however, disagreed: “The days turn out to be long ones, and then you have more long ones. It’s hard to put in concrete terms, but I have this feeling that they ought not to fly in July. . . . Deke is being straight, but realistically it’s not going to happen that way.”


Hearing Berry’s comments, public affairs chief Julian Scheer muted his mic and turned to his colleagues: “Chuck wants to make the decision.”


Phillips then asked every manager who hadn’t spoken for his opinion. All said to move forward, save for one subcontractor executive, who cautioned, “I feel a little uneasy.”


Phillips laughed. “I’ve been uneasy for the five and a half years I’ve been here.”


After the launch, Deke Slayton summed up what had happened: “The toughest job we had to train for on Apollo 11 was landing on the moon. All the rest of the stuff—rendezvous, zero-G, extravehicular activity—had been done and done again. . . . Apollo 7 shook out the command module; the Apollo 9 guys had to bite the bullet on the lunar module, and that was a helluva job. Apollo 8 went to the moon and back, so we knew how to do that. Apollo 10 checked out lunar orbit rendezvous as opposed to rendezvous in earth orbit. . . . The thing we hadn’t done was land anything, manned, anyplace on the moon. Training for that was something else.” Much of the reason it would turn out to be “something else” is that, because NASA had stacked up its launches so tightly, Aldrin and Armstrong couldn’t actually begin to use the Lunar Module simulator until May, a mere two months before their launch, since the Apollo 10 crew was still training in it. It would be June 10 before they could start their contingency training, not even six weeks before liftoff.


Apollo 10 was such a detailed rehearsal for 11 that George Mueller, who had initially thought Apollo 8 was going too far, now believed the agency didn’t need to wait—10 might as well be the first lunar landing (a position its crew seconded). The Lunar Module’s engineering team, though, hadn’t yet found the right mix for a vehicle light enough to ensure a successful liftoff on the return home. Even so, NASA felt the need to take a special precaution to keep the 10 crew from preempting Apollo 11. “A lot of people thought about the kind of people we were: ‘Don’t give those guys an opportunity to land, ’cause they might!’” said Apollo 10’s Gene Cernan. “So the ascent module, the part we lifted off the lunar surface with, was short-fueled. The fuel tanks weren’t full. So had we literally tried to land on the moon, we couldn’t have gotten off.”


The five years of unease which General Phillips admitted to was echoed by MSC program manager George Low’s daily progress reports:


3 April 1969.


I have a list of 149 Apollo [9] anomalies. Considering that this was a perfect flight, I wonder what would have happened if we had had a bad flight.


Buzz flew 79 parabolas in the KC-135 [“Vomit Comet”] yesterday—a new record. Everybody got sick except Buzz.


4 April 1969.


Apollo 9 anomalies . . . My overall list . . . is getting longer instead of shorter. . . .


Lunar Exploration Program meeting. I thought things were going well until Dr. Wise from Hq. indicated in effect that none of the things we were proposing would lead to useful lunar science. I felt I had to walk out since otherwise I might have said things I would have regretted later.


21 April 1969.


Apollo 11. Rash of problems, esp. on LM side. Punctured a small hole about 3 weeks ago, but by the time we’d fixed it we had punctured 2 more holes, and we now have patches on patches on patches. Then we allowed water to enter [the] glycol loop—we decided to drain, evacuate and refill entire system. Will take 5 days. Then an arc was struck against a water glycol line, burning a small hole in that line.


23 April 1969.


Apollo 11. Procedural problem ruined all three fuel cells in CSM 107. Need astronaut motivation work among people working on Apollo 11 to re-emphasize importance of doing everything right. [The NASA technique of astronauts’ making personal appearances at factories to remind employees that a human being would be relying on their efforts had been found time and again to dramatically boost the quality of workmanship.]


24 April 1969.


Flight Crew Support Activities. Weekly review of Warren North’s schedule discouraging. We have found many times where changes that were necessary for one flight never were applied to succeeding missions. We have tried to coax Warren along by showing him how to develop a good systematic approach to what he has to do, just as Chris Kraft has in his operation and we have in ours. Today I somewhat deliberately lost my temper; perhaps I achieved my purpose. . . .


26 May 1969.


Very little time between now and Apollo 11.


CSM: Forward hatch insulation will be removed; fuel cell sorting problem we may never understand; the fuel cell condenser exit problem is being analyzed.


LM: no final answers yet on S-band comm. difficulties, the Gimbal Drive Actuator; and the cabin pressure lost.


To a civilian outsider, the combination of Low’s notes and the pessimistic comments at the Phillips teleconference might seem to suggest one answer: Postpone the mission. To NASA executives, however, work was progressing about as smoothly as it ever had. For ninety minutes, the other executives discussed Apollo 11’s final, less crucial details. Then, General Phillips made his decision:


“Go.”







3
Anything but What He Is


On December 23, 1968, as Frank Borman, Jim Lovell, and Bill Anders were about to circumnavigate the Moon aboard Apollo 8, Deke Slayton asked Borman’s command backup, Neil Armstrong, if he wanted to lead Apollo 11 and, if so, did he want to include another Apollo 8 backup crewman, Buzz Aldrin? Armstrong answered yes to both questions. Deke then asked if, for the third crewman, Armstrong would prefer Fred Haise to pilot the Lunar Module, or Michael Collins on Command Module, with Aldrin slotted into the remaining position, having trained for both? Armstrong talked things over with Collins (who’d just been restored to flight status after undergoing a risky spinal operation) and decided he would get the assignment.


The three were happy to be slotted for a mission but at that moment, no one yet believed that this would be it. “I suspected that it was highly unlikely that Apollo 11 would in the final analysis be the first lunar landing flight,” Armstrong said. “The Lunar Module had not yet flown, and there were a lot of things about the lunar surface we didn’t know. We didn’t [even] know if Mission Control could communicate with the Lunar Module and the Command Module simultaneously and successfully. . . . We didn’t know whether the radar ranging would work. . . .


“I guess there’s some thrill to being first to do something and most of our guys in the program so far have been the first at something, just because there’s so few of us and so much to be done for the first time. Of course the first to land on the moon—why that’s a considerably bigger thing—but I would probably have to agree with those that said in this feat who the person is is sort of happenstance. . . . It’s not the same sort of thing as when Lindbergh crossed the ocean. . . . [That was all] based on his own ideas and his own techniques and his own accomplishments. That’s not the sort of a thing this is.” Collins was then equally skeptical, putting the odds of Apollos 10, 11, or 12 being first on the Moon at 10, 50, and 40 percent, respectively.


When Buzz Aldrin heard he’d been selected for Apollo 11, his reaction was not what anyone would have expected. Aldrin hoped to be part of a mission of scientific breadth, where his MIT Sc.D. might mean something, and was unnerved by the celebrity that would inevitably result from being one of the first men on the Moon. Her husband was always a loner, but Joan Aldrin knew something was up when Buzz grew even more distant than usual in January. When he finally broke the news, she wasn’t sure whether to be thrilled or afraid; Mrs. Aldrin finally had to break her own worry and tension through a giant effort of housecleaning and painting.


During Buzz’s Gemini mission, Joan had wondered if “our marriage wouldn’t be the same, that it would be so much more magical and meaningful and magnificent because he’d done this wonderful thing.” That did not happen. “At first I was disappointed, and then it was comforting to think that it hadn’t changed him,” Joan finally decided. “He’s not the same person I married, but I don’t believe that I am the same person, either.”


“Having experienced one space flight previously,” Buzz Aldrin said, “and the hometown parade and the speeches and everything around me, I didn’t relish that part of being an astronaut. I knew that would be peanuts compared to what was going to happen after this flight. And that’s why I had an inkling of a thought that if there was a way to avoid that postflight stuff, maybe it would be better to go on a later mission. . . .


“Neil Armstrong, one of the quietest, most private guys I’d ever met, has often been described as taciturn, but that’s an understatement. Neil was a man from rural Ohio who’d worked his way through a career in aviation and spaceflight, carefully watching everything he did and said. His family was his social life. He was not the hard-drinking, fast-driving ‘right stuffer’ the public seemed to think all the astronauts were. Mike Collins was not quite as quiet, but he was hardly what you’d call flashy. None of us was going to have an easy time with the public relations part of our mission.”


Buzz told Joan that he was seriously contemplating resigning from Apollo 11 . . . but then, no astronaut had ever turned down a slot, and doing so might mean the end of his career at NASA. Joan wrote in her diary: “Broke out in blotches last night, which still persist today. I’m covered in pancake makeup and jumpy. Nerves. If I’m like this now, what will I be like when it really happens? . . . I wish Buzz was a carpenter, a truck driver, a scientist—anything but what he is.”


The decision of which man would be first to set foot on the Moon turned out to be a long and contentious process, repeatedly mishandled in public, and exactly what happened is still hazy. Among a number of press reports, Arthur J. Snider wrote in the February 27, 1969, New Orleans Times-Picayune that “the flight plan as now drawn calls for Aldrin to climb down the ladder from the lunar module shortly after touchdown. He will immediately inspect the long-legged spacecraft for any damage and remove equipment from bays on its exterior. Forty-five minutes later the Apollo commander, Neil A. Armstrong, will descend and join him. The disclosure of Aldrin as the choice comes as a surprise to many who had speculated that the top commander would be entitled to pull rank and take his place in the history books as the first man to set foot on a satellite of the earth. But the space agency official said that the decision is not Armstrong’s to make.”


The procedure described by Snider is in keeping with a long navy tradition of not having a ship’s commander be the first to enter unknown territory; due to the long relationship between the USN and NASA’s predecessor, the National Advisory Committee for Aeronautics (NACA), there’s a lot of navy in NASA’s genetic code. In March, manned spaceflight associate administrator George Mueller confirmed to a group of reporters that Buzz Aldrin would be first out. At the same time, however, Deke Slayton told Aldrin that he assumed Armstrong would be first, since he had seniority in the corps.


The confusion finally forced a decision on the agency’s executives. “I thought back to the intense and private discussions we’d had about who should be the first man on the moon,” flight director Chris Kraft said. “In all the early flight plans and timelines, it was the lunar module pilot. Buzz Aldrin desperately wanted that honor and wasn’t quiet in letting it be known. Neil Armstrong said nothing. It wasn’t his nature to push himself into any spotlight. If the spotlight came, so be it. Otherwise, he was much like [manned spacecraft chief] Bob Gilruth, content to do the job and then go home.”


This wasn’t the first time Aldrin would suffer for his lack of political finesse. After he’d explained to astronaut chief Slayton in great detail how his MIT doctorate and continuing studies in rendezvous and docking made him crucial to the success of Project Gemini, Slayton decided not to slot Aldrin to fly in the program at all. Later, when Aldrin tried giving Frank Borman some advice, Borman replied, “Goddamn it, Aldrin, you got a reputation for trying to screw up guys’ missions. Well, you’re not going to screw up mine.”


“[Buzz] came flapping into my office at the Manned Spacecraft Center one day like an angry stork, laden with charts and graphs and statistics, arguing . . . that he, the lunar module pilot, and not Neil Armstrong, should be the first down the ladder on Apollo 11,” Gene Cernan remembered. “Buzz had pursued this peculiar effort to sneak his way into history, and was met at every turn by angry stares and muttered insults from his fellow astronauts. How Neil put up with such nonsense for so long before ordering Buzz to stop making a fool of himself is beyond me.”


“Neil, who can be enigmatic if he wishes, was just that,” Aldrin said. “Clearly, the matter was weighing on him as well, but I thought by now we knew and liked each other enough to discuss the matter candidly. Neil equivocated a minute or so, then with a coolness I had not known he possessed he said that the decision was quite historical and he didn’t want to rule out the possibility of going first. I was more surprised by the manner of his reply than by what he said, for what he said did have logic. I kept my silence several more days, all the time struggling not to be angry with Neil. After all, he was the commander and, as such, the boss.”


“I thought about it,” Chris Kraft continued. “The first man on the moon would be a legend, an American hero beyond Lucky Lindbergh, beyond any soldier or politician or inventor. It should be Neil Armstrong. I brought my ideas to Deke, and then to George Low. They thought so, too.”


Other executives arrived at the same decision from different paths. Deke Slayton: “We had procedures guys to score a couple of timelines like that. Their logic was trying to split the workload between the LMP [lunar module pilot] and the CDR [commander], and they figured the CDR was going to be overly worked if they got him out there first, and they were working things around in that direction. That didn’t sound right to me, based on the configuration of the spacecraft . . . and secondly, just on a pure protocol basis, I figured the commander ought to be the first guy out.” Collins remembered that on Apollo 9, LMP Rusty Schweickart “had to crawl all over CDR [Jim] McDivitt” to be first out of the LM.


At the time, NASA’s explanation for its decision was based on the Apollo 9 troubles—the Lunar Module’s hatch design meant its mission commander would be forced to exit first. Many at the agency, including Michael Collins, believed there was another side to the story: “Originally, some of the early checklists were written to show a copilot first exit, but Neil ignored these and exercised his commander’s prerogative to crawl out first,” he said. “This had been decided in April, and Buzz’s attitude took a noticeable turn in the direction of gloom and introspection shortly thereafter. Once he tentatively approached me about the injustice of the situation, but I quickly turned him off. I had enough problems without getting into the middle of that one.” Collins would later acknowledge that he was not completely sure about the details of this account, but others had similar memories. Contamination control officer Mike Reynolds:


The story told to me was, “Okay, when you land on the surface of the Moon, what are you going to do?”


Armstrong said, “I’ll check this. We’ll check this,” and they had a check-off list.


“Okay. Buzz, what are you doing to do?”


And Aldrin says, “Well, when Armstrong gets done, I’ll open up and I’ll egress.” He said it went absolutely quiet.


Armstrong looked around, and he said, “Buzz, I’ll be the first one out.” That was the end of the question. What people don’t realize is that these guys were all military, all but Armstrong, and they understood the chain of command.


Buzz’s father would in fact spend the ensuing decades trying to make his son “first on the moon” in history. If Armstrong and Aldrin had followed Edmund Hillary and Tenzing Norgay’s Everest precedent, and arranged to touch down together, it might have made both of their lives in the aftermath of Apollo 11 a lot easier.
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Apollo 12/Skylab 3’s Alan Bean:


When you’re getting ready to go to the moon, every day’s like Christmas and your birthday rolled into one. I mean, can you think of anything better? . . . Things were moving so fast and everything was changing all the time. Nothing ever seemed to go like you thought it was. The flight wouldn’t go right some way, some other flight, people would be changed from the crew. Everything was in a state of flux, always. . . .


Another memory is just your not knowing anything about what’s going on in the rest of the world. Vietnam took place, the racial unrest and all that stuff. I can remember getting ready to fly out to California one time, and as we’re leaving Houston, someone says, “Don’t fly around the Watts area when you’re making your approach to LAX.” “Why not?” “Well, they’ve got a riot going on down there.” “Oh, okay.”


We had an astronaut party once a month, and usually it consisted of conversation that you had at work except wives were there at the time, and they probably thought, “These guys never talk to us, or if they do, we don’t know what they’re talking about,” because we were talking about these same things over and over again, trying to figure them out. And there was always the controversial items. You’d solve them or make a decision, like, “Do we have radar or some other kind of tracking on the lunar module?” Maybe that went on for six months. Some others would be, “Do we do a one-orbit rendezvous or three?” You’d study it. You’d think about it.


Everybody would have an opinion, and then finally it would get decided, and when it did, then you would say, “Okay. We’re doing that. Now what do we have to know as a result of this?” “Okay, now we’ve got to know how many times this should strobe.” You see, it was a building. You had to solve these big problems, everybody had to agree, because they had to know their little part and work with the big solutions. Then it was the next layer, then the next layer, and finally, just before you do the mission, you solved the last layer, and you’d do that, and then you’d go do the mission and see if this would work, and if it would, then you could do the next layer. But all these others had to be working along the way. So it was an all-encompassing time of making an impossible dream come true.


As the men of Apollo 11 would soon learn, however, not every day of preparing for so historic a mission would be celebratory. The chore that astronauts hated more than any other began in earnest on July 5, 1969: a fourteen-hour endurance marathon with the general press, the wire services, magazine journalists, and television broadcasters—the very press conference that Deke Slayton had complained about at General Phillips’s teleconference.


Mike Collins, Buzz Aldrin, and Neil Armstrong appeared, early that morning, at the Manned Spacecraft Center’s visitor theater wearing gas masks before six hundred journalists, rustling and nervous in their rows of orange plastic seats. Like anywhere in the NASA tropics of Houston, Louisiana, Mississippi, Alabama, and Florida, outside, it was very wet and ninety degrees plus; inside, it was dry as a bone, and sixty-two. Flanked by the medallions of their agency, their mission, and an American flag, the crewmen climbed the stage and entered a big plastic box, which had fans blowing air and press germs away from them, part of a quirky and erratic quarantine procedure. Once safely inside this box, they took off their masks.


After the rapt euphoria of John F. Kennedy’s Project Mercury, historians and journalists have had an uneven time with NASA and its employees. A central reason for the creation of the federal space agency was to prove to both the citizens of the United States and the world at large that the American way of life was superior to totalitarian communism. Public relations, on a massive and global scale, was at the very heart of the enterprise. NASA’s overseas PR, in fact, would reach a hundredfold success in the aftermath of Apollo 11, creating a worldwide surge of admiration for the United States, a dazzling peak of global prestige that has never been equaled.


For most NASA fliers, however, working with the media was simultaneously a glorious ego boost and excruciatingly oppressive, as enjoyable as having one’s intimate thoughts and personal feelings examined as if they were insects under dissection. Astronauts would become famous through the press, and famous to the press for their loathing of the press, a sentiment shared by the great majority of the agency’s other employees. Many NASA workers were immersed in principles of celestial mechanics, in work so astronomically complicated that explaining it to a layman was more trouble than it was worth. Abetting them was a military infusion of pilots and contractors, men who believed with all their hearts that the less said, the better (an attitude epitomized by Apollo 11’s commander). The agency’s biggest celebrities, its combat-test-pilot astronauts, were notoriously laconic, epitomized by the story of the fighter pilot on his radio (where the cardinal rule is to only transmit absolutely crucial information) who kept shouting that he was about to be shot down: “I’ve got a MiG at zero! A MiG at zero!” Another navy man cut in to say: “Shut up and die like an aviator.”


Even though the agency was founded on principles of openness and transparency in deliberate contrast with Soviet clandestine belligerence, the men and women of NASA had an almost innate anti-press bias. During the first American launches, “We reporters would watch from the beach, but they wouldn’t let us in,” space correspondent Jay Barbree recalled. “But we kept banging at the gates and kicking at the fences until they said, ‘You’re more of a nuisance outside than you would be inside,’ so they finally let us in.” Other reasons for institutional secrecy were NASA’s fears of revealing to Congress and taxpayers just how risky its missions actually were; the astronauts’ exclusive contract with the relentlessly anodyne Life magazine; the stereo typical engineering attitude of being more interested in things than in people; and the grave hurdle of NASA jargon, a vernacular that combined the studied flair of pocket-protecting engineers with the delicate nuance of Pentagon bureaucrats.


Regardless their lack of interest in providing detailed description and anything that even resembled small talk, NASA’s military employees, pilots, and engineers came from long-standing traditions of communication that virtually parodied human speech. Though it was not as explicitly humorous as the United States Air Force’s brand of space lingo—which called one program “Man in Space Soonest” (MiSS) and a spacecraft, Dyna-Soar—novices to the American space agency were lost without a translator:






	NASA

	Civilian





	enable

	turn on





	disable

	turn off





	peripheral secondary objectives

	other choices





	obtaining maximum advantage possible

	doing our best





	very high confidence level

	confident





	concentric sequence initiation

	orbit





	terminal phase initiation

	dock





	eat cycle

	meal





	integrated thermal meteoroid garment

	space suit





	normative

	as expected





	contingency

	astronauts about to die







The July 5, 1969, press conference was a near-perfect display of NASA’s fundamental PR conundrum—having to talk, but hating to talk—which the agency’s executives tried to address by relying more and more extensively on their universally loved celebrities, the astronauts, in something of a bait and switch. On joining the corps, NASA fliers were required to be the finest test pilot–engineers that America could produce. After taking part in successful missions, however, they were expected to become mediagenic spokesmen, delightful after-dinner speakers, statesmen who always knew exactly what and what not to say, philosophers with profound notions of the cosmos, poets with lyrical talents and extraordinary sense memory for describing their journeys, and all-around agency pitchmen. But because pilots and engineers, especially great pilots and engineers, are not inclined to engage in crowd-pleasing banter and evocative descriptions of earthshine, it’s almost shocking that more of them didn’t end up as dazed and confused as Buzz Aldrin after his return from the Moon. When Gemini 5/ Apollo 12’s Pete Conrad, for one example, was asked what traveling to the Moon was like, he said, “Super! Really enjoyed it!” That any of them (most notably John Glenn) succeeded in both capacities is a startling achievement.


Mike Collins tried to explain this conflict: “Being a military test pilot was the best background from a technical point of view, but was probably the worst background from a public relations or emotional point of view. We were trained to transmit vital pieces of information. If someone had said from the ground to me in space, ‘Well, how do you feel about that,’ I would’ve said, ‘What? Huh? I don’t know how I feel about that, you want the temperature, you want the pressure, you want the velocity, you want the altitude, what do you mean, how do I feel about that?’ It was not within our ken to share emotions or to utter extraneous information.”


“The tension between the astronauts and the public affairs office was a continuous problem,” public affairs officer Col. John A. “Shorty” Powers admitted. “I think all seven [Mercury] guys really enjoyed the exposure—they are human and they didn’t mind seeing their names in the papers. Yet as test pilots, they instinctively rebel at having to spend time talking to the news media. The story that comes out of an interview does not always suit the man who gave the interview and they didn’t understand that. They resented me because I represented the news media. . . . One of the classic comments that several of the guys made during the early flight program was in reply to a question from the news guys as to what the toughest part of the flight was. The astronauts’ reply was the press conference.”


Matching NASA’s deficiencies in working with journalists, however, were the journalists’ own array of shortcomings. Those who weren’t woefully uneducated, disrespectful, or heedless invaders of privacy (with photographers the most egregious offenders) were perhaps the most difficult of all: the hardcore space cultists. Norman Mailer (who himself had a Harvard degree in aeronautical engineering) described his fellow journalists at Apollo 11’s July 5 press event as “a curious mixture of high competence and near imbecility; some assigned to Space for years seemed to know as much as NASA engineers; others, innocents in for the big play on the moon shot, still were not just certain where laxatives ended and physics began. . . . everybody was a little frustrated—the Press because the Press did not know how to push into nitty-gritty for the questions, the astronauts because they were not certain how to begin to explain the complexity of their technique.” If journalism is the first draft of history, these disparate forces would collide to form a very rough and erratic initial take.


Michael Collins: “What [the press] really wanted to know was: beyond all that technical crap, what did the crew feel? How did it feel to ride a rocket, what thoughts were racing through your mind as you plummeted toward the sea with the parachutes not yet open? How scared were you, anyway? This is what Life paid to find out, and what the others pried to find out without paying, and in truth, neither unearthed very much. . . . As technical people, as test pilots whose bread and butter was the cold, dispassionate analysis of complicated facts . . . it didn’t seem right somehow for the press to have this morbid, unhealthy, persistent, prodding, probing preoccupation with the frills, when the silly bastards didn’t understand how the machines operated or what they had accomplished. It was like describing what Christiaan Barnard wore while performing the first heart transplant.” While understandable, the astronauts’ collective inability to describe what they were experiencing in detail would unfortunately prevent the rest of the world from sharing with them the rapturous joy of discovery awaiting them on the Moon and across the heavens.


Neil Armstrong was a test pilot’s test pilot, an aeronautical engineer’s aeronautical engineer, and a loner’s loner, who baffled writers and journalists—not to mention his colleagues—for over four decades. All the journalists at the July 5 prelaunch gathering wanted from him, really, was a nice comment or two that would make a good headline or pull-quote. Armstrong would not, or could not, comply. Buzz Aldrin, a famously snazzy dresser for an astronaut (a group whose collective taste in Ban-Lon had much to do with military pay scales), had worn an incandescent green suit to the conference which, combined with his thorough grasp of the mission’s technology, helped him somewhat overcome his fear of public speaking and compensate for Armstrong’s glacial distance. Still, Aldrin preferred to communicate in full-blown NASAese. Instead of offering direct quotes for the papers, everything he said ultimately had to be translated for the folks back home: “phasing maneuver . . . descent orbit . . . executing this burn . . . inputs in terms of altitude and velocity updates . . . trajectory conditions.”


Michael Collins was, as always, the most comfortably outgoing of the three, but then, as he wasn’t going to the Moon, only one journalist at the conference bothered asking him a question: What is it like not going to the Moon? Collins: “I’m going 99.9 percent of the way there, and that suits me just fine. . . . I couldn’t be happier right where I am.” Since that event forty years ago, Collins has expressed this sentiment in different ways, any number of times. No one has ever believed him. An astronaut sharing Collins’s fate admitted, “I wanted to go with them so bad I could taste it. . . . I wish the damn thing could hold three people.” Perhaps if the press that day had known that Collins had effectively resigned from NASA before liftoff, they would have had a remarkable story to pursue. But no one at the time could have imagined such a thing.


When asked what he would do if the Lunar Module’s ascent engine didn’t work, Armstrong said (with the long pauses that are a part of his normal speech pattern, that of a man who considers every single word before saying it), “Well . . . that’s an unpleasant thing to think about. . . . We’ve chosen not to think about that . . . up to the present time. We don’t think that’s at all a likely situation. . . . It’s simply a possible one.” Actually, Armstrong later admitted that he “had proposed many months earlier—maybe even years earlier—that we just put a big manual valve in there to open those propellant valves rather than, or in addition to, having all the electronic circuitry,” as he described it. “But management didn’t think that that was up to NASA’s standards of sophistication.”


Armstrong was then asked, “Will you keep a piece of the moon for yourself?”


“No, that’s not a prerogative we have available to us.”


What extra item would he take with him, if he could take along anything at all?


“More fuel.” Armstrong’s dry humor was another of his qualities that few journalists at the time captured.


Did he have any worries about the rocket?


“We’re quite sure this girl will go.”


Why, really, were they doing this?


“I think we’re going to the moon because it’s in the nature of the human being to face challenges. It’s by the nature of his deep inner soul. Yes, we’re required to do these things, just as salmon swim upstream.”


All throughout the press conference, all three men projected what they called “very high confidence levels,” as though confidence were a form of human propellant. But perhaps for astronauts, it is, and this posture of unmitigated ease—that flying a rocket is nothing special, that going to the Moon is just another job—is a stance historically common to NASA employees facing public scrutiny, an invocation of the agency’s shield of prodigious technical competence, along with its corollary: “There’s nothing to worry about—NASA’s in charge.”
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In fact, the number of concerns about this first voyage to another celestial body was as infinite as dark matter. The most striking unknown facing Apollo 11 was: What, exactly, was the Moon’s surface made of? Though a very few lunar probes had managed to touch down and return pictures and chemical composite details, it was still unclear whether or not the surface would support the weight of a grown man, much less two of them and their spaceship. Was the Moon covered in an immensely deep and light stratum of dust that would swallow up a craft and its passengers whole, as one particularly vocal selenologist (lunar scientist), Thomas Gold, claimed? Were its mountains and rilles as fragile as spun sugar, with a rocket landing certain to trigger landslides and devastation? While most NASA scientists did not subscribe to these exotic speculations, they weren’t 100 percent certain that such scenarios weren’t possible, either. Those who had to plan, design, and engineer Apollo simply had to move forward with their best hunches. Design engineer Caldwell Johnson: “Owen [Maynard] and I got together one morning and we said, ‘It’s got to be like Arizona! The moon has just got to be like Arizona! Can’t be nothin’ else. So let’s design a landing gear like it was.’”


Why did we know so little about the Moon before sending two men to land on it? Due to the terrible history of American lunar probes:


August 1961: NASA sends Ranger 3 to survey the Moon. It misses by 20,000 nautical miles.


November 1961: Ranger 4 lands on the Moon, but electrical failure ends the mission before any data can be returned.


Ranger 5: misses by 420 nautical miles.


Ranger 6: TV camera fails.


July 31, 1964: Ranger 7 crashes into the Sea of Clouds, but broadcasts back pictures for the entirety of its descent. Its images of boulders convince many that the surface would support a ship. Many others claim that they mean nothing of the sort.


May 30, 1966: Surveyor 1 lands successfully, producing a panorama landscape of a flat plain littered with craters and rocks.


August 10, 1966: Lunar Orbiter 1’s motion compensator anomaly leads to blurred, unusable pictures.


November 18, 1966: Orbiter 2, another success, relays detailed pictures of potential landing sites.


Surveyor 2: navigation system fails, and the satellite vanishes.


April 20, 1967: Surveyor 3 lands in the Ocean of Storms, but shuts down after a single night.


Surveyor 4: radio fails.


September 11, 1967: A mere two years before Apollo 11, Surveyor 5 touches down in the Sea of Tranquility and radios back that the soil is composed of calcium, aluminum, magnesium, silicon, and oxygen, which means basalt originating in lava flow, but unlike the Earth’s version, it contains high amounts of iron and titanium. A geologist would use these findings to predict accurately what Armstrong and Aldrin would find on the Moon, but his article wouldn’t be published until after they’d already come back home with their own samples.


If there was uncertainty about the lunar surface, there were even greater qualms about the voyage as a whole. If NASA had so much trouble getting a simple drone to touch down on the Moon, how were they ever going to send two men? Though Apollo 11 is commonly believed to have been a “perfect” mission, so many things in fact went wrong that Kennedy Space Center director Jay Honeycutt later admitted: “I’ll tell you, it would have been damn easy to abort that mission. Damn easy.” Perhaps the best insight into how NASA workers coped with the risks of exploring outer space was revealed by remarks Guenther Wendt made, a few days before John Glenn’s Mercury launch, to the astronaut’s nervous wife: “Annie, we cannot guarantee you safe return of John. This would be lying. Nobody can guarantee you this—there is too much machinery involved. The one thing I can guarantee you is that when the spacecraft leaves it is in the best possible condition for a launch. If anything should happen to the spacecraft, I would like to be able to come and tell you about the accident and look you straight in the eye and say, ‘We did the best we could.’ My conscience then is clear and there is where my guideline is.”


Saturn V’s overseer, Wernher von Braun, however, had a very different attitude toward the dangers of spaceflight: “Going to the moon is a picnic, a trifle, a party trick . . . fifty percent of the risk [to the astronauts] is that they’ll die in a car crash here on earth; they drive like madmen.” And when asked, “What is the purpose of going to the Moon?” he said: “What is the purpose of a newborn baby? We find out in time.”


Neil Armstrong agreed: “I always felt that the risks that we had in the space side of the program were probably less than we [had] back in flying at Edwards [Air Force Base] or the general flight-test community. The reason is that when we were out exploring the frontiers, we were out at the edges of the flight envelope all the time, testing limits. Our knowledge base was probably not as good as it was in the space program. We had less technical insurance, less minds looking, less backup programs, less other analysis going on.”
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The Apollo 11 crew had been allowed to spend the July Fourth weekend in Houston with their families. Then, after that fourteen-hour press day on the fifth, they were sequestered on the third floor of Kennedy’s Manned Spacecraft Operations Building in a windowless suite of rooms equipped with air purifiers and filters to block contaminants. The quarantine served two purposes. A flu, or even a minor head cold, could mean delaying launch for a month, which had happened on Apollo 9. After the flight, if Armstrong or Aldrin returned from space carrying a lunar virus or bacterium, NASA doctors could identify it by comparing their pre- and postflight bloodwork. With all the efforts expended on the quarantine, however, there were two severe lapses that compromised the entire process. The first was that the crew was in daily contact with NASA executives, various technicians, and secretaries erratically restricted by quarantine, a blurring of policy that would, in turn, lead to a political uproar. Director of medical research and operations Chuck Berry:


I got a phone call from an Associated Press reporter that was one of the guys that I knew that was following the space program all the time, was always at press conferences. He called and he said, “Chuck, I just got word that President Nixon is going to have dinner with the crew the night before launch in the crew quarters.” And he said, “What do you think about that?”


I said, “I don’t know anything about it.”


He said, “Well, how is that possible with your quarantine program?” . . .


So here I am in a very bad spot. I said, “Well, it doesn’t fit with the quarantine program.”


Well, I arrived at the Cape and there’s already newspaper headlines, “Dr. Berry Prevents President from Having Dinner,” and all hell broke loose. I guess that’s as close as I ever came to getting fired in my life. I had phone calls from everybody. It was embarrassing to the president because he had been led down a primrose path, and he was madder than hell. There isn’t any doubt about it, he was mad, because it didn’t look very smart.


I had been charged by NASA to say that we were indeed not going to bring back lunar plague. That was President Johnson’s decision after we had tried to convince them that we didn’t think any organism could survive in that environment, but the Academy of Sciences, in their wisdom, said, “Well, yeah, but you don’t have any data to prove that. You haven’t anything to really prove that at all.”


So we ended up developing a program using a plague model. If any of us were having any contact [with the Apollo 11 crew], we know everything about us. We’ve had samples continually. We’re sampling everything about us. If they came down with anything, whatever it was, a cough, a sniffle, or anything else, we were going to have to prove that it didn’t come from the Moon. So I think it would be pretty stupid to let somebody just walk into that situation. It would have been a total breakdown of the program.


On July 4, 1969, the CIA’s Corona orbiting spy satellite had returned a series of photos disclosing that the Soviets had brought an enormous rocket to the pad of their Baikonur Cosmodrome. Were they also preparing to go to the Moon? There was so little information on the Soviet program that nearly anyone in a position of authority at NASA or the Department of Defense still considered the Space and Missile Race an extremely close call. If the Soviets suddenly announced they had established a Moon base, after all, it would not have been any more surprising than many of their previous achievements, from Sputnik to Laika and Gagarin.


On one orbit, the Corona’s pictures revealed the giant N1 rocket and its spacecraft, the L3, on the pad being tanked with fuel. When the satellite returned in its orbit to take another series of pictures, however, the rocket had vanished, as had the launch pad’s lightning towers. Its turning tower gantry had been blown off its rail track and the crossbeams holding the rocket above its flame ducts were missing. Instead, there was a strange blur, and a scar upon the ground.


Later the Soviets would reveal that there had been an electrical short. When fuel in stage three had subsequently ignited, it blew apart the fuel lines of LOX, causing a fire that spread to consume the three thousand tons of propellant. The greatest fear of everyone who works with rockets came true again on July 4 at Baikonur: a never-ending cascade of fire, smoke, and explosion as a giant rocket collapsed upon itself and died.


Had Apollo 11 failed, it turned out, the Russians were planning to immediately use this rocket to send cosmonauts to the Moon.
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On July 10, NASA administrator Thomas Paine flew to the Cape to have dinner with the 11 crew. He knew that they were courageous, and that they felt they had something to prove on this mission—an attitude that worried Paine. The dinner, accordingly, was not the typical “We’re Counting on You, Boys” ceremony. Paine had something genuinely important to say to them: “If you get into trouble up there, do not hesitate to abort. Come on home. Don’t get killed. If you do have to abort, I promise this crew will be slipped ahead in the mission sequence. You’ll get another chance. Just don’t get killed.”







4
The Sons of Galileo


In point of grazing, plunging, oblique, or enfilading, or point-blank firing, the English, French, and Prussians have nothing to learn; but their cannon, howitzers, and mortars are mere pocket-pistols compared with the formidable engines of the American artillery. This fact need surprise no one. The Yankees, the first mechanics in the world, are engineers—just as the Italians are musicians and the Germans metaphysicians—by right of birth.


—Jules Verne, From the Earth to the Moon


The founding brotherhood of NASA’s astronaut corps was drawn exclusively from military pilots, a directive of President Eisenhower’s, since these men already had national security clearances—and, if it turned out that, in fact, no one wanted to be an astronaut, they could be drafted. “It was one of the best decisions he ever made,” manned spaceflight chief Robert Gilruth said. “It ruled out the matadors, mountain climbers, scuba divers, and race drivers and gave us stable guys.” (It also, unfortunately, ruled out a dozen outstanding female pilots who had been invited to apply, and who had already passed NASA’s physical tests.) Many agency engineers grew to appreciate military-trained fliers, since one thing they were trained in was how to be perfectly obedient. “I like fighter pilots,” said Mike Collins. “They’re in dependent, they say what they mean, they prove who they are by what they do. They have nice parties and they let their ids hang out. They’re good people.”


Many NASA fliers have gone out of their way to repudiate their Top Gun– Right Stuff–daredevil-cowboy reputation, and for good reason. Part of the distaste for journalists shared by almost every astronaut is the stereo type that they have fostered of pilots as being nothing but stick-and-rudder good-time Charlies. Though there is an element of truth in that characterization—Chuck Yeager did, after all, break the sound barrier while suffering chest pains from ribs broken in a horse back accident the day before his historic flight, while Pete Conrad lost his life in a motorcycle accident—the press seemed to willfully ignore the fact that the symbol for where that first sonic boom took place—NASA’s High Altitude Flight Test program at Edwards AFB, home to both Yeager’s X-1 and Armstrong’s X-15—was a slide rule floating above a blue horizon. What did both Neil Armstrong and Buzz Aldrin take with them on Apollo 11? Slide rules.


What most journalists at the time and, in turn, the general public also did not understand was that NASA did not just hire military pilots for its astronauts: they were military test pilots. “Fighter pilots can afford to be irresponsible and impetuous, and test pilots can’t,” Mike Collins said. “Test pilots have to be older, smarter, steadier or they’ll make a wrong judgment on an airplane and someone will kill himself later. The old thing about, you know, white scarf trailing, put her in a power dive and see if the wings come off—it’s not true. The test pilot has to be more of an engineer, studying charts and graphs for the airplane’s limits.”


Because these airmen commandeered craft that weren’t ready to be handled by ordinary fliers, they had a dramatically different attitude from civilians about the risks of space travel. During Mike Collins’s eleven weeks of advanced training at Nellis AFB, twenty-two students were killed. Nearly a quarter of noncombat navy pilots (and 56 percent of those who eject) die every year, while the generic occupation “pilot” is ranked as America’s second most dangerous job, after fisherman. As Charlie Duke pointed out, “You’re flying machines. And machines break.”


“When Deke was a test pilot, I was surrounded by widows,” Marjorie Slayton remembered. “Most of them spent their time comforting whoever was comforting them.” Yet, as one flier explained, “Being a test pilot is more dangerous than going up in the Mercury spacecraft or the Apollo spacecraft. They take infinite precautions with the spacecraft, not many with planes.”


To civilians witnessing the opening salvos of the Space and Missile Race, astronauts were living exemplars of American boldness and courage, as they were brave enough to ride what was essentially an enormous, untested bomb. John Glenn tried to explain the immense national euphoria at his matching the historic achievement of the Soviets by being the first American in orbit: “People are always fascinated by anything new, new work, new explorations, especially if one risks losing his life by them. Risk always rouses their imagination. And, for good or ill, space flights are risky. And then there’s the fact of having to face the mysterious, the unknown, of experiencing what no one has ever experienced.”


Neil Armstrong, however, had the opposite reaction: “For heaven’s sake, I loathe danger, especially if it’s useless; danger is the most irritating aspect of our job. How can a perfectly normal technological fact be turned into adventure? And why should steering a spacecraft be risking your life? It would be as illogical as risking your life when you use an electric mixer to make yourself a milkshake. There should be nothing dangerous about making a milkshake and there should be nothing dangerous about steering a spacecraft. Once you’ve granted this concept, you no longer think in terms of adventure, the urge to go up just for the sake of going up. . . .


“I don’t understand the ones who are so anxious to be the first. It’s all nonsense, kid stuff, just romanticism unworthy of our rational age. I rule out the possibility of agreeing to go up if I thought I might not come back, unless it were technically indispensable. I mean, testing a jet is dangerous but technically indispensable. Dying in space or on the Moon is not technically indispensable and consequently if I had to choose between death while testing a jet and death on the Moon, I’d choose death while testing a jet.”


At the start, NASA scoured 508 service records and invited 110 fliers to apply. This group was then subjected to physical and psychological testing (from such endurance tests as treadmill running and balloon blowing to “Write twenty answers to the question, Who am I?”) and winnowed down to select the first Mercury astronauts, such iconic figures in American culture at the time that they were globally known by their Life magazine honorific: the Original Seven. In 1962, nine more were admitted (“The New Nine,” per Life), followed in 1963 by an additional fourteen (“The Fourteen”). Average age, 38.6; height, five feet, ten inches; weight, 160. Nineteen brunettes, seven blonds, two redheads, and one black-haired; sixteen blue-eyed, eight brown, five green. Twenty-two were firstborn in their family, and five more were eldest sons; seven were left-handed.


While an agency female employee once said that she could describe them all with one word—Romeos—Pete Conrad saw a very different group: “All shy, [and] shy people are usually lonely people.” One physician at San Antonio’s Brooks AFB School of Aerospace Medicine echoed this assessment: “When NASA began looking for astronauts, we spent a long time discussing the psychological requisites necessary for an astronaut, and the result of our discussion was that we ought to look for them among the priests. . . . A young, healthy priest, qualified in engineering, in chemistry, in medicine, in geology, and able to pilot a plane competently.” Not all candidates were exactly priestlike, however; one astronaut bluntly offered, “Am I motivated? I surely wouldn’t let somebody stick something twelve centimeters up my ass if I weren’t.”


“Most of them fall into the top two percent of the population intellectually,” said a military psychiatrist who worked with the corps. “They’re aggressive, competitive people. They’ve got very good opinions of themselves, for one important reason; the good opinion is based on reality. Indeed, they can be rather pleasant to work with because they’ve less to prove than the next guy. Perhaps they’re not very imaginative; you don’t get poets up there. Well, you’ve only got to listen to them about the view, ‘Gee, it’s beautiful!’” Manned Spacecraft Center public affairs chief Paul Haney noted that, “With a few exceptions, they’re extremely disciplined people with an almost tunnel-vision ability to lock on to a problem and never let go. They become so disciplined they can almost dial up the emotional commodity that’s needed. If they’re going to a cocktail party, they’ll dial up to where it says, ‘We’re going to be light and gay.’ They might even muster up a slightly off-color story. They’re extraordinarily well-ordered people who don’t panic easily. On the other hand, they don’t react to much, either.”


After Project Mercury’s brilliant success, which had the effect of inspiring millions of Americans to want to be astronauts, NASA raised the bar: All candidates would aditionally now have to have degrees in engineering or science, even though most of what the agency would be undertaking was not yet taught in any school, and not much 1960s textbook aeronautical engineering was relevant in the airlessness of outer space. Instead of the recurring myth of a great and raging NASA battle between astronauts and engineers, during the Apollo era, astronauts were engineers, and engineers, pushing the program forward through a risky series of missions, had as much cowboy sensibility as as any flier. Though Tom Wolfe may have accurately captured something of the character of the men and women of Project Mercury, by the time of Apollo, The Right Stuff would be wrong.
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Few astronaut profiles in the 1960s discuss how intelligent these men really were, which is a mysterious oversight. Life magazine, in its exclusive coverage, insistently portrayed the agency’s fliers, their families, and everyone else at NASA as being just like the people next door . . . though they were only the people next door if you happened to live on the campus of MIT. Pete Conrad, for example, was typically viewed by the press as the wildest of cowboys, but he was a student at Princeton when Einstein was still a professor there, a coincidence that so thrilled him that he wept at the physicist’s death.


Apollo 11’s launch date of July 16 coincided with the anniversary of Trinity, the culmination of America’s greatest engineering effort before NASA, the $2 billion Manhattan Project, which led to the birth of the atomic bomb. This convergence underscores a little-researched line of American history. Before the 1990s’ Silicon Valley entrepreneurs with their Red Bulls, boxed pizza, and Cheetos, there were the short-sleeved-white-shirted denizens of Houston’s NASA with pocket protectors, Mexican takeout, evaporating hot-plate coffee, and ashtrays choked with smoldering cigarette butts, and before them were New York and New Mexico’s Manhattan Project brain trust of alpha engineers in their fedoras and soft, floppy jackets.


In so many ways, the race to the Moon would turn out to be a sequel to its predecessor’s race for atomic mastery. Both were enormous projects that only a great nation, on a federal level, could afford to attempt, and achieve. Both began with Third Reich émigrés, and a shared geography. Trinity and Alamogordo are a mere eighty miles from Apollo 11’s ancestral territory, the ramshackle sprinkling of federal shanties at Fort Bliss that housed the von Braun rocket team in the postwar years (and where Buzz Aldrin lost his virginity to a Mexican prostitute), which in turn is 120 miles from High Lone-some and Roswell, where American rocket pioneer Robert Goddard tested the thrust of the same superchilled fuels that would send Apollo 11 to the Moon. And, if the first lunar landing marked the end of the Space Race and one of the beginnings of the end of the Cold War, the Manhattan Project marked both the end of World War II and the Cold War’s birth—for it was then that the English and Americans did not tell the Russians of their wonder weapon until it was ready for Hiroshima and Nagasaki, and the Russians in turn repeatedly and successfully spied on their nominal allies. (Stalin’s agents were so good, in fact, that the Russian leader knew about the atomic bomb before Harry Truman did.)


Trinity’s witnesses responded just as those to Apollo 11 would, as J. Robert Oppenheimer remembered: “We knew the world would not be the same. A few people laughed, a few people cried, most people were silent.” Oppenheimer later said that he beheld his radiant, blooming cloud and thought of Hindu scripture: “Now I am become Death, the destroyer of worlds.” Aloud, however, the physicist made the ultimate engineer comment: “It worked.”


Like its cousin, the Pentagon, NASA is extraordinarily mythic for a federal agency, but for all the reverence accorded to it, there is not nearly enough popular acclaim for its engineering genius. Why is it so difficult to honor this greatness? It should be seen as part of a string of American accomplishments ranging from the inventions of Bell, Carver, Morse, and Edison, to the triumphs of the Erie Canal, the St. Lawrence Seaway, the Transcontinental Railroad, the Empire State Building, the Panama Canal, the Interstate Highway System, the Rural Electrification Administration and Tennessee Valley Authority, the Hoover Dam, telecommunications satellites, the Internet, and the Global Positioning System. Such dazzling achievements, whose dynamism is a key force in American identity, are today more often than not undervalued, taken for granted, or just ignored by civilians. It was engineers who created these foundations of modern life, and our civilization (especially the continent-wide, U.S. variety) could not exist without the big pipes, the vast roads, the power grids, the dams, and the people-and-cargo-carrying vehicles of heroic engineering and big science.
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Before modern times, engineering’s profound accomplishments were celebrated, and engineers lionized. Thomas Carlyle described the core of the profession as defining humanity itself: “Man is a Tool-using Animal . . . Nowhere do you find him without Tools; without Tools he is nothing, with Tools he is all.” After Galileo proved that the speed of a pendulum remains constant, his son Vincenzio created a clock based on a pendulum escapement (the part of a timepiece that creates a steady movement to translate time into clock hands)—the ultimate example of scientific theory transformed into engineering practice. This is not universally the case, however, as many engineers like to point out—the steam engine was devised and perfected first, primarily by engineer James Watt, and only later came Sadi Carnot’s theories of thermodynamics, based on it.


In the eighteenth century, the American founding fathers and others of their Enlightenment generation revered scientists and engineers, considering their work both an inquiry into the very stuff of the cosmos, and a contribution to the greater good of all humankind. During the second industrial revolution of 1850–1950 (when the American census began including “engineer” as an occupation), the public worshipped them as heroes for the stream of miracles they seemed to regularly unleash, from building blocks of steel, refined petroleum, aluminum, and plastic to the transforming power of trains, trolleys, buses, subways, cars, planes, and jets, alongside the release from drudgery by way of light bulbs, sewing machines, cameras, telephones, refrigerators, air conditioners, and washing and drying machines. The era was celebrated with global showcases of technology and invention, from London’s Crystal Palace of 1851 and France’s Universal Exposition in 1889 (and its signature building, the Eiffel Tower) to New York’s 1939 and 1964 World’s Fairs (and their signature Futuramae). As one of the forty million marveling at the eighty thousand exhibits of the 1900 Paris Exhibition, Henry Adams came to believe that, as the Virgin Mary had once inspired the great leap forward represented by Mont-Saint-Michel and Chartres, so technology would transform modern civilization. And so it has.


Perhaps, however, the great modern divide between engineers and civilians is not solely the undereducated and unappreciative public’s fault. At the same time that they produce what to the uninitiated is so magical as to be overwhelming, engineers commonly alienate civilians with their inability to explain their work in layman’s terms, their belief that, as humans are error-prone creatures, looking human is unattractive, and their obsession, to an antisocial level, with inanimate objects. “I knew I didn’t want to be any of the human skill-oriented people, because I didn’t think I did well with interactions with other people, and I tended toward things rather than people,” remembered Kennedy Space Center rocket engineer Bob Jones. “Psychology classes, where you had to sit and talk about yourself, drove me crazy; but a physics class, I loved.” Flight controller John Aaron summed up a key desire many engineers share: “Just by my nature, I can’t stand to be around anything that I don’t know how it works. I’m always intrigued by knowing how it works or why it works. I will tend to dig into anything until I understand it.”


The men who made NASA trace their first glimmers of interest in their craft to a fascination with planetariums and museums of science and industry, Erector sets and chemistry kits. (The International Space Station is essentially an Erector set lobbed by NASA’s engineers into low-earth orbit, forcing the agency’s press office to issue news releases extolling the wonders of the truss.) “We used to subscribe to Doc Savage, and that had some quite far-out scientific things,” remembered Marshall Flight Center’s Dan O’Neill. “He had chemists, engineers, and doctors, and they’d go out and solve all of these big problems.” Bob Jones: “We made gunpowder, you know, kids get into things. We put a ball bearing right through the grammar school cafeteria wall one time. It made a neat, one-inch hole.”


The holy grail for NASA designers has always been elegant simplicity, partly because minimalism satisfied the era’s engineering ethos, but primarily because a drive to simplicity reduces the number of elements and processes that can fail. “Any intelligent fool can make things bigger and more complex and more violent,” said Albert Einstein. “It takes a touch of genius and a lot of courage to move in the opposite direction.” And, if elegant simplicity was one lodestone, redundancy was the other. Performance aerodynamics/engineering and development director Maxime Faget: “If I am an engineer, I better damn well understand what reliability and what failure means, otherwise I am not an engineer. . . . We had redundant valves, quad-redundant valves, every-thing else. I basically said the best way to deal with risk management is in the basic conceptual design, get the damn risk out of it. And I think that is what made the program a success.”


Simplicity was also a hallmark of many NASA decisions. The three-man Apollo crew was assumed since in the navy, NASA’s closest relative, sailors work four hours on and eight hours off, requiring at minimum three men for a twenty-four-hour shift. The distinctively rounded bottoms of the Command and service Modules were the result of Hunstville’s shaving off stage three’s diameter by six inches and needing to make it fit—designer Faget had been content, aeronautically speaking, with a flat-butt cone for his spaceships. The thrusters’ fuel system has an emergency reserve tank because Apollo program manager Joe Shea had one in his Karmann Ghia.


NASA is a factory of miracles because it is a nation-state of brilliant tin-kerers, who outside their field are often derided as nerds. “After spending a lot of time with different subcultures that I intuitively knew were nerdy, I figured out what they all had in common: a love of rules, a love of hierarchies that were meritocratic and open to everybody, and in some cases the affectation of rationalism (whether computer programming or math),” American Nerd author Benjamin Nugent said. “What makes people insiders in high school is their ability to intuitively figure out how the hierarchies work. Some nerds can’t follow the hierarchies, don’t know how, and sometimes don’t even perceive them. Other nerds are unwilling to follow them. But in general most of the people we consider nerds are people who are oblivious to or incompetent at following the hierarchies.” There were other identifying characteristics, as Chris Kraft pointed out: “You could identify the houses of the NASA guys who personally kept their old, but well-maintained, cars and motorcycles humming along by the oil stains on their driveway. Smooth-running engines and the harmonic rhythm of the valve train were music to their ears.” The triumph of NASA, however, would beget a new American archetype, one that continues today in the persons of Steve Jobs and Sergey Brin—the nerd who is supercool.


Anyone who loves his cell phone, iPod, camera, laptop, automobile, or private plane appreciates the work of engineers, and anyone who has ever successfully fixed a beloved broken gadget has known directly the profession’s elemental pleasure. Even its centerpiece—formulae—can be compelling for civilians, under the right circumstances. The top speed that a commercial jet in distress can fly when it strikes an ocean wave to avoid disintegration? It can be reduced to a number. The strength of the metalwork that keeps a lion inside its cage? A computation. The step-by-step process that will begin the age of outer space transportation? The product of many, many formulae. Engineering designer Caldwell Johnson:


We had gotten to the place we had decided, at this day and time, one should have a numerical expression of the required reliability. I’ve since [thought] it was the worst thing we ever did, but it seemed like a good idea at the time. So the question came up, “What number should it be? Should 50 percent of the missions be successful and should nine or ten guys come back alive? Or should it be 999 of 1000 times? Or should it be a number of 10,000? Or what should it be?”


Since theoretically the cost of the development of the things are a function of this reliability requirement, if you can afford to lose half of them and half the men, you can build them a damn sight cheaper. On the other hand, in this country, you just don’t go around killing people—so we had to pick a number . . . and nobody wanted to pick the number, see.


So one day we walked down to see Dr. Gilruth and we said the time has come to bite the bullet. We have to write a number. He said, you know, certainly if you could make nine out of ten, economically that would seem it could pay off. . . . And, as far as safety was concerned, he didn’t know—he hated to even hazard a guess as to what was a reasonable number for that. He said probably 99 out of 100. Lose one man out of 100 out of a mission like that.


About that time, [Mercury operations director] Walt Williams came in. He said, “Oh, that’s ridiculous. If you put numbers that low—they’re good numbers—but if you put numbers that low, you won’t get anything. You ought to make it one in a million.” Well, they argued awhile and finally Walt won. So we ended up with a number [for] the crew safety [that] was three nines—999. I think mission success was two nines. And we wrote those numbers down, and they had a most profound effect on the cost of the program. If you took one decimal point off of that thing, in theory you could probably cut the program cost in half. . . . It’s the single most important number in the whole program, and it got picked in, I guess, a ten-minute discussion.


Perhaps there will always be a great divide between engineers unable to engagingly describe their work to nonspecialists, and citizens uneducated enough to be interested in the details of science and engineering. “We live in a society exquisitely dependent on science and technology, in which hardly anyone knows anything about science and technology,” as Carl Sagan once summed up our modern paradox. Even the least educated, however, would find themselves captivated, and on a global scale, by the Moon landing of Apollo 11. Neil Armstrong himself addressed this magic in a speech to the National Press Club on February 22, 2000:


I am, and ever will be, a white-socks, pocket-protector, nerdy engineer, born under the second law of thermodynamics, steeped in steam tables, in love with free-body diagrams, transformed by Laplace, and propelled by compressible flow. . . .


Science is about what is, and engineering is about what can be. The Greek letter eta, in lowercase, often shows up in engineering documents. Engineers pay a good bit of attention to improving eta because it is a symbol for efficiency—doing an equivalent or better job with less weight, less power, less time, less cost. The entire existence of engineers is dedicated to doing things better and more efficiently. . . .


The twentieth was a century often punctuated with the terror of war and darkened with societal struggles to overcome injustice. But it was also the first century in which technology enabled the tenets and the images of those traumas to reach across the world and touch people in ways that were previously unimagined. John Pierce, the engineer who fathered Telstar, the first satellite to relay television signals across the Atlantic, said that engineering helped create a world in which no injustice could be hidden. . . .


[Arthur C. Clarke’s] third law seems particularly apt today: Any sufficiently developed technology is indistinguishable from magic. Truly, it has been a magical century.







5
Mr. Cool Stone


Even those who knew full well the astronauts’ background in engineering and test flying often made denigrating generalizations about them as a group. One NASA staff member’s remark was typical: “Theirs is not to reason why.” In truth these men encompassed a broad range of personalities, from the wealthy, acidic, and testosterone-fueled Alan Shepard, to the more intellectual and socially awkward Buzz Aldrin, to the notably nondrinking, nonexercising, and fervently nonsocializing Neil Armstrong, and even to a few quirky charmers such as Michael Collins, who remembered of his Maryland boyhood: “During the summer, I’d catch crabs for bait to catch fish. Then I’d use the fish in a trap to catch crabs. It was a sort of endless chain of converting crabs to fish and fish back to crabs again.” When Mike asked his wife Pat for her hand, she told him he had to write a letter explaining his worthiness to her flinty Boston Roman Catholic lawyer/politician father, Joseph Finnegan. The letter was all of six sentences, and Finnegan immediately called his daughter: “Marry him. Marry him before he gets away.”
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