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From the Moon landing to the dawning of the 
atomic age, the decades prior to the 1970s 
were characterized by the routine invention of 
transformative technologies at breakneck speed. 
By comparison, ours is an age of stagnation— 
of slowing median wage growth, rising inequality, 
and decelerated scientific discovery. In Boom, 
Byrne Hobart and Tobias Huber take an inductive 
approach to this problem. They track some of 
the most significant breakthroughs of the past 
100 years—from the Manhattan Project and the 
Apollo program to Moore’s law and Bitcoin— 
and reverse-engineer how transformative 
progress arises from the same dynamics that 
govern financial bubbles, bringing together small 
groups with a unified vision, vast funding, and 
surprisingly poor accountability. Bubbles, they 
conclude, aren’t all bad—in fact, they create the 
ideal conditions for transformative innovation. 
Integrating insights from economics, philosophy, 
and history, Boom provides a blueprint for 
accelerating innovation and a path to unleash  
a new era of global prosperity.
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“�Between May 1961 and July 1969, over 400,000  
scientists, engineers, mathematicians, astronauts, 
managers, construction workers, and laborers—
supported by more than 20,000 industrial firms 
and several research universities—made it happen. 
Compelled by the exigencies of the Cold War, they 
coalesced around the gigantic problem of lunar 
exploration, producing a bubble driven by a collec-
tive obsession with a high-risk endeavor that has 
never been equaled.”



“�The goal was straightforward: to put a man on the 
Moon. But achieving it required going where no one 
had ever gone, solving problems that no one even 
knew existed. Undoubtedly, geopolitical competi-
tion and fears for national security motivated mem-
bers of Congress and a large swath of the wider 
public. But what guided the leaders of the Apollo 
program was the urge to do whatever it took to real-
ize an incredibly grand vision. As George Mueller, 
who headed NASA’s Office of Manned Space Flight 
during the Apollo program, put it in 1969, ‘Man 
needs frontiers.’”
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1	 In 1989, on the 20th anniversary of the Apollo 11 
lunar landing, President George H. W. Bush declared 
that America was going back to the Moon—“this 
time to stay”—and afterward to Mars. In 2006, the 
George W. Bush administration put forward a plan 
to return to the Moon called the Constellation Pro-
gram. The Trump administration authorized NASA’s 
Artemis Program with the goal of landing “the first 
woman and the next man on the Moon” by 2024. The 
Chinese Lunar Exploration Program has launched 
robotic Moon missions and plans a manned Moon 
landing by 2036. 

2	 When Facebook was growing, one of its infra-
structure goals was to always be able to support 10 

times the site’s then-current usage. There’s nothing 
special about the number 10, apart from the evolu-
tionary accident that we have 10 fingers, but this 
heuristic turned a vague goal (“Always be ready for 
growth”) into a highly specific one (“If we’re using 11 
percent of our capacity, we need to buy more servers 
now”). And for Apollo, it meant that instead of getting 
to the Moon “soon” or “as quickly as possible,” there 
was a date after which it would be too late. 

3	 Charles Fishman, One Giant Leap: The Impos-
sible Mission that Flew Us to the Moon (New York 
City: Simon & Schuster, 2020), 10.

In 1969, Neil Armstrong became the first human to set foot on the 
Moon. In 1972, two members of the Apollo 17 crew became the last. 
Despite many promises to return, 1 no one has been to the Moon  
in five decades. In fact, with the final space shuttle flight in 2011, the 
US is no longer capable of sending humans into space using its own 
spacecraft. 

What happened? Was the Apollo program just a historical 
anomaly? How did it succeed so spectacularly, and what can we 
learn from this hyper-ambitious effort—quite possibly the greatest 
national project ever completed? 

When President John F. Kennedy declared in May 1961 that “this 
nation should commit itself to achieving the goal, before this decade 
is out, of landing a man on the Moon,” no one knew how to do it. 2 
Rockets, launchpads, space suits, hardware, software, zero-gravity 
food—they didn’t exist, and there were no experts in these domains. 
As we’ve already seen with the Manhattan Project, arbitrary dead-
lines are a powerful way to turn an approximate but extreme ambi-
tion into a specific goal.

It wasn’t just that the space program lacked what was neces-
sary to get to the Moon—scientists weren’t even sure it was possible. 
Engineering for space travel has obvious complexities, like getting a 
vehicle to the appropriate speed without threatening the safety of the 
crew. But there were non-obvious limitations, too: The tolerance for 
error is roughly zero, and the equipment and environment available 
on departure define the exact limits of what will be available until 
return. The scientists even worried that, if we did make it there, we 
might find chemically reactive Moon dust that would explode upon 
touchdown. 3 Keep in mind that Kennedy made his announcement 
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4	 Peter Thiel and Blake Masters, Zero to One: 
Notes on Startups, or How to Build the Future (New 
York: Crown Business, 2014), 68.

5	 The Defense Department reacted to Sputnik 
by approving funding to start the Army’s Explorers 
satellite program, which had initially been rejected 
in favor of the US Navy’s Vanguard project (which 

intended to launch the first artificial satellite into 
low-Earth orbit using a Vanguard rocket). Explorers 
operated in parallel with Vanguard, which failed to 
launch several of its rockets. Before he became 
involved with the Saturn I project, which preceded 
Apollo, aerospace engineer and Apollo program 
architect Wernher von Braun and his team worked 
on the Explorers Program.

Apollo’s enemies, at home and abroad

Apollo was America’s signature Space Race project during the Cold 
War. In August 1949, the Soviets proved they could also build a func-
tioning nuclear weapon. The US responded by ramping up its bomb 
building and testing capabilities. From 1951 to 1958, it tested 188 
nuclear weapons, an average of 24 atom bombs per year.

The Soviets took a different approach. Rather than frantically 
show off their bombs, they developed a better way to deliver them. 
In 1957 they revealed the intercontinental ballistic missile (ICBM), 
a rocket that could be launched from Soviet territory and, traveling 
at 15,000 miles per hour, arrive at a target halfway around the globe 
in 15 minutes. That prompted the Americans to begin testing their 
first ICBM, Atlas. But the first Atlas test blew up, as did the next five. 

The US fell further behind in the technological competition 
between the two countries on October 4, 1957, when the Soviets 
announced that they had launched Sputnik I, the first man-made  
satellite ever to reach orbit. The 184-pound metal sphere obtained an 
altitude of 560 miles, circled Earth in around 96 minutes, and awed 
the world with its cold and repetitive mechanical beeping. In the US, 
NBC and CBS interrupted their programming to broadcast the omi-
nous tone. But it was Sputnik II, launched a month later, that struck 
real fear into the hearts of America’s technocratic elite. Its 1,121-
pound launch mass was close to that of the most recent generation 
of nuclear warheads. More than a research satellite, Sputnik II was a 
demonstration of military capability. Any major US city could now be 
targeted by Soviet nuclear warheads. 5 

This was, as many historians see it, Apollo’s origin story. With-
out the seemingly existential threat of a Communist power ruling 
space—the threat of a “red moon”—the Moon landing wouldn’t have 
happened, at least not at the speed it did. As with other bubbles we 
cover, the Apollo program was able to synthesize multiple goals: pure 
scientific curiosity, a novel engineering challenge, and a desire to 
demonstrate military superiority over an adversary. 

only four years after the first living creature was sent into space—
Laika, a stray dog found on the streets of Moscow. And it was only in 
1960 that the first living beings—this time two dogs, plus some mice, 
rats, and plants—were safely returned from space to Earth.

The success of Apollo speaks to what Peter Thiel has called 
“definite optimism,” or the belief that the future will be better than 
the present for specific, concrete reasons—as contrasted with “indef-
inite optimism,” the view that GDP will grow and standards of living 
will improve without the help of any specific change. From an indef-
inite optimist perspective, it’s hard to envision the steps necessary to 
achieve actual improvements. A definite vision of the future gives us 
a project to undertake in the here and now, which provides a road-
map for how we can create a better future, rather than simply waiting 
for its arrival and hoping for the best. An indefinite optimist makes 
no tangible plans: “He expects to profit from the future but sees no 
reason to design it concretely,” Thiel writes. 4 By contrast, a definite 
optimist is an architect of the future—it is the optimism of the 
startup founder rather than the index fund investor. 

The Manhattan Project succeeded because definite optimists 
were powered along by bubble dynamics. The same could be said of 
Apollo. Yet the Apollo program was even larger than the Manhattan 
Project, with a price tag about 12 times higher. Some of this was 
because of the natural scale of the project, and some was because it 
was, from the beginning, meant to be a public demonstration of 
American scientific and engineering prowess rather than a secretive 
one to be unveiled at an opportune time. Between May 1961 and July 
1969, over 400,000 scientists, engineers, mathematicians, astro-
nauts, managers, construction workers, and laborers—supported by 
more than 20,000 industrial firms and several research universi-
ties—made it happen. Compelled by the exigencies of the Cold War, 
they coalesced around the gigantic problem of lunar exploration, 
producing a bubble driven by a collective obsession with a high-risk 
endeavor that has never been equaled.
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July 20, 2019, https://www.newyorker.com/news/
news-desk/lyndon-johnsons-unsung-role-in-send-
ing-americans-to-the-moon. 

9	 Robert Dallek, “Johnson, Project Apollo, and 
the Politics of Space Program Planning,” in Space-
flight and the Myth of Presidential Leadership, eds. 
Roger D. Launius and Howard E. McCurdy (Cham-
paign, IL: University of Illinois Press, 1997), 73.

10	 Piers Bizony, The Man Who Ran the Moon: 
James Webb, JFK and the Secret History of Project 
Apollo (London: Icon Books, 2006), 35.

11	 Plato, The Republic. For an updated version 
and application of the Platonic idea of thymos in 
modern political theory, see Francis Fukuyama,  
The End of History and the Last Man (New York City: 
Simon and Schuster, 2006).

6	 Tom Lehrer’s 1965 live album That Was the 
Year That Was includes a song, “Wernher von 
Braun,” that opens with a monologue about spend-
ing “20 billion dollars of your money to put some 
clown on the Moon.” von Braun, the chief engineer 
behind the Saturn V rocket that carried the Apollo 
astronauts, is then taken to task in the song itself: 
“Once the rockets are up, who cares where they 
come down? / That’s not my department, says 

Wernher von Braun.” In the recording, the audience 
laughs appreciatively.

7	 “Space: The New Ocean,” Time, March 2, 
1962, https://time.com/archive/6872956/space-the-
new-ocean/.

8	 Jeff Shesol, “Lyndon Johnson’s Unsung Role in 
Sending Americans to the Moon,” The New Yorker, 

Johnson made a powerful appeal, evoking America’s “race for 
survival.” As he put it, “control of space means control of the world.” 8 
But he also emphasized the more prosaic gains to be made. The 
Moon mission was, he argued, “a solid investment, which will give 
ample returns in security, prestige, knowledge, and material bene-
fits.” 9 Amid the threat of nuclear missiles and the specter of commu-
nist Moon bases, the pitch worked: Kennedy and Johnson managed 
to convince the public and Congress. At a meeting of the Space 
Exploration Program Council in April 1961—one month before 
Kennedy’s “before this decade is out” speech—Johnson asked, “We’ve 
got a terribly important decision to make. Shall we put a man on the 
Moon?” 10 Everybody in the meeting agreed. The rest is history.

External and internal competitive pressures—whether from 
Soviets who wanted their side to win the Space Race or from skeptics 
who thought the money should be spent elsewhere—contributed to 
just how quickly the Moon landing was achieved. But competition 
is not the whole story. The Cold War did not end with the termina-
tion of the Apollo program, nor did scientific collaboration between 
the US and Russia start when the USSR collapsed in 1989. Even if 
the Cold War did, to a large extent, power the Space Race, there was 
something else that contributed to Apollo’s historically singular 
achievement: genuine passion.

To return to Plato’s model of the soul, mentioned in Chapter 1, 
what was required wasn’t just logos (reason) but also thymos 
(spirit). 11 Apollo was, for many, the peak of human accomplish-
ment—a triumphant symbol of the drive to conquer infinite fron-
tiers. It was a radical but concrete vision that inspired and reinforced 
the enthusiasm, commitment, and risk tolerance of all involved.  
The goal was straightforward: to put a man on the Moon. But achiev-
ing it required going where no one had ever gone, solving problems 
that no one even knew existed. Undoubtedly, geopolitical competi-
tion and fears for national security motivated members of Congress 

The program was named after the Greek god of, among other 
things, knowledge, prophecy, the sun, and archery. But it didn’t just 
share its name with Greek mythology. On a more fundamental level, 
the towering Saturn V rocket, which jolted the Apollo 11 crew to the 
Moon, can be compared to the perfectly sculpted marble statues  
of ancient Greece. These mythologically imbued sculptures, which 
the ancient Greeks sometimes melted down to make weapons, 
became a symbol of the dawn of Western civilization. Now, more 
than a century after its closure, Apollo became a reminder of its 
potential decline. 

Whether Apollo was necessary for US security or whether it was 
instead a monument to greatness or vanity is a matter of endless 
debate. Either way, it’s clear that the ideological competition, which 
took place on a cosmic scale and seemed to threaten capitalism’s 
very survival, was highly motivating both for Congress and for the 
American public. This motivation was necessary, as the Apollo pro-
gram generated fierce opposition from its inception. In July 1961, 
Congress authorized a space budget 60 percent larger than former 
President Eisenhower had requested in January. It was immediately 
followed by howls of dissent. The mathematician and philosopher 
Norbert Wiener, who founded the field of cybernetics, dismissed 
the project as a “moondoggle,” a phrase that quickly entered popu-
lar culture. In 1964, Columbia University sociologist Amitai Etzioni 
published a book with the catchphrase as its title. 6 Even President 
Kennedy was ambivalent about the massive financial commitment. 
On the one hand, he heralded the exploration of “the new ocean of 
outer space.” 7 On the other, he stated several times that desalinat-
ing the actual oceans promised greater returns to humanity than 
anything the space program could deliver. Vice President Lyndon 
Johnson was more committed to the idea of landing a man on the 
Moon, and Kennedy charged him with making the public case for a 
manned mission and its potential social payoffs. 
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chemist Jack Parsons, who founded both the Jet 
Propulsion Laboratory (JPL) and the Aerojet Engi-
neering Corporation, even became a leader in Aleis-
ter Crowley’s occultist new religious movement. JPL 
and Aerojet expelled him in 1944 due to the cult’s 
reputation and his hazardous workplace conduct. 
Tragically, the real “father of rocket science,” as von 

Braun called him, blew himself up experimenting 
with explosives in 1952. 

12	 Arthur L. Slotkin, Doing the Impossible: George 
E. Mueller and the Management of NASA’s Human 
Spaceflight Program (New York: Springer Science & 
Business Media, 2012), 255.

13	 Ralph Blumenthal, “German-Born NASA Expert 
Quits U.S. to Avoid a War Crime Suit,” The New York 

Times, October 18, 1984, https://www.nytimes.
com/1984/10/18/world/german-born-nasa-expert-
quits-us-to-avoid-a-war-crimes-suit.html. 

14	 In addition to building rockets, a few of the  
early rocket scientists also experimented on nights 
and weekends in other ways. Rocket engineer and 

whom not only did research during the workday but built their own 
hobbyist contraptions on nights and weekends. 14

Neil Armstrong would later cite the commitment and enthusi-
asm of Apollo’s developers as the source of the program’s success. 
Their optimism also played a key role. They weren’t just driven—
they truly believed that with enough hard work and ingenuity, fail-
ure was impossible. Like the Manhattan Project, the Apollo program 
succeeded in large part because of the visionary determination of 
what Peter Thiel has called “extreme founder figures”—people like  
von Braun, NASA’s George Mueller, and President Johnson—all of 
whom demonstrated a relentless drive that bordered on the kind  
of craziness observed during stock market manias. 

The Apollo bubble

In retrospect, the ambition and scale of Apollo seems almost delu-
sional. How could anyone believe that we’d land on the Moon and 
immediately start colonizing the solar system? It was akin to believing 
that tulips, real estate, and cryptocurrencies could only go up in value. 
But Apollo was also a bubble in another sense. Its growth followed 
bubble-like dynamics, leading researchers to describe it as a social 
bubble—a bubble that unfolded outside financial markets, inflated 
not by speculators but by technocrats and politicians. 

During a financial bubble, the composition of the market 
affects how prices are set. Eventually, the only people trading are 
true believers (who buy) and increasingly lonely cynics (who bet 
against). Social bubbles go through the same process. As the Apollo 
program grew ever more complicated, it became that much harder 
for anyone but the true believers—the project’s managers—to have 
an informed opinion. Policymakers made the appropriations, but 
in doing so, they deferred to the true believers, or the expert engi-
neers and physicists who saw Apollo as a once-in-a-lifetime chance 
to achieve their dreams and therefore were motivated to spend as 
much as possible.

and a large swath of the wider public. But what guided the leaders of 
the Apollo program was the urge to do whatever it took to realize an 
incredibly grand vision. As George Mueller, who headed NASA’s 
Office of Manned Space Flight during the Apollo program, put it in 
1969, “Man needs frontiers.” 12

Apollo and thymos

One man who embodied this spirit of relentless pursuit, who pos-
sessed both vision and a determination to make it a reality, was 
Wernher von Braun. Growing up in Berlin, von Braun was obsessed 
with space exploration and science fiction. As a teenager he joined 
the Verein für Raumschiffahrt, a rocketry society. He joined the 
German army in 1932 and began developing the V2 ballistic missiles 
that would be used by the Nazis during World War II. 

Von Braun’s talent as a rocket designer was well known. As the 
war drew to a close, the US wanted to ensure that he, his team, and 
other German scientists did not fall into the hands of Soviet troops. 
US Army intelligence launched Operation Paperclip, which, over 
the course of 15 years, brought some 1,600 German scientists and 
engineers to America. For his part, von Braun strongly preferred 
the Americans to the Soviets, and arranged his surrender accord-
ingly. (Years later, the moral complexity of Operation Paperclip 
would come into sharp relief when respected NASA scientist Arthur 
Rudolph resigned from the agency, renounced his US citizenship, 
and left the country after it emerged that he had used slave labor to 
produce V2 rockets. 13)

By the time Kennedy announced the plan to go to the Moon, 
von Braun had been waiting for such an opportunity for three 
decades and was ready to pounce. This is one of the hidden bene-
fits of projects marked by extreme ambition: They attract the most 
dedicated, focused people. The early days of NASA benefited from a 
similar level of focused ambition. In the late 1950s, NASA’s Langley 
Research Center was a collection of oddball rocket fanatics, many of 
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17	 Monika Gisler and Didier Sornette, “Exuberant 
Innovations: The Apollo Program,” Society 46, no. 1 
(2009): 55–68.

18	 Harrison Schmitt, “Risk and Reward in Apollo,” 
in Risk and Exploration: Earth, Sea, and the Stars, 
edited by Steven J. Dick, Keith L. Cowing, NASA 
Administrator’s Symposium, September 26–29, 
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16	 John M. Logsdon, “Project Apollo: Americans 
to the Moon,” in Exploring the Unknown: Selected 
Documents in the History of the US Civil Space 

Program, Volume VII: Human Spaceflight: Projects 
Mercury, Gemini, and Apollo, ed. John M. Logsdon 
(Washington, DC: National Aeronautics and Space 
Administration, 2001), 413. See also Charles Murray 
and Catherine Bly Cox, Apollo, the Race to the Moon 
(New York: Simon & Schuster, 1989).

the program’s total cost, which was far higher than predicted at the 
outset. But they were wrong about the timeline. 

Public confidence turned around in 1964, thanks to Johnson’s 
relentless pro-Apollo campaign after he assumed the presidency in 
the wake of Kennedy’s assassination. A poll published that year indi-
cated that 69 percent of the public was favorably disposed to landing 
an American on the Moon, with 78 percent saying the Apollo program 
should maintain, or even speed up, its pace. From then on, public 
support decreased steadily, only to spike again in mid-1969, when an 
estimated 600 million people—one-fifth of the world’s population—
watched or listened to the Moon landing as it was happening. 

The inflation and collapse of the Apollo bubble is perhaps 
best represented through its funding. In 1963, Congress allotted 
the program $620 million. A year later, the figure was $2.27 billion. 
Thereafter, funding continued to increase but at a much slower 
pace, rising to $2.61 billion in 1965 and $2.97 billion in 1966. 17 In 
1967, in the wake of the Apollo 1 incident that killed three astro-
nauts and in response to America’s increasing commitment to the 
war in Vietnam, NASA’s budget began to decline. Not even the suc-
cessful Moon landing was able to reverse this trend. Three years 
after the Moon landing, the Apollo program ended abruptly. The 
bubble had burst.

As is often the case with bubbles, Apollo’s supporters invested 
so much into the project that they were no longer able to concede 
the possibility that they’d made a mistake. Thus, while NASA took a 
20-month break from crewed space flights in the wake of the Apollo 
1 disaster, it did not quit. With billions of dollars spent, three deaths, 
and still no Moon landing, a reasonable person would have been con-
vinced that the entire program was folly. But for the program work-
ers and astronauts, giving up would mean that those astronauts 
died in vain. It’s no wonder Gene Kranz, an Apollo 13 flight director, 
called “irrational exuberance” a prerequisite to space exploration. 18 
Speaking in 2004, he used the same phrase then-Federal Reserve 

Like a purely speculative financial bubble, a social bubble 
goes through a phase of over-investment driven by inflated expec-
tations about the future. Ex ante, the resources and effort invested 
in putting a man on the Moon couldn’t be rationally justified by  
a scientific or economic cost-benefit analysis. Ultimately, the Apollo 
program killed three people and swallowed more than $24 bil-
lion. But Apollo did make good on its high expectations. Whereas 
the belief that “this time is different” has cost many investors their 
shirts—not for nothing is that phrase known as the four most dan-
gerous words in investing—the future that followed Apollo did,  
in fact, turn out to be radically different from what came before. 
This time really was different.

Support for Apollo traced the oscillating trajectory of a financial 
bubble—i.e., the hype cycle. Many unorthodox ideas are victimized 
and buoyed by hype cycles. An initial breakthrough triggers hype to 
a peak of inflated expectations, which subsequently collide with real-
ity. In the case of Apollo, the hype cycle was defined by fluctuating 
public and political support. Initially, public support was essentially 
undivided thanks to Cold War fears and compelling arguments by 
President Johnson and NASA director James Webb, who persuaded 
lawmakers and citizens that a space program would generate both 
economic and scientific progress. By 1963, however, many people 
had started to resent the opportunity costs of the projects. In July 
of that year, The New York Times took stock of negative public sen-
timent and declared the lunar program “in crisis.” 15 It didn’t help 
that during the same period Mueller commissioned John Disher and 
Del Tischler, two veteran NASA engineers who weren’t involved with 
Apollo, to assess the program. Their study concluded that a “lunar 
landing cannot likely be attained within the decade with acceptable 
risk” and that “program cost through initial lunar landing attempt 
will approximate 24 billion dollars.” 16 The report also stated the odds 
of reaching the Moon by the end of the decade were only about 1 in 
10. In fact, Disher and Tischler were right about the money, nailing 
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competition, and irrational exuberance, the lunar mission suc-
ceeded because of its idiosyncratic culture and radically new organi-
zational structure. As one NASA researcher notes, the “common 
goal” and “sense of purpose” underlying Apollo “prevented the 
development of bureaucratic sclerosis.” 21 Apollo’s management 
structure was decentralized, flexible, and often informal, which 
enabled scientific and technical risk-taking, rapid cycles of testing 
and feedback, and a relentless focus on problem-solving. 22 

Early on, Webb and Mueller realized that a project as ambi-
tious as Apollo could not succeed unless scientists and engineers 
were given space to think creatively. Some amount of hierarchical 
organization was necessary for setting goals and keeping plans  
on track, but decentralized technological research and development 
would catalyze scientific creativity, lateral thinking, and bottom- 
up initiatives. Under Webb and Mueller’s leadership, NASA’s geo-
graphically dispersed program offices and centers—such as the 
Manned Spacecraft Center in Houston (now Johnson Space Center), 
the Launch Operations Center on Merritt Island, Florida (renamed 
Kennedy Space Center in 1963), and the Marshall Space Flight 
Center in Huntsville, Alabama—had a high degree of autonomy and, 
in some cases, relatively flat hierarchies.

NASA developed, implemented, and perfected an approach 
known as systems management. Originating in the air defense and 
ballistic missile programs of the 1950s, the strategy focuses on the 
system itself—its boundaries, interactions between subunits, and 
optimal performance—rather than on sequential processes or the 
work of subunits. Leaders with systemic vision avoid microman-
aging and are better able to accelerate a team’s overall progress. 
Apollo’s leaders viewed the program as a multi-layered, complex sys-
tem, composed of myriad interacting parts and parallel processes 
concerned with everything from integrated circuits to the chemis-
try of Moon dust. Their job was not to know every detail about how 

chair Alan Greenspan had deployed when describing the dot-com 
bubble. The greatest risk of manned space missions is, as one for-
mer NASA astronaut put it, “not death” but “not to explore at all.” 19 
Worse still is the idea that one might miss out on being the first to 
reach the next frontier—FOMO on a cosmic level. 20

In sum, Apollo was a reality-distortion field that heavily skewed 
perception of the program’s risks and rewards. As a consequence 
of this bubble-like dynamic, society’s risk tolerance increased sub-
stantially, enabling unprecedented financial and technical risk-
taking. The extreme willingness to take risks, constantly reinforced 
by unrealistic levels of optimism, may not sound rational, but it put 
a man on the Moon. The specific and concrete vision of the future 
that Kennedy announced and others realized would not have come 
to fruition without extreme commitment and relentless determina-
tion, ridiculous as these commitments sounded at the time. 

Studying Apollo’s history, it becomes clear that, both then and 
now, the massive mobilization of capital and talent on behalf of a 
heroic mission can’t be rationalized by a standard risk-benefit anal-
ysis, regardless of whether the value is understood in technological, 
economic, scientific, or geopolitical terms. Above all, Apollo illus-
trates that it’s never a good idea to bet against human ingenuity, 
even if this innate drive occasionally ends in failures, crashes, and 
catastrophes. After all, it is this persistent thymotic force, which 
enjoins us to forever extend the limits of what’s possible, that 
enabled humanity to shatter the celestial spheres. It is on this same 
force that all progress depends.

Apollo’s secret: Culture and management

Breaking the bonds of Earth demanded excessive human ingenuity. 
But a bold vision and the willingness to take massive risks weren’t 
enough on their own. In addition to money, talent, geopolitical 
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running slightly behind schedule caught up in time. While bubbles 
parallelize innovation by convincing participants that every interme-
diate stage will be put to use in the near future, they also require 
it—if any module, component, piece of equipment, or rocket engine 
wasn’t ready by the deadline, the entire project would fail.

These models enabled vertical and horizontal flows of informa-
tion within and between teams. If one group missed a technical error 
or some other issue, it would be detected by groups below or above in 
the hierarchy. Program managers might insert themselves into engi-
neering teams to understand what was happening one level down, 
while technicians and engineers provided frequent feedback to man-
agement and decision-makers. For example, Apollo 13 flight direc-
tor Gene Kranz actively sought information from all levels of NASA.  
In part, he was looking for signs of problems. In contrast to NASA’s 
later mantra—“In God we trust. All others must bring data”—Kranz 
tried to systematically incorporate the gut feelings and hunches of 
his colleagues into the decision-making process. When two or more 
technicians or engineers, no matter their position in the hierarchy, 
shared a concern, he stopped everything to collect and analyze data 
that would either isolate the problem or rule it out. Sometimes, these 
qualitative inputs were enough to override a rigorous protocol.

In other words, during the Apollo years, NASA wasn’t over-
engineered for consistency and over-optimized for conformity. Not 
only did this enable orthogonal thinking and rapid iterative testing 
of new methods and materials, but, in the case of Apollo 13, it also 
allowed Mission Control and flight directors to find highly creative 
engineering solutions for averting a disaster in space. By contrast, 
when the Challenger exploded in 1986, NASA was heavily reliant on 
data communication and visualization protocols, hierarchy, and a cul-
ture of conformity, all of which were implicated in the accident. 24 

Lunar-orbit rendezvous (LOR) was another Apollo mission 
idea that probably would have been killed by a top-down bureau-
cratic hierarchy averse to multidisciplinary and unconventional 
thinking. The brainchild of the brilliant and extremely persistent 
Langley Research Center engineer John Houbolt, the idea behind 

the integrated circuit project was progressing but whether the work 
was ultimately furthering the goal of putting a man on the Moon.  
As Webb characterized it, “The process of management became that 
of fusing at many levels a large number of forces, some countervail-
ing, into a cohesive but essentially unstable whole, and keeping it in 
the desired direction.” 23

To the extent that NASA had top-down hierarchies, these col-
lided productively with an individualistic and informal culture. 
Managers would establish goals and timelines, but it was up to sci-
entists and engineers, some of them highly eccentric, to figure out 
how, exactly, those goals might be achieved. 

Of course, decentralization isn’t inherently a good thing. It 
only works when valuable local knowledge—tacit knowledge—can 
be profitably harnessed by large groups and organizations. In other 
words, what’s needed is a mechanism, like prices in a free-market 
system, that aggregates knowledge to make it globally accessible. In 
the case of Apollo, handwritten notes functioned as information-
aggregation mechanisms. In von Braun’s system of “Monday notes,” 
engineers and technicians were required to identify the most salient 
issues and submit a single-page note. After leaving comments in 
the margins, von Braun would circulate the entire annotated collec-
tion of notes within the organization. Through this informal system, 
everyone was able to tap into the organization’s collective knowledge 
and contribute solutions to each other’s problems. There was one 
level of centralization, with von Braun serving as the hub for infor-
mation, but his role was really to highlight problems in a way that 
facilitated decentralized solutions. 

Another organizational method NASA adopted was at once sim-
ple and punishingly difficult. In April 1970, when Apollo 13 was head-
ing for the Moon, Joseph Shea, program manager for the command 
module and lunar module, required his direct reports to assemble a 
summary of everything they had accomplished and every outstand-
ing decision that needed his input. These handwritten notes, which 
ran to hundreds of pages long, were delivered weekly. Shea used this 
system to stay continuously updated and to ensure that anything 
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culture was able to turn unorthodox ideas into reality. Houbolt,  
a mid-level engineer, wrote countless letters on the subject, which he 
was able to submit to the very top of the command chain. Notably, 
he was able to route around NASA’s hierarchies and disseminate his 
vision across its various facilities. Apollo’s informal and relatively 
decentralized decision-making process brought together the Space 
Task Group, von Braun’s team at the Marshall Space Flight Center, 
and administrator James Webb. Each of these nodes in the organi-
zation became versed in LOR so that a once-unconventional idea 
quickly became the new orthodoxy.

Yet there is a downside to the LOR story that speaks to NASA’s 
post-Apollo descent into bureaucratic irrelevance. The adoption of 
LOR came at the expense of an alternative possibility with far greater 
potential: Earth-orbit rendezvous. This approach was von Braun’s 
preference and underpinned his master plan for interstellar travel. 
LOR was more efficient for the lunar mission specifically, but the 
Earth-orbit equivalent placed no constraints on where a rocket could 
travel. In other words, in service of a successful Moon landing and 
a few uninspiring follow-up trips, we abandoned the best path to 
Mars and further interstellar missions. While we can’t give a defin-
itive answer, the unnerving question remains: Was NASA the victim 
of Apollo’s success?

The definite optimism of “all-up” testing

The Apollo program epitomizes the successful solution to a large-
scale and highly complex coordination or collective action prob-
lem. No single innovation made the lunar landing possible. Instead, 
Apollo’s breakthrough resulted from coordinating components and 
processes in the right way. Integrated circuits, the design and manu-
facturing of the Saturn V rockets, the management of almost 400,000 
people and 20,000 contractors and research labs—all of this had 
to come together under the aegis of a specific and unifying vision  
so that three astronauts could go to the Moon and return home. 

One of Apollo’s key coordination mechanisms was “all-up” 
testing. The brainchild of George Mueller, some of his colleagues 
described the idea as “impossible,” “risky,” and “reckless.” It was 

LOR was that the lunar lander would decouple from the main space-
craft, which would remain in lunar orbit, to independently descend 
to the surface of the Moon. LOR’s main benefit was that it consid-
erably reduced the weight of the rocket’s payload. If a single vessel 
had been used to carry astronauts from Earth directly to the Moon,  
all the fuel required to bring the astronauts home would have also 
had to land on the Moon and be launched back into space. While the 
Moon’s gravity is low compared to Earth’s, it is not trivial. Carrying 
that fuel back into space would have involved even more fuel and 
thus a larger payload. Every increase in payload weight has a mul-
tiplicative effect because it necessitates bigger tanks or more cargo 
space, which then requires heavier thrusters to move all that weight, 
as well as more fuel to power the thrusters—and each of these addi-
tions means more materials, more potential edge cases, and more 
unique failure modes. This makes the entire system extremely sen-
sitive to incremental changes in weight. 

LOR significantly cut the payload burden, enabling engineers to 
slim down other systems while also reducing the complexity of the 
overall craft, since it no longer needed to land on the Moon’s sur-
face. Instead, that could be left to a single module. LOR’s main draw-
back, however, was it required not just arranging a launch from the 
Moon but also a rendezvous with another craft in orbit. 

Notably, Houbolt was not the first to propose the idea. 
Ukrainian-Soviet engineer Yuri Kondratyuk did so back in 1919, 
but it wasn’t implemented. Then, in 1958, very early in the space 
program, an engineer at Vought Aerospace ran the numbers. After 
Sputnik, it seemed clear that eventually a Moon landing would be 
desirable, and that LOR could be an option for reaching the Moon 
efficiently. Given the complex timing, math, and mechanics of LOR, 
Houbolt had to work hard to convince program managers and engi-
neers of its merits. Ultimately, his monomaniacal commitment to 
the idea convinced not only high-ranking NASA bureaucrats but 
also fellow engineers like von Braun, who previously had been vehe-
mently opposed. When the plan was finally approved, the contract 
for the lunar lander went to none other than Chance-Vought, the suc-
cessor to Vought Aerospace, which had earlier explored the idea.

LOR provides a powerful example of how NASA’s idiosyncratic 
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detonate explosives in the combustion chamber without destabiliz-
ing the engine. After that, the entire rocket configuration was tested 
as a unit.

All-up testing was nonetheless a gamble. If a test went awry,  
a huge amount of work and investment might be lost. But it was a 
gamble Mueller and others at NASA felt was worth taking in order to 
reach their goal on deadline. In exchange for increased risk, the all-up 
process overcame a painful limitation of complex engineering: Not 
only does every component need to be reliable, but every configura-
tion of the components needs to be too. The addition or subtraction 
of any one feature required others to be rearranged, which could ren-
der previous tests meaningless. Testing every craft as if it was the final 
craft was the only way to comprehensively test the individual compo-
nents, their assembly, and the work of the engineers, designers, and 
flight operators. Each test was a test of the real thing, not a prototype. 

The protocol worked marvelously. By the end of its testing regi-
men, NASA’s engineers had identified no fewer than 14,000 anoma-
lies and had explanations and fixes for all but 22 of them. 26

All-up testing was a pragmatic way to deal with trade-offs 
between running simple tests of subcomponents and running more 
elaborate ones covering the entire project. It was also a statement 
about the nature of the task. Most of the time, we think of failure as 
a fact of life, while success is the result of an elaborate coin toss. You 
take a sequence of actions, all of which have some probability of 
working, and multiplying these odds together yields the probability 
of success. The Apollo approach was different. Implicitly, project par-
ticipants treated a Moon landing as a given based on available and 
developing technology. It was a clear example of definite optimism—
everything depended on a clear and actionable plan. All-up testing 
implied a world where the probabilities of failure were correlated, so 
testing everything at once found hidden interactions. In that model, 
any failure is a mistake, not a random outcome. 

The Space Race and Moore’s law

From the very beginning of spaceflight programs, there was an 
intense debate among NASA administrators, policymakers, scientists, 

indeed risky, and as such exemplifies the high risk tolerance of the 
Apollo program. But it wasn’t impossible. In fact, it was necessary. 
After acquainting himself with the test schedule developed by his 
predecessor, Mueller insisted on a new course. All-up testing was 
“the only way I can get to the Moon in this decade,” he said. 25

All-up testing replaced a more conservative, incremental 
approach typical of rocket design. Instead of testing individual com-
ponents, each test aimed to involve the whole system, or the closest 
thing that could be deployed. Under a traditional testing regime of 
a multistage rocket like the Saturn V, the first test would involve a 
single live stage with additional dummy stages attached. If the first 
test succeeded, a second stage would be added, and so on. Every test 
would see the addition of new components, with only the final test 
incorporating every element of the complete system. But rockets 
are complex systems, and the science of designing and construct-
ing them was being codified on the fly. Each additional component 
would introduce new complexities—more weight, more moving 
parts, more potential wobbles and collisions—rendering the results 
of previous component-level tests moot.

Under the all-up system, every flight test would occur with the 
system as complete as possible. That way, all of the rocket stages, 
along with the other components of the final Apollo vehicle, would 
be included. Such an approach did not, of course, dispense with 
incrementalism—10 Apollo missions were flown before astronauts 
stood on the Moon. (Since the goal was a Moon landing, these flights 
can be viewed as elaborate dress rehearsals done in the spirit of 
all-up testing.) But each all-up test was more representative of a final 
working system than a traditional test and therefore revealed more 
clearly whether the whole vehicle functioned and where its remain-
ing problems were. It also forced engineers to think holistically—
they weren’t just solving the problem of how to design a single flange 
or nozzle but contributing to a system that would reach the Moon. 

Of course, this isn’t to say the first tests of Saturn V’s F-1 engines 
were live flight tests. Before flying, individual components were 
rigorously stress-tested to ensure they were reliable on their own. 
Much was learned this way. Early on, the F-1s were sometimes unsta-
ble, but by the end of the testing process engineers could literally 
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sions, which included lunar-orbital space stations, 
Mars surface bases, and nuclear-powered Earth–
Moon shuttles. The plan, which had the public sup-
port of the vice president and which von Braun 
presented to the US Senate, stated that ships for 
Mars would launch on November 12, 1981. While  

setting an ultra-ambitious deadline worked for  
Apollo, von Braun was skeptical that the US Senate 
would support it this time. A few decades later, Elon 
Musk became known for implementing a similar 
culture of almost-impossible deadlines for Mars 
colonization at SpaceX. 
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chapter, it became a self-fulfilling prophecy that resulted in the expo-
nential acceleration of computational power, which brought us the 
iPhone and Instagram—which are, ironically, distracting large seg-
ments of the teenage population from aerospace engineering. 
Eventually, as some fear and others hope, the super-exponential 
growth in compute could result in the Singularity, or the moment 
when machines transcend human intelligence. 28 If the Singularity 
does arrive, it will be traceable back to the Eagle, the lunar landing 
module’s onboard computer.

In the mid-1960s, the only demand for integrated circuits 
that Moore identified in his paper was “Apollo, for manned Moon 
flight.” 29 By 1969, however, the year Neil Armstrong and Buzz Aldrin 
walked on the lunar surface, the market for computer chips was 80 
times larger than it had been in 1962. 

Would integrated circuits have happened without Apollo? Most 
likely, given enough time, another use case might have prompted 
their discovery and broad-scale usage. But Apollo massively accel-
erated their development and diffusion. Moreover, Apollo set the 
pace for chip improvement, which kickstarted a recursive process: 
Because software was designed for higher-performance comput-
ers, chip manufacturers made better chips to meet that demand for 
computation, which encouraged the next generation of chip man-
ufacturers to build still-faster chips, and so on. The Apollo guid-
ance computer possessed a 1 MHz processor; a typical smartwatch 
today possesses more than 1,000 times that processing power.  
In other words, Apollo spawned Moore’s law, which launched the 
computer age. It’s entirely possible that absent this, transistors would 
have remained a small-scale curiosity, interesting for a few use cases 
but, due to the lack of large-scale manufacturing, far too expensive to 
replace vacuum tubes in most real-world applications. We didn’t get 
Mars colonies, but at least we can stream The Martian on an iPhone. 30 

Asked about the purpose of a manned Mars mission, von Braun 
once remarked that the question of “what we are going to do. . . once 
we get there” was a “weak point.” 31 But such questions are missing 

and taxpayers about whether the massive investment was worth it.  
In response, NASA has emphasized an endless list of technological 
innovations its research helped facilitate, from CAT scans and MRIs 
to communications satellites and freeze-dried food. But Apollo’s 
most transformative technological contribution was the integrated 
circuit. For the Apollo mission, NASA bought massive amounts of 
integrated circuits, which were used in the board computers of the 
Apollo command module and the Apollo lunar module. Indeed, 
NASA needed so many integrated circuits that, by the end of 1963, 
NASA purchased 60 percent of all integrated circuits manufactured  
in the US. 27

It would be fair to say the Apollo program created the semi
conductor industry by driving down the price of chips. When MIT’s 
Instrumentation Lab, which oversaw the development of Apollo’s 
navigation and guidance system, bought its first integrated circuit 
samples, the bleeding-edge technology cost around $1,000 per unit 
(around $10,000 in 2022 dollars). However, MIT’s bulk purchase  
of integrated circuits for the Apollo program caused prices to drop 
significantly. By 1962, costs had fallen to $100 per microchip. A year 
later, MIT could order 3,000 integrated circuits from Fairchild 
Semiconductor for $15 per chip. 

Thanks to the space program, the cost of integrated circuits fell 
to $1.58 per chip by 1965. It’s therefore not surprising that Moore’s 
law was born during the Apollo period. In a 1965 paper titled 
“Cramming More Components Onto Integrated Circuits,” Gordon E. 
Moore—who was at the time a director of research and development 
at Fairchild Semiconductor and later cofounded Intel—predicted 
that the number of transistors on an integrated circuit would dou-
ble every year until it reached an astonishing 65,000 components by 
1975. Moore’s prediction turned out to be correct, at which point he 
made a new prediction: Henceforward, the number of transistors on 
integrated circuits would double every two years.

Moore’s law has radically reshaped the trajectory of technolog-
ical progress over the past half-century. As we will show in the next 
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In the late 1960s, visionaries like von Braun predicted that 
Apollo would promptly usher in reusable spacecrafts, lunar colonies, 
manned missions to Mars, and space-based industries. 34 Today, 
Apollo has become an icon of nostalgic futurism—an artifact of a 
past in which the future was expected to be radically different from 
the present. If we want to understand and recover the symbolic 
meaning of Apollo, and the Promethean ethos that underlies it, we 
shouldn’t focus on its minor material spillovers, like the populariza-
tion of Teflon, Tang, and Velcro. 35 Instead, we need to compare the 
Saturn V rocket, which carried the first humans to another heavenly 
body, to the monuments of past civilizations. 

Former NASA administrator Michael Griffin has compared  
the space program to medieval cathedrals, built to last an eternity. 
Hundreds of years later, these cathedrals still inspire awe. When we 
assess the Apollo program and the bubble that made it successful, 
we shouldn’t just consider what Griffin calls the “acceptable reasons” 
for it, based on rational and quantifiable cost-benefit analyses. 
Rather, we need to consider the “real reason”—a drive that is 
unquantifiable, intuitive, compelling, and represents “inventiveness, 
competitiveness, and boldness.”36 Apollo’s backers won support by 
emphasizing geopolitical competition and useful spillover technol-
ogies. But these factors do not represent the mission’s essence. 
Apollo built a monument to the human drive for greatness. Its end, 
therefore, has an enduring civilizational significance. 37

one of the most important lessons from Apollo. Manned space flight 
needs to be evaluated less in terms of economic efficiency and more 
in terms of spiritual effectiveness. 

Rockets and cathedrals 

After Apollo, the eternal frontier closed. Apollo’s cultural and social 
legacy was just as important, if not more important, than its substan-
tial material legacy. As sci-fi writer Robert Heinlein put it shortly after 
the Moon landing, Apollo’s success was “the greatest event in all the 
history of the human race up to this time.” 32

The symbolic meaning of the program’s end shouldn’t be under-
estimated. Apollo was nothing less than an instance of the technolog-
ical sublime. The Apollo 11 mission, and the technological mastery a  
successful Moon landing represented, elicited a cross-cultural spir-
itual reaction. Images from the mission were “surrounded with the 
aura of religion,” 33 from the silvery Saturn V rocket, which towered 
against the darkness of space before it lifted off and sent the first 
humans to another world, to the Apollo 8 crew’s reading from the 
Book of Genesis on Christmas Eve 1968, to Armstrong’s footprints on 
the lunar surface. In the 20th century, the experience of the techno-
logical sublime was a recurrent phenomenon in America—think of 
the interstate highway system, the Hoover Dam, the Manhattan sky-
line, the atomic bomb, the jet airplane, or the Golden Gate Bridge. 
After Apollo, that experience essentially vanished. Instead of a new 
opening upon an endless frontier, Apollo marked the advent of an era 
of diminishing expectations about the future and decreasing returns 
on technological progress. It signaled our entry into an age of deceler-
ation, in which technological and scientific ambitions are constantly 
scaled down. Dreams about sparkling Moon dust died in the mud of 
Woodstock, which gave rise to more Earth-centric concerns.









“�Apollo illustrates that it’s never a good idea  
to bet against human ingenuity, even if this innate  
drive occasionally ends in failures, crashes, and 
catastrophes. After all, it is this persistent thymotic 
force, which enjoins us to forever extend the  
limits of what’s possible, that enabled humanity  
to shatter the celestial spheres.”
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