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Introduction

Confrontation with Russia, longstanding sexual and cultural norms being upended, racial strife, a
problematic President, a drug epidemic, military defeat and a disastrous evacuation that became a
national embarrassment. Sound familiar? Yes, I’'m talking about the 60’s.

But there was also this: [Open with Apollo 11 launch video]

When Apollo 11 launched on July 16 of 1969, | was seven and a half years old. My parents let me stay
up to watch Neil Armstrong and Buzz Aldrin walk on the moon. It all seemed a grand adventure and a
display of American greatness. In many ways, it still does. But the accomplishments of that era now
have a been there-done that feel: they are too familiar -and in some ways too majestic- to inspire us
today. Yet tonight, | would like to tell that story: not as a story of perfect heroes boldly going where no
man had gone before, but a tale of human foibles, politics, and bureaucracies: a life | have come to
know far more clearly as an engineer than that old black and white TV set showed me as a kid. | will tell
you more of quirks and folks you’ve never heard of, than about Neil and Buzz and pounds of thrust, but |
hope to rekindle in you a sense of amazement nonetheless. So strap yourselves in and enjoy the ride.

First: The Germans
The Space Race cannot be understood apart from the context of WWII.

While rocketry had been investigated for centuries, it had not been pursued by an industrial state until
the rise of Nazi Germany, whose efforts were led by a son of minor German nobility named Wernher
von Braun [PHOTO] who had long dreamed of space exploration. Both handsome and brilliant, he also
possessed a gift for technical leadership that guided the development of the first successful ballistic
missile, the V-2, used by the Nazis, presumably the next best thing to a moon rocket. [PHOTO] Fueled
by alcohol mixed with water (to keep the combustion chamber from getting too hot), the V-2 had a
range of 200 miles, enough to hit Britain from their launching site at Peenmunde, neart he Baltic Sea.

Though produced in large numbers by slave labor (overseen indirectly by von Braun) and an impressive
technical accomplishment, the V-2 was not sufficiently effective as a weapon to significantly alter the
balance of the war (it was introduced in 1944). However, it was clear to both the Americans and the
Russians that this technology had great military potential, and as the war drew to a close both sides
made efforts to capture German rocket scientists, engineers, and material. While a few went east, most
of these personnel chose to be captured in 1945 by US Army forces instead, taking as much as they
could with them.

American military and political leadership was happy to oblige, overlooking their more-or-less voluntary
participation in the Nazi regime by setting up Operation Paperclip to relocate them and their resources
to Ft Bliss, near El Paso TX. There, in the desert, they could continue their work, let alone but carefully
supervised by the US Army.



Yet their dreams of lunar glory were not forgotten, and in 1955 von Braun and Walt Disney teamed up
to produce several TV specials advocating space exploration, [PHOTO] which were seen by 25 percent of
the US population: “We Aim for the Stars” they proclaimed, though comedian Mort Sahl appended “but
occasionally hit London”. An adventure was afoot, and with visions of Buck Rogers in their heads
Americans were eating it up.

The Americans

However, this enthusiasm was not shared by President Eisenhower, who was looking to reduce taxes
and avoid the furtherance of a military/industrial complex which would certainly be required if America
was to make a serious effort in space. For the American armed forces had not been idle: relocated to
Alabama, von Braun and Co had developed the Redstone missile for the Army as a modification of their
successful V-2 design, while the Air Force had their newly-developed Atlas ICBM and the huge-but-
abandoned F-1 rocket engine that would one day power the Saturn V. Not to be left rocketless, the
Navy had launched its Project Vanguard to launch a satellite, in hopes of keeping eyes over the world’s
oceans, but also to participate in the International Geophysical Year 57/58. A civilian agency, the
National Advisory Committee for Aeronautics (NACA) had been created in 1915 to investigate the
development of new-fangled airplanes, also had a role in the US government’s pursuit of space
activities.

The Russians

The American efforts proceeded more or less independently until, on October 4 of 1957, the Russians
placed the first artificial satellite, Sputnik 1, in orbit, to the astonishment of the United States. It was a
much different time. The USSR was strong, and its sphere expanding. It seemed to many to be, as was
said of the French revolution, “an idea with a sword”: a victor in WWII at a cost far greater than that
borne by the US. Having come from backward nation of peasants, it proclaimed a “new world order” of
communism. Other nations, especially non-European ones, saw in communism an alternative to the
European colonialism that had sometimes literally kept them in chains. And now these Russians had
launched a satellite.

The Race

American complacency, fed by postwar prosperity (if you were white, male, Protestant, and straight it
was a great time to be alive, with or without a college education) was shattered by the beep-beep that
US ham radio operators could hear on their sets as Sputnik journeyed overhead, visible to the naked
eye. Less than a month later, Sputnik 2, carrying the dog Laika, was launched into orbit. The Russians,
thought to be technologically backward, had beaten the US into space.

The American response was not long in coming: our first attempt to launch an orbital satellite occurred
on December 6 of that year. The Navy’s Project Vanguard launch, however, did not go well: as was said,
the Soviets had 2 Sputniks, we had one kaputnik.

A second attempt, the Explorer 1 satellite launched atop the Army’s Jupiter-C missile — a larger Redstone
developed by von Braun and company-was successful: Explorer 1 not only reached orbit, it discovered
belts of radiation surrounding the Earth, named for scientist James Van Allen of the University of lowa.



However, these somewhat ad-hoc efforts, complicated by inter-service rivalries between the Army,
Navy, and Air Force, would not do: a new organization was needed to focus America’s efforts in space,
although the services would continue to develop their own missile programs. NASA was created from
the old NACA, bringing together NACA’s spacecraft designer Maxime Faget, the Army’s rocket engineers
and facilities under von Braun, the grudging cooperation of the Air Force, and a substantial budget.
Democratic senate majority leader Lyndon Johnson, who had been happy to note that the Sputnik
debacle happened on Republican President Eisenhower’s watch, eagerly supported these efforts (not
surprisingly, many of the tax dollars devoted to the US space program found their way to Texas).

Project Mercury

Ten weeks after the creation of NASA, America’s man-in-space program, Project Mercury, was
announced. Its objectives were simple: get a man in space, and then get him into orbit. Given the
limitations of the rockets available, the first flights would be sub-orbital, using the Army’s Redstone,
while orbital flights would require the Air Force’s Atlas. However, both had been designed to carry
warheads for one-time use rather than astronauts who intended to survive their flight. It was the
astronauts, of course, that soon became the focus of American public attention. But how should they
be chosen? Various groups and criteria were proposed: use of women, dwarfs, or jockeys could reduce
the capsule’s size and weight, both of which were at a premium, and Buddhist monks and Eskimos were
considered at least half-seriously for metabolic reasons. In the end, however, it was realized that
astronauts would have to be comfortable working with and risking their lives on new and untried high-
performance vehicles: military test pilots were the only game in town. A tight fraternity, they were also
men- they were all men- with a close acquaintance with death, which was frankly expected as part of
the program. Since about one in four test pilots died in his cockpit, they should feel right at home.

So they were recruited from jobs they generally loved for a chance to do what no one had done before-
or perhaps to die in a novel way. The call went out, and 508 pilots’ records were assessed: this was
whittled down to 110 with 1500 hours of flying time, graduation from test pilot school, excellent
physical condition, 25-40 years old, shorter than 5’11, and having a bachelor’s in engineering or
equivalent. However, since no one had been in space, no one was really sure what physical criteria
should be considered, so doctors peeked at and prodded them in every way conceivable, whether or not
it appeared to relate to space travel. Finally, seven candidates appeared to be ever so slightly ahead of
the rest: while it had been decided that only six would be accepted, in the end NASA’s director of the
Space Task Group, Bob Gilruth, decided to accept all seven.

The Mercury Seven

On April 9, 1959, America met its newest heroes [PHOTO]: Scott Carpenter, Gordon Cooper, John Glenn,
Gus Grissom, Wally Schirra, Alan Shepard, and Deke Slayton. They became known as the Mercury
Seven. They were all married white Protestants with children, and the media took to them immediately,
especially to John Glenn. Although they had been promised that they would be pilots rather than mere
passengers in the Mercury capsule being designed, many of their fellow test pilots regarded them as
“spam in a can”, in Chuck Yeager’s words. Yeager, perhaps the most famous test pilot alive for having
broken the sound barrier, was not considered for astronaut training due to his lack of a college degree:
perhaps this had something to do with his attitude.



Yet Yeager had a point: the first flights especially were more aimed at learning about human physiology
in space than the actual performance of the craft. Moreover, the Mercury flights were preceded by a
sequence of unmanned flights, many involving monkeys instead: Albert | had been launched in one of
von Braun’s V-2's, but his oxygen failed; Albert Il made it 83 miles up but died on impact after a
parachute failure; Albert Ill died when his V-2 exploded in flight; Albert IV also died on impact after a
parachute problem, as had Albert V; Albert VI died from overheating after landing. Not until they quit
naming the monkey Albert did American apes survive the trip into space. But although these flights had
been informative, they had done nothing to bolster the image of the astronaut: in Yeager’s words, they
were going to have to sweep the monkey shit out of the capsule when it came time for a man to ride a
rocket.

And the time had, at last, come: after intense competition among them to see who would be the first
American in space had been won in early 1960 when Bob Gilruth had gathered the seven astronauts to
announce that Shepard, Grissom, and Glenn- in that order- would be the first ones up. Privately,
however, he conceded that “If we get those first three guys back alive, we’re going to be damn lucky”.

Gagarin

However, before Shepard could take his chance, Yuri Gagarin of the Soviet Union [PHOTO] became not
only the first human in space but the first to orbit the earth: the Russians had another impressive pair of
firsts, coming on the heels of their putting the first object on the moon (the probe Luna 2, Luna 1 having
missed the moon) as well as having returned the first photo of the back side of the moon, courtesy of
Luna 3. But while he American effort- funded by the taxpayers- was very public, inviting the media to
cover its non-military flights, the Russian effort was shrouded in secrecy: Gagarin had gone up and come
down, and was healthy enough to exhibit to the world, nothing was known of their failures. In fact, they
had recently suffered a substantial one: a prototype of a new ICBM was being prepared for a test
launch, with the goal of doing so before the anniversary of the Bolshevik revolution. Haste led to
shortcuts, and then a short circuit: while sitting on the pad, the second stage ignited, detonating the first
stage below it and killing hundreds of skilled engineers and technicians, along with the head of the
Soviet Strategic Rocket Forces who had ordered the haste, and destroying the launch pad.

Kennedy/Johnson

It was ironic that shortly thereafter, on November 8, 1960- the day after that anniversary- John F.
Kennedy had been elected President of the US, with Lyndon Johnson as his Vice-President [PHOTO]: he
had campaigned extensively on the supposed “missile gap” by which the US was held to be behind the
USSR. This gap was in fact illusory, and Kennedy had been made aware of that, but it remained part of
his political campaign nonetheless.

A four-inch flight

The American space program, meanwhile, had exhibited a mishap of its own. [PHOTO] On November
21, 1960, the astronauts were on hand to watch the first unmanned flight of the Mercury Redstone, the
type of vehicle Shepard was to ride. So what happened? As intended, one of many cords connecting it
to the pad came unplugged from the rocket as it began to arise from the pad. Unintentionally, however,
the cord’s electrical ground had disconnected before its control signal, which proceeded to shut down
the engine. Mercury Redstone 1 had flown a total of four inches into the air before settling unsteadily
back on the pad. Somewhat incongruously, the escape tower had then jettisoned, and the parachute
deployed.



Kraft

Among those watching the debacle was NASA engineer Christopher Columbus Kraft [PHOTO], another
Gilruth hire, who age 36 had been somewhat offhandedly charged by his boss with working out the
procedures necessary to successfully conduct a launch: “Chris, you come up with a basic mission plan.
You know, the bottom-line stuff on how we fly a man from a launch pad into space and back again. It
would be good if you kept him alive.” Kraft had applied himself to this task with zeal, developing the
concept of mission control, realizing the vast amount of planning and infrastructure that would be
required to coordinate these operations, and managing a team of highly trained technicians handling far
more information than an astronaut- or any other single human being- could hope to correctly respond
to.

This situation, however, had not been anticipated: Not only was the Mercury-Redstone 1 flight a failure,
but a fully-fueled and armed missile was now sitting threateningly back on the launch pad. Several
suggestions were quickly made, including shooting the rocket with rifles to let the fuel drain out the
bullet holes, but Kraft’s calmer head prevailed. It was realized that the battery charge would soon leak
away, disarming the Redstone, and that the liquid oxygen would warm up and boil off through the
safety vents. These things occurred, the rocket was secured intact, and Kraft’s flight procedures were
updated to take this situation into account.

Two months later, Mercury-Redstone 2 was launched, carrying a chimpanzee named Ham. [PHOTO] He
had been trained to pull levers in response to visual cues in the capsule, receiving pellets of food for the
correct response, and an electric shock for an incorrect response. While his flight was successful, the
food vs shock wires had been accidentally reversed, and it was a very unhappy monkey who returned
safely to earth. America’s first manned launch vehicle was ready to go.

Shoot for the moon

Progress was being made- but how to respond to Gagarin’s flight? Upon Kennedy’s election he had
named Lyndon Johnson as chairman of the National Space Council: consulting newly-appointed NASA
administrator James Webb, Bob Gilruth, and Wernher von Braun, the team agreed upon a goal far
enough in the future that would allow the American effort to catch up and accomplish it first: they
decided to shoot for the moon. On May 25, 1961, six weeks after Gagarin’s flight, Kennedy made it
official. [PHOTO] Speaking to a joint session of Congress, he said “I believe that this nation should
commit itself to achieving the goal, before the decade is out, of landing a man on the moon and
returning him safely to earth”. The race was truly on.

The Systems

James Webb

In order to accomplish this goal, a tremendous amount of work had to be done, and this would require a
tremendous amount of resources: at its peak, roughly 4% of the Federal budget each year. Facilities
would need to be constructed, often in the home districts of influential Congressmen, and oversight
committees and other bureaucrats would need to be answered to. NASA was fortunate to have James
Webb as its leader, [PHOTO] not only for his skill in working with politicians, but for his amazingly
accurate prediction at the outset of how much going to the moon was going to cost the American
taxpayer, and that Kennedy’s goal could be met. (To someone who has spent his life working on
engineering development projects which almost never predicted ahead of time how much something



would cost and when it would be done, this is one of the more amazing aspects of the Apollo program).
As the accuracy of his estimates became apparent, NASA gained credibility as an institution in the
skeptical eyes of Congress. Mere administrators are seldom recognized, but although he himself
remained on planet earth there is indeed good reason to name it the James Webb Space Telescope.

Families and media

To sustain this cost and effort, a major public relations campaign was required, with many glossy
photos[PHOTO]. Astronauts were sometimes hustled out to cut a ribbon for the grand opening of a new
grocery store if it was in the home state of an important senator. Yet despite the appearance of picture-
perfect families, many of these marriages were in trouble. The husbands were high-testosterone,
competitive individuals to begin with, and their day job was to push things to, and sometimes beyond,
their limits. Now as astronauts working and training long hours, and often far from home, they received
adulation from attractive and quite willing young women when out in bars or relaxing in other ways.
Even a saint would have been sorely tempted, and several of the astronauts were more than tempted
and less than saints. Yet despite this, their spouses knew the drill: whatever they may have thought
privately, when the press was on hand they were- to a woman- proud of their husbands, happy for their
accomplishments, and thrilled by the prospects that lay ahead of them. Some variation of “proud,
happy, and thrilled” was what the public demanded, and that is what they got. If some in the media
knew otherwise, they kept it- like Kennedy’s shenanigans- out of the newspapers.

Capsules

For all this money, America’s first manned spacecraft was small: [PHOTO] the Mercury capsule’s outer
dimensions were 10.8 ft long and 6 ft wide, but so much smaller inside that, in astronaut John Glenn’s
words, you didn’t get in it so much as put it on. Inside there were 55 switches and 35 levers- and no
computer. [PHOTO] All calculation was done on the ground, and the capsule could be- in fact, was
designed to be- controlled from the ground. At their insistence, the astronauts could override ground
control, and look out the window they weren’t initially intended to have, but “spam in a can” was not far
from the truth, especially on the initial flights. Kraft’s Mission Control would be in charge.

Launch vehicles: Redstone suborbital

The rocket boosters used for the first Mercury flights were the 3000 pound Redstone, derived from the
von Braun’s V-2 by von Braun’s team at the Army’s Redstone Arsenal in Alabama[PHOTO)]. Like it, the
Redstone used a mixture of alcohol and water for fuel and liquid oxygen for oxidizer. While capable only
of putting the Mercury capsule aloft for 15 minutes in a sub-orbital ballistic trajectory, it had had a good
track record during development, which had begun in 1953. Best of all, it was available, and on May 5
1961 a modified Redstone carried its first human passenger, astronaut Alan Shepard aloft in the
Mercury capsule. Two and a half months later, Gus Grissom repeated the feat. In both cases, the
capsules splashed down in the Atlantic Ocean and the men were recovered safely.

Launch vehicles: Atlas orbital

A modified Atlas missile, developed by the US Air Force, had been modified to carry the Mercury capsule
itself somewhat modified for orbital flight. [PHOTO] But the Atlas booster proved more troublesome
than the Redstone: with the astronauts on hand to watch their first missile flight, an Atlas booster had
exploded a minute after liftoff. Shepard turned to Glenn and said, “Well, I'm glad they got that one out
of the way”. On another flight, it had traveled straight up instead of rolling to head over the Atlantic,



thereby threatening coastal Florida, and a command for it to destroy itself had to be sent by the range
safety officer. On its fifth try, though, Mercury-Atlas carried a chimp named Enos- nicknamed “the
penis” for his habit of fondling himself- safely into orbit and safely back to earth. Perhaps it was not just
monkey shit that had to be cleaned from the capsule, but in any event, the Mercury-Atlas was now
ready for a human passenger.

Americans in orbit

The first American in orbit was the popular John Glenn: after three successful orbits it was time to
return to earth. However, telemetry indicated to Mission Control that the heat shield of his capsule had
started to come loose- a potentially catastrophic condition. Without telling him why, Mission Control
refrained from directing him to jettison the retro-rocket pack that had taken him out of orbit, thinking
that it might help keep the heat shield in place. Knowing the procedures thoroughly, Glenn asked about
this omission and received an evasive answer. Suspecting that something bad was up, he did as he was
told while suspecting the worst. He also needed to orient the craft so it would come down heat shield
first, and also to come in at the right angle: too sharp, and even an intact heat shield would offer
insufficient protection, too gentle, and he would remain in orbit until running out of oxygen. As he
reentered the atmosphere, the ionized air molecules surrounding the capsule made radio
communication impossible: for minutes that seemed an eternity Mission Control did not know whether
thay had lost their first astronaut. Fortunately, the error report was false, and the heat shield was
intact. Glenn landed in the Atlantic and was celebrated as an American hero with a ticker tape parade.
Although the third American in space, he was easily the most famous.

Following Glenn’s flight, Scott Carpenter’s was notable chiefly for getting him into trouble. While in
orbit he had trouble keeping up with the schedule of experiments, and was distracted by a series of
flashes outside his cabin window, which he described as “fireflies”. These had nothing to do with insects
in space, but were later discovered to be caused by small bits of frost flaking off his capsule at very high
speed. Not knowing this, he attempted to take pictures of them, and the distracted astronaut failed to
perform his reentry maneuvers correctly and missed his landing area by 250 miles. Fortunately this was
not fatal for him personally, only his career in the space program.

The next astronaut. Wally Schirra, had a much better flight, doubling with 6 orbits the tally for both
Glenn and Carpenter, and performing a series of tests and measurements to prepare the craft for a
longer-duration flight. He landed safely and went on to become the only astronaut to fly on all three of
the first manned space programs: Mercury, Gemini, and Apollo.

That long-duration flight was flown by Gordon Cooper on the last of the Mercury program, making 22
orbits over 34 hours. This was a challenge not only to his endurance, but to the ground crews that now
had to follow his schedule, taking 8 hour shifts around the clock. More concerning was the fact that his
capsule’s navigational XXX system malfunctioned: he himself had to bring his craft home. While he had
assistance over the radio, patchy coverage- they had no Verizon back then- made communications
difficult, and his successful return was a testament to his training and skill. While the Russians had
recently established a long-duration record more than three times longer than what Cooper had flown,
and with two craft aloft at once, America had shown that early Russian success would not go
unanswered.



What next? Saturn development

Mission mode (4 % min)
So the goal was set, and the country was committed: the question was how to get there. Three
approaches were proposed:

Direct ascent, in which one rocket would leave earth, fly to the moon, land on the moon, and fly back.
This posed major challenges: a rocket with engines big enough bring the craft out of the moon’s
gravitational field and back to earth, would be quite large- so large that it was not at all clear how
astronauts would get down from the top of it after it landed on the moon, or back up again from the
lunar surface. The biggest problem, though, was that the weight of the quite-large rocket and all the
fuel needed for its return trip would have to be flown into space from earth, and a rocket that could do
that would be simply enormous, much bigger than the Saturn V that finally made the trip. To those
whose job it was to build bigger and bigger rocket boosters, this was not a problem but an opportunity
which they pursued with relish.

However, it was clear to many that even if such a rocket could be built at all it could not be built before
Kennedy’s decade was out, hence another approach was advocated by many at NASA: Earth-orbit
rendezvous.

The idea here was to build that quite-large moon rocket in earth orbit in pieces flown up one at a time
by not-quite-so-enormous rockets and assembled by astronauts, who would then get inside and set out
as before. This traded an engineering problem for a construction problem in an environment in which
no one had built anything before. At least, however, all this would be done near Earth, so that any
problems which arose were relatively close at hand. More importantly, should a single not-quite-so-
enormous rocket blow up, the pieces delivered by the others would still be intact: otherwise all bets
would be riding on a single horse.

Among others, an engineer named Dr. John Houbolt of the Lunar Mission Steering Group had another
way, however: lunar-orbit rendezvous, or LOR for short. In this scheme, only a small craft would

actually go down to the surface, leaving the rest of the rocket in orbit- the landing craft would be no
bigger than required to get it back into orbit, and half of it — including the landing gear and engine used
during descent- would be left on the moon. Moreover, it allowed the lander itself to be designed
exclusively for the purpose of lunar landing, without having to worry about reentry into the earth’s
atmosphere. (Though little noted at the time, it would also allow the lunar module to be used as a
lifeboat in space). However, lunar-orbit rendezvous, as its name implies, would require the ascent
module to rendezvous with the craft left in orbit around the moon and transfer the crew before
returning to earth, leaving the no-longer-needed ascent module to crash unmanned on the moon. No
one had even managed to do a rendezvous in earth orbit, where both craft could be guided from earth,
let alone around the moon.

Unfortunately for Dr. Houbolt, however, he didn’t work at NASA headquarters but in a field office. He
had been convinced since 1959 that LOR was the way to go, and had been patiently explaining why to
anyone who would listen. Unfortunately for him, many in NASA leadership and its internal staff
processes would not: they were already invested in the direct-ascent or earth-orbit rendezvous
approaches. After months of frustration, he wrote a nine-page personal letter to the number 2 at NASA
— risking his job by going over or around several layers of management- to explain why LOR was worthy



of serious consideration. Fortunately, the man listened, and eventually LOR prevailed. It was July of
1962: two Mercury astronauts had flown around the earth, and NASA now knew how astronauts would
get to the moon.

Project Gemini

With Project Mercury having exhausted the capabilities of its booster and capsule, a new program was
needed to practice and refine the techniques to be used to get man to the moon. The Gemini capsule
[PHOTO]carried two men to earth orbit, allowing one to remain inside while the other ventured out into
space- a variation on the “I'll stay here in the boat while Jim wrestles with the alligator” from the Mutual
of Omaha. While the spacewalk was not planned to be performed on the trip to the moon, it could be
essential in an emergency or a space rescue. Moreover, Gemini would allow truly long-duration flights
to be practiced: long enough for Saturn to get to the moon and back. Finally, Gemini would allow
rendezvous and docking procedures essential for lunar orbit rendezvous to be developed in earth orbit.
Doing this work in a separate program would allow Apollo development to continue independently as
these techniques were worked out.

Astronaut Gus Grissom, the second American in space, had been heavily involved in the development of
the onboard control system that would allow these ships to be truly piloted, and in order to allow a pilot
to perform these tasks these controls would need to be both precise and complex. There would be no
monkey shit to sweep out of a Gemini capsule as no monkey would be able to fly it. So involved had
Grissom become that the Gemini capsule became known as the “Gusmobile” to his fellow astronauts.

Although providing its occupants no more space than the front seat of a VW Beetle, in order to take the
Gemini capsule into orbit, a new booster would be needed: the Titan Il intercontinental ballistic missile.
Designed to lob nuclear warheads onto Russian soil, it would be adapted to take men into orbit without
killing them en route: g-forces really didn’t matter that much to the warhead.

Of the original Mercury 7 astronauts, two had been grounded for medical reasons (Deke Slayton and Al
Shepard), one had launched into a political career (John Glenn), and one had been grounded for in-flight
performance reasons (Scott Carpenter). This left only three: Grissom, Schirra, and Cooper. To fill the
boots needed for Gemini, a new class of astronauts, the Next Nine, had been announced in September
of 1962. The Nine were: Neil Armstrong, Frank Borman, Pete Conrad, Jim Lovell, James McDivitt, Elliott
See, Tom Stafford, Ed White, and John Young.

Getting the Titan ready for them was a challenging process. Unlike the Redstone or Atlas missiles, the
Titan was a true two-stage rocket, but after two unmanned launches to test the systems and the new
capsule’s heat shield for reentry, Gemini 3 was ready to take the Gusmobile aloft. On March 23, 1965,
Gus Grissom and John Young took it up for a spin. The flight lasted for only three orbits, but long enough
to test the responsiveness of the capsule to the pilot’s guiding hand. The next flight, Gemini 4, carried
McDivitt and Ed White to orbit, allowing White to perform the first American spacewalk. So enjoyable
did he find it that it was only with difficulty that he was persuaded to come back inside. He was not the
first person to have walked in space, the Russian Alexei Leonov having claimed this accomplishment less
than three months earlier. America was, however, catching up.

The flight of Gemini 5, two and a half months later, allowed Mercury astronaut Gordon Cooper and Pete
Conrad to take the record for time in orbit, staying aloft 8 days, long enough for a lunar trip, and



demonstrating the hydrogen/oxygen fuel cell that would replace batteries as a source of electrical
power for all future flights.

The next task at hand was rendezvous and docking. On Gemini 4 McDivitt had tried rendezvous with the
spent second stage of the Titan, but had visibility problems from his capsule, while the remaining
propellent in the Titan vented sporadically, making close approach both difficult and dangerous. There
was, however, a more fundamental problem: due to the physics involved, gaining speed to try to catch
up to an object in your same orbit places you instead in a higher orbit and, counterintuitively, that
higher orbit makes you revolve more slowly around the earth. This in turn makes you appear to falling
back away from the craft you are trying to reach, to the chagrin of the astronaut pilot.

Once this was realized, flight plans were adjusted accordingly. Gemini 6 was to have attempted
rendezvous with an unmanned Agena target vehicle, but it was destroyed during liftoff. Instead, that
flight was delayed until Gemini 7 was launched, and used that as the rendezvous target. The physics
adjusted, Wally Schirra became the first person to pilot a craft to orbital rendezvous, taking has partner
Tom Stafford in Gemini 6 to within a few dozen feet of Gemini 7 and keeping it there until they returned
to earth a day later. In Gemini 7, Frank Borman and Jim Lovell stayed aloft for 14 days, a new record:
they too returned and were recovered successfully, although their body stench caused several of the
frogmen recovering their capsule to vomit once the capsule was opened. The astronauts, after a long
and thorough shower, were none the worse for wear.

Armstrong’s flight on Gemini 8

Building Apollo

Building the Saturn

With the successful conclusion of Project Gemini, all eyes turned to the main event: Project Apollo, the
one that would take a man to the moon. Apollo had been in the works long before Gemini, as it was
clear at the outset that an entirely new rocket would be needed for its purpose: there had simply been
no need for such a thing before, although the Defense Department had been pursuing manned
reconnaissance in space, which would require similar capacities. While the F-1 engine, five of which
would ultimately power the Saturn’s mammoth first stage, had been in development for some time, a
quicker path would be to glue together rockets they already had. The Saturn 1 was such a beast: its first
stage had eight Redstone tanks surrounded a single Jupiter tank, feeding eight H-1 engines, burning
kerosene with liquid oxygen. At the cost of additional weight, this approach allowed the existing tooling
to be used: the Saturn 1 tanks would be longer, but their diameter had to stay the same as the
Redstone or Jupiter. As the manned Gemini flights were beginning, unmanned Saturn 1 flights tested
first the booster itself, repeatedly, then a live 2" stage with a boilerplate version of the Apollo
Command and Service module (CSM): 10 flights in all. Each stage was thoroughly tested until the next
was tried.

An uprated version of the Saturn 1, the Saturn IB, featured an improved second stage (called,
confusingly, the S-1IVB) with more than twice the thrust, which would become the third stage for the
Saturn V. This also allowed the testing in earth orbit of increasingly realistic command, service, and
lunar modules with the stage that would ultimately take them to the moon. To do that, the S-1VB would
have to restart its single engine to get to the moon, as its power would also be needed to reach earth



orbit. This configuration made three more unmanned flights to test the new S-IVB and a more-or-less
real CSM.

Apollo 1 fire

And now the stage had been set: Gemini was done, and the new vehicle was at last ready for a spin. The
crew selected was Gus Grissom, the second Mercury astronaut aloft and- with Al Shepard grounded
with an inner-ear problem- likely to lead the first moon landing as well. Joining him was Ed White, the
first American spacewalker, and rookie Roger B. Chaffee of Grand Rapids. The early Russian lead was
overcome, and America was ready to go. Unfortunately, shortcuts had been taken, and on January 27,
1967, an electrical short in the capsule started a fire during a preflight test on the launch pad. In the
pure oxygen atmosphere (normal air is only 21% oxygen), the cabin became an inferno. The astronauts
struggled to open the locked door from the inside of the capsule, but they were soon overcome and
asphyxiated as technicians outside struggled through the smoke and flames which had burst the
capsule, risking their own lives to save men who, by that time, were mercifully dead, their suits melted
together. Other astronauts and their wives raced to the homes of the dead so that their widows would
not have to learn their husbands’ fate from the news.

NASA and its contractors were devastated with grief. That death should have finally an American crew
not in the unknown hazards of space but firmly on the ground, and as a result of shoddy workmanship
and lax supervision, cut all involved to the quick. With NASA stunned and searching for answers, Chris
Kraft's deputy Gene Kranz called a meeting of flight operations personnel and all the Apollo contractors
in Houston. After his immediate boss outlined what was known of the circumstances, Kranz took the
microphone.

It was up to the people in that room, he said, to make sure that Grissom and his crew had not
died in vain. He placed the blame for the accident squarely on himself- and everyone else there.
They had all known there were problems, he pointed out. “Not one of us stood up and said
‘Dammit, stop!’ “ he said.

“We did not do our job,” he continued.
No one in the audience said a word.

“From this day forward, Flight Control will be known by two words: Tough and Competent.
Tough means we are forever accountable for what we do or what we fail to do. We will never
again compromise our responsibilities. Every time we walk into Mission Control we will know
what we stand for.”

“Competent means we will never take anything for granted. We will never be found short in our
knowledge and in our skills. Mission Control will be perfect.”

He ordered them to go to their offices and write Tough and Competent on their blackboards-
and never erase it. “These words will remind you of the price paid by Grissom, White, and
Chaffee. These words are the price of admission to the ranks of Mission Control.” [Shoot for the
Moon p224]

Like a phoenix, Apollo would be reborn from the ashes.



Apollo 4- all up test

Three months later, the Soviet crew of the Soyuz 1 crashed upon reentry, killing all aboard. Gagarin had
been on the backup crew for that flight, and part of the Soviet response was to ground him
permanently- he was too valuable propaganda material to lose. But now, more than 9 months after the
Apollo 1 fire- the longest pause in activity since the space race began- the Americans were ready to
make a move. Not with a manned crew- American astronauts would not fly again for nearly a year- but
with the Saturn V itself.

The booster program, largely under von Braun’s guidance, had moved carefully, testing a single
component at a time. But it was clear to NASA’s chief of manned spaceflight, George Mueller, that such
an approach would not have a launch vehicle ready in time to meet Kennedy’s goal. There were simply
too many major pieces to test them one by one: they would have to be tested together in an all-up
approach. Accordingly, the first flight after the Apollo 1 disaster (so named at the widow’s request),
would be the fourth flight using real Apollo components, but include the brand-new first stage and the
brand-new second stage, and would be the first time that the third stage, the trusty S IV-B, restarted its
engine. Even the launch pad was new- needed for the enormous rocket it was to send into space. Key
modifications to the command module had been made, including the heat shield, which was to be
tested at a lunar-return velocity and angle. It had originally been slated late 1966, before the fire, but a
multitude of problems had led to one delay after another. Congress had lost all enthusiasm for
spaceflight, and America was waging a deadly and unpopular war in Vietnam. NASA funding had been
cut, and it was clear that another failure might end the Apollo program. But at 7:00 am on November 9,
1967 the first Saturn V to fly roared to life. All 3 stages worked as planned, the 3™ stage engine was
restarted, and the service module engine gave the command module the speed it would have coming
home from the moon. The heat shield held, and internal cabin temperatures remained within range. It
was a flawless mission, and Kennedy’s goal again seemed within reach.

This luck held for the launch of unmanned Apollo 5, which used the smaller Saturn 1B to launch a lunar
module into earth orbit without the CSM. Although there were some problems with the LM’s descent
engine, Gene Kranz’'s team was able to adapt and complete the needed tests of the vehicle, the ascent
module successfully firing its essential engine- without which astronauts would be left to die on the
moon- well enough that a scheduled unmanned test of the lunar module was cancelled.

Apollo 6 was intended to send an unmanned Apollo craft to the moon. Unfortunately problems during
liftoff damaged the second and third stages, and the latter was unable to restart: instead of going to the
moon, Mission Control used the rocket they had in orbit to repeat the flight profile of Apollo 4. This was
successful, and convinced NASA management that Saturn was at last ready to take men aloft.

As the flight was only intended to be earth-orbital, the Saturn IB would be used for the last time in the
Apollo program rather than the Saturn V. As with Apollo 4 and 5, the Apollo 7 hardware and software
behaved as expected. The humans aboard, however, did not. Mercury and Gemini veteran Wally
Schirra had announced his retirement before liftoff, and had come down with a cold, which he
proceeded to give to his crewmates, Don Eisele and Ward Cunningham. Angered by the decision to
launch in a higher wind that he would have liked, Schirra’s mood was not improved by being asked to
appear on television while on orbit before other mission tasks had been completed, and Eisele also
expressed his unhappiness with what he was asked to do in rather graphic terms during the 8 day
mission. Schirra was also opposed to wearing their helmets during reentry, which would make it



impossible to hold his nose to equalize pressure. While as the commander aboard Schirra was allowed
to prevail, none of the three rebellious astronauts would be allowed to fly again in the Apollo program.

Apollo to the Moon

Apollo 8 had originally been intended to be a test of the lunar module in earth orbit- but it wasn’t ready
yet. Instead, Apollo program manager George Low proposed that the crews of next Apollo missions
switch places: Apollo 8 would go to the moon. This would allow Mission Control to gain important
experience sooner: it would also grab a space milestone for the American program by sending the first
crew around the moon. It was also decided that, if all went well, it would not only go to the moon, but
orbit the moon. This meant that instead of taking a so-called “free return” trajectory, in which whipping
around the moon would aim them back to earth without major course adjustment, the astronauts
would slow down enough upon arrival to enter lunar orbit, 70 miles above the lunar surface.

This meant, however, that they would have to restart their remaining rocket engine to return to earth,
and that if it failed to do so they would be stuck- without hope of rescue. Moreover, the laws of orbital
mechanics dictated that they would have to do both maneuvers above the far side of the moon, out of
radio contact, firing their engine at exactly the right time and for exactly the right amount of time. Frank
Borman, James Lovell, and William Anders would have to travel three days in space to get there, stay for
a day, and travel three days back. Borman estimated that there was about “a one third chance of
success, a one-third chance of a survivable accident, and a one third chance of not coming back”. While
their training time had been cut by two or three months by the change in plan, he immediately agreed.
And so it was that on Christmas Eve, Bill Anders took the iconic picture of Earth as it rose above the
lunar horizon, Earthrise. [PHOTO] On their final orbit, before restarting their engine, the crew took turns
being televised reading from the book of Genesis:

“In the beginning, God created the heavens and the earth”.

It was, at the time, the most-watched television broadcast ever. It was a year that had seen the Tet
offensive in Viet Nam and the assassination of Martin Luther King, but also a year in which with that
photo, humans had first seen their planet as a lovely blue marble hanging in space. After successfully
reentering the Earths atmosphere and returning home, Borman received a telegram that said: “To the
crew of Apollo 8. Thank you. You saved 1968”.

While lacking that drama, Apollo 9 was the first flight of the lunar module, testing the assemblage of
craft that would make the lunar trip while close to home, in earth orbit. This, the second manned flight
of the Saturn V, had the CSM depart the third stage and lunar module, turn around and dock with it,
then transfer the lunar module crew to it. The LM crew would then fly out of sight of the CSM, and fly
back, doing another rendezvous and docking. If, however, they could not do so, the two-man crew
would have to spacewalk over to the CSM, which meant that the LM would have to get them close
enough to do so: if that rendezvous could not be done, the LM crew would be unable to survive reentry
into the atmosphere as the lightweight and spindly LM had no heat shield. Despite this, the public had
little interest- it was only earth orbit, after all. Fortunately, all went well, and James McDivitt, Rusty
Schweikart, and Dave Scott returned safely to earth after 10 days aloft. It was, to them, a “connoisseur’s
flight” -what test pilots did: the crew of Apollo 8, in their minds, had only been passengers in a proven
vehicle, albeit to a novel destination.



So well had it gone that there was talk of attempting the landing on the next flight, Apollo 10. This was
soon quashed, however: it would be a dress rehearsal, performing around the moon what McDivitt and
company had done around the earth. It would travel in the same orbit planned for the landing itself,
and would allow local variations in the moon’s gravitational field to be mapped out: since the lander
would have little fuel to spare and hence little time for corrective action above a rocky surface. After
the crew, Tom Stafford, Gene Cernan, and John Young, flew to the moon, Stafford and Cernan
transferred to the lunar module, decoupled, and took it down to an altitude of nine miles above the
lunar surface: as low as they could go while allowing Young to come and rescue them if needed. Hence
a full complement of fuel would not be needed in the lander- just as well, in the minds of some, as it
would prevent Stafford and Cernan from claiming the honor of a landing: at least if they intended to
return. All went well until, while orbiting the moon and preparing to rejoin the command module
Cernan attempted to help his commander by flipping a navigational control switch that Stafford was
supposed to flip: unknowing, Stafford flipped it back to where it had been, and the LM gyrated wildly as
its radar lost lock on the CSM. Their “Son of a bitch” and “Goddamn it!” and “We’re in trouble” were
transmitted back to earth and broadcast live. Their training had prepared them for their predicament,
which was swiftly brought under control, but not for the public furor over swearing astronauts that
greeted them upon their return.

The Flight of Apollo 11

The crew of Apollo 11, commander Neil Armstrong, Buzz Aldrin, and Michael Collins, had trained
together for months/XXX, as had the other Apollo crews, but this one would be different: they would
actually land on the moon. But who would be the first one to set foot on the moon? There had been
lively discussion about this: on Gemini, the mission commander had remained with the craft while the
other took the spacewalk, but this would be different. Buzz Aldrin, the number two on the landing
team, had lobbied hard for the honor, to the irritation of NASA management, who became even more
annoyed when Aldrin’s father, an admiral, joined the campaign. Such things were not unknown, even
among other astronauts, and the practice even had a name: Sniveling. But in the end, it was decided
that the first boots on the moon should belong to the astronaut who had not pushed himself forward:
Neil Armstrong.

At last, the moment had come, and Apollo 11 climbed into the sky just like the others had. In order to
focus on the moon landing, science experiments that had been devised to occupy the astronauts’ time
were left on earth, and the three days out to the moon proved uneventful, even routine. Upon arrival,
they performed the undocking maneuver just like Apollo 10 had. But unbeknownst to the astronauts,
pressurized air in the docking tunnel gave the lunar module a little extra velocity. Worse, as they began
their descent they were alerted by an alarm code, 1202, from their computer that they had not seen
before. Back in Houston, engineers frantically chased down anything they could glean about it. Every
simulation they had run had ended in one of three ways: with a landing, an abort, or a crash. Which did
this portend? Amidst the chaos, a technician named Steve Bales remembered having seen it before: it
indicated that the computer had become overloaded and would abort the least-essential task and
quickly reboot: it was actually a sign that the software was responding correctly to a novel situation.
“Disregard the error” Armstrong was told, though it recurred several times. Looking out the window at
the lunar terrain below, he realized that between the extra velocity and the distracting alarms they had
overshot their target, and a boulder-strewn field awaited them. Quickly taking manual control,



Armstrong maneuvered clear of the boulders using a rapidly-decreasing supply of fuel. Finally, with only
fifteen seconds of fuel left, they landed. Shortly afterwards, Aldrin asked for a few moments of silence,
saying:

“I'd like to take this opportunity to ask every person listening in, whoever and wherever they
may be, to pause for a moment and contemplate the events of the last few hours and to give
thanks in his or her own way”

Then, using elements he had brought with him on the trip, Buzz Aldrin took communion on the moon.

A few hours later, Armstrong and Aldrin descended to the lunar surface, grabbed some rocks, and
planted an American flag on the moon. But a plaque on the lunar module told a bigger story:

“Here men from planet Earth first set foot upon the moon: July 1969, AD.
We came in peace for all mankind”

All, it seemed, had been planned for: even the darkest of failures. Astronaut Frank Borman had asked
that President Nixon be prepared with a speech in case Armstrong and Collins were unable to lift off
from the moon. Accordingly, William Safire prepared a text he hoped never to hear:

“Fate has ordained that the men who went to the moon to explore in peace
will stay on the moon to rest in peace”

concluding

“For every human being who looks up at the moon in the nights to come will know,
that there is some corner of another world that is forever mankind.”

But we know the rest of the story: they departed and after another three boring days, they came back,
to a world forever changed.

Afterward: Apollo 13

Not until the Challenger disaster on January 28, 1986- the 24™" flight of the shuttle fleet- would an
American crew be lost in space. The closest call- an explosion in the service module of Apollo 13- would
instead be marked by a triumph of ingenuity by Mission Control and endurance by the astronauts as
they flew a wounded craft safely back to earth.

Conclusion

And what did we gain by this? The Apollo program brought a sense of human accomplishment, and
planetary fragility. It brought us transistors and Tang. It was a time for heroes, but also human foibles,
politics, and bureaucracies, because that’s the way life is: these too took us to the moon, and safely
home again.



Low-hanging fruit
As an engineer, balance of risk and reward
As a Public competition for hearts and minds, it was far less destructive

CapCom

More inspiring as a tale of

“Whitey’s on the moon”

Rocket staging

In order to be truly effective, rockets need to be staged. Most XXX of the weight of a rocket is fuel, but
once much of it has been consumed the weight of the increasingly-empty tanks becomes problematic:
the solution is to split the rocket into stages that fire sequentially, each with its own tanks and engines,
discarding them in sequence. In this way the later stages benefit from the speed imparted to them by
earlier ones without having to carry their weight. This also allows fuels and engines to be optimized for
their respective tasks and conditions of operation, such as the atmospheric pressure (or lack thereof)
encountered while firing.

Tracking stations and recovery



Timeline

Launch Passengers Craft Notes
date
10/4/57 --- Sputnik 1 FIRST SATELLITE
11/3/57 Dog Laika Sputnik 2 FIRST ANIMAL IN SPACE
12/6/57 - Vanguard TV-3 US launch failure
2/1/58 - Explorer 1 Detects Van Allen radiation belts
7/29/58 NASA created
10/7/58 Project Mercury announced
4/9/59 Mercury Seven astronauts announced
9/12/59 --- Luna 2 FIRST ARTIFICIAL OBJECT ON MOON
10/4/59 --- Luna 3 FIRST PHOTO OF LUNAR FARSIDE
7/60 Project Apollo announced
7/29/60 - Mercury-Atlas 1 Structural failure at T+1 min, destroyed
10/24/60 | --- Nedelin disaster Rocket explosion, pad destroyed
11/8/60 Kennedy and Johnson elected
11/21/60 | --- Mercury-Redstone 1 | 4” flight
1/31/61 chimp Ham Mercury-Redstone 2
2/21/61 - Mercury-Atlas 2 Successful suborbital flight
4/12/61 Yuri Gagarin Vostok 1 FIRST MAN IN SPACE (1 orbit)
4/25/61 - Mercury-Atlas 3 Failed to orbit, destroyed on command
5/5/61 Alan Shepard Mercury-Redstone 3 | Freedom 7: suborbital
5/25/61 Kennedy announces moon goal
7/21/61 Gus Grissom Mercury-Redstone 4 | Liberty Bell 7: suborbital
8/?/61 Gherman Titov Vostok 2 17 orbits
9/13/61 - Mercury-Atlas 4 Successful orbital flight
10/27/61 | - SA-1 Maiden flight of Saturn program
11/29/61 | chimp Enos Mercury-Atlas 5
Project Gemini announced
2/2/62 John Glenn Mercury-Atlas 6 Friendship 7: 3 earth orbits
4/25/62 — SA-2 Suborbital, dummy 2" and 3 stages
5/24/62 Scott Carpenter Mercury-Atlas 7 Aurora 7: 3 earth orbits
7/11/62 Lunar orbit rendezvous mission mode adopted
8/12/62 Various cosmonauts ‘ Vostok 3 and 4 ‘ 64 and 48 orbits
9/17/62 Next Nine US astronauts announced, incl Armstrong
10/3/62 Wally Schirra ‘ Mercury-Atlas 8 ‘ Sigma 7: 6 earth orbits
10/22/62 | Cuban missile crisis announcement
11/16/62 | --- SA-3 Suborbital, dummy 2" and 3 stages
3/28/63 — SA-4 Suborbital, dummy 2" and 3 stages
5/15/63 Gordon Cooper Mercury-Atlas 9 Faith 7: 22 orbits, manual reentry
6/12/63 Project Mercury completion announced
6/14/63 Tareshkova et al Vostok 5 and 6 First woman in space
10/18/63 | The Fourteen US astronauts announced, incl Aldrin and Collins
11/22/63 | President Kennedy assassinated; Johnson becomes President
1/29/64 — SA-5 First live S-IV 2" stage, orbital
5/28/64 - SA-6 First Apollo boilerplate CSM




8/4/64 - Gemini 1 First Gemini flight

9/18/64 --- SA-7

10/12/64 | 3 men, barely Voskhod 1 First 3-man crew

1/19/65 - Gemini 2 Suborbital heat shield test

2/16/65 - SA-9 3rd bplate CSM, Pegasus umeteoroid

3/18/65 Alexei Leonov, Belyaev | Voskhod 2 FIRST SPACEWALK (limited EVA)

3/23/65 Grissom, Young Gemini 3 Vehicle test

5/25/65 - SA-8 4th bplate CSM, Pegasus umeteoroid

6/3/65 McDivitt, White Gemini 4 First rendezvous attempt (unsuccessful)

7/30/65 - SA-10 Final Saturn 1 flight

8/21/65 Cooper, Conrad Gemini 5 8 day flight, first fuel cells

12/3/65 - Luna 8 Attempt soft landing on moon- crashed

12/4/65 Borman, Lovell Gemini 7 14 day flight

12/15/65 | Schirra, Stafford Gemini 6A FIRST SPACE RENDEZVOUS (with Gem 7)

2/3/66 --- Luna 9 FIRST SOFT LANDING ON MOON

2/26/66 - AS-201 First Saturn IB test

3/16/66 Armstrong, Scott Gemini 8 FIRST DOCKING, flight aborted

6/3/66 Stafford, Cernan Gemini 9A

7/5/66 - AS-203 Test LH2 in orbit for S-IVB restart

7/18/66 Young, Collins Gemini 10 Docked to and boosted by Agena

8/25/66 - AS-202 Suborbital test of Block 1 CSM

9/12/66 Conrad, Gordon Gemini 11

11/11/66 | Lovell, Aldrin Gemini 12 Fully successful EVA

1/27/67 Grissom, White, “Apollo 1” PAD FIRE- ALL KILLED
Chaffee

4/24/67 Soyuz 1 CRASH UPON REENTRY

11/9/67 - Apollo 4 First flight of Saturn V: all-up test

1/22/68 - Apollo 5 Earth orbital test of LM (Saturn 1B)

1/30/68 Tet offensive in Viet Nam

3/2/68 - Zond 4 circumlunar

4/4/68 Martin Luther King Jr. assassinated

4/6/68 - Apollo 6 Attempt TLI, direct return: engine

failures

7/15/68 Tortoises, mealworms | Zond 5 circumlunar

10/11/68 | Schirra, Cunningham, Apollo 7 Earth orbital CSM test (Saturn 1B) TV
Eisele

10/25/68 | (hoax crew) Soyuz 2 Uncrewed docking target

10/26/68 | Beregovoy Soyuz 3 First docking attempt (unsuccessful)

12/21/68 | Borman, Lovell, Anders | Apollo 8 FIRST CREWED FLIGHT TO MOON/ORBIT

2/21/69 - N-1 test Crash after launch, crew module OK

3/13/69 McDivitt, Scott, Apollo 9 Test CSM and LM in Earth orbit
Schweikart

5/18/69 Stafford, Young, Apollo 10 Dress rehearsal for lunar landing
Cernan

1/14/69 Shatalov et al Soyuz 4 and 5 FIRST CREW TRANSFER

Zond 6

failure




7/3/69 N-1 Pad explosion
7/16/69 Armstrong, Aldrin, Apollo 11 FIRST HUMANS ON MOON
Collins
Bibliography

Shoot for the Moon by James Donovan
Failure Is Not an Option by Gene Kranz

Apollo 13 by James Lovell

Wikipedia entries for Mercury Program, Gemini Program, Apollo Program, Mercury Seven, Ham, Enos,
New Nine, Mercury-Redstone, Mercury-Atlas, Titan Il, Saturn I, Saturn IB, Saturn V

YouTube entries for Vanguard TV-3, Four-Inch Flight, Kennedy “I believe that this nation”, NASA video
for Apollo 11



