
INTO THE BLACK

The Extraordinary Untold Story of the
First Flight of the Space Shuttle
and the Men Who Flew Her

Rowland White



For my brother Matthew




FOREWORD

Almost two decades into the twenty-first century, with the Space Shuttle programme now shut down and firmly in the history books, we all know how it turned out. In over 130 flights more than 350 men and women from many nations flew into orbit, the International Space Station was built, the enormously successful Hubble Space Telescope was placed on orbit, planetary explorers such as Cassini, Galileo and Magellan were sent to the planets, entire communication satellite constellations were created, important defence payloads were deployed. We also remember the high costs and of course the dramatic failures as well, the tragic loss of two crews and the Challenger and Columbia spaceships. Today Atlantis, Discovery, Endeavour and Enterprise all reside in museums across the USA.

But Rowland White’s book Into the Black goes way back before all that.

This book is actually several fascinating narratives in one, some of which have never been told before, set in a time when Apollo’s triumphal flights to the moon were still very fresh in the world’s mind. America was setting out, in the very depths of the Cold War, to develop an unheard-of capability: an enormous, mighty flying machine whose size was driven by classified national security payloads, and which would launch from Earth over and over again. She would operate in orbit doing many different jobs, first as a delicate spacecraft. Then, during a re-entry that would begin at Mach 25, she would slowly morph like a butterfly from a spaceship into an airplane, a gigantic glider; there would be one opportunity, and only one, for a nice landing. Nevertheless, there would be no crew escape capability: survival of the crew would rely on her ability to land safely on a runway. This new ‘Space Shuttle’ was to operate for several decades, and she would be built using many utterly new technologies, from complex computer systems to powerful but compact engines and lightweight thermal protection systems; the list went on and on.

And this enormous system, for the first time in the history of spaceflight, would launch on its very first mission with astronauts aboard at her controls, without the benefit of all the unmanned test flights that had preceded previous new manned space vehicles.

Of course this book is a personal story of the test pilots, the engineers, the managers and, yes, the politicians who came together to pull off the first flight of this iconic programme. Before the maiden flight, thousands and thousands of Americans all across the country, in manufacturing facilities and simulators and control centres, worked on the programme.

But Into the Black also tells the intriguing story of how two entire national space cultures meshed with each other, and sometimes collided. One, NASA, prided itself on operating in, and even inviting, the searing light of public visibility; the other was completely invisible to both the American and the Soviet public, operated by the National Reconnaissance Office. Although the NRO was cloaked in secrecy and its very existence was totally hidden from public view, it had played a vital daily role since the beginnings of the space programme in the strategic struggle with the Soviet Union and was developing and flying billion-dollar spacecraft with secret codenames such as GAMBIT, HEXAGON, DORIAN. It was out of this classified netherworld that several astronauts came to NASA from the Air Force’s Manned Orbiting Laboratory, after MOL was cancelled by President Nixon just weeks before the first Apollo landing on the moon. Eventually, these ‘MOL guys’ would become an important part of the backbone of the early Shuttle flights, most especially the first.

But most of all, this is a bang-up flying story. On a brilliantly bright, sunny Florida morning in April 1981, after years of training and waiting, two astronauts rode up the launch pad elevator, climbed aboard the mighty Columbia on launch pad 39A and proceeded to attempt what no one had done before. One, a grizzled space veteran of both Gemini and Apollo who had previously landed on the moon, the other a space rookie who had emerged from MOL. Both were veterans of at-sea carrier operations and were experimental test pilots. They had ridden this very elevator before, only to be frustrated by a launch scrub. This day had eventually come following years of delays due to failing test engines, thermal tiles and software redesigns. But finally, to them, this looked like the day.

With thousands of support personnel monitoring their every move and examining every bit of the telemetry streaming from the Shuttle on the pad, John Young and Bob Crippen were about to fly the first flight. For all their experience, neither had ever done anything like the first flight of the Shuttle was going to demand. For those of us who were somehow involved in that endeavour, we would eventually regard the Shuttle as the world’s greatest flying machine. At the time, we, and all of America’s friends and foes, were watching, but not a soul knew how it was going to turn out!

Richard H. Truly

Vice Admiral, US Navy (Ret.)


AUTHOR’S NOTE

Like most large organizations founded for a specific purpose, NASA loves an acronym and is fond of a contraction. Mostly this makes sense. It’s quicker and easier to talk about SRBs instead of solid rocket boosters, FRSI rather than felt reusable surface insulation, TPS as opposed to thermal protection system, and CapCom not Capsule Communicator. Sometimes there’s humour in an acronym: TFNGs was more polite than describing the 1978 astronaut intake as The F**king New Guys. Sometimes it can get a little excessive. PLT instead of Pilot is the one that springs to mind. To a general reader it can quickly become overwhelming. And so, while I’ve included a glossary, I’ve also made an effort not to use acronyms as freely as they appeared both in NASA literature and in the conversations I’ve had with NASA personnel.

Halfway through the story that follows, the home of NASA manned spaceflight in Houston changed name from Manned Spacecraft Center to Johnson Space Center. Needless to say, that meant it also changed from MSC to JSC. As often as possible I’ve done my best simply to refer to it as Houston.

Similarly, there is often confusion around Kennedy Space Center. Geographically, KSC is located on Merritt Island and not on Cape Canaveral which lies adjacent. An attempt to change the name of Cape Canaveral to Cape Kennedy never took root, but further confuses the issue. And yet the popular term ‘the Cape’ has become so synonymous with NASA and rocket launches that, although technically incorrect, I’ve chosen to use it and terms Kennedy, Kennedy Space Center and KSC fairly interchangeably. Apologies to those readers for whom this feels a little fast and loose.

Students of the Space Shuttle programme will also be aware that technically speaking the term ‘Space Shuttle’ refers not just to the familiar white and black spaceplane but to the whole launch assembly including the big fuel tank and twin rocket boosters. The spaceplane alone is correctly labelled the Orbiter. However, given that pretty much everyone understands the Space Shuttle to be the spaceplane with wings that lands on a runway at the end of the mission, I felt that maintaining this distinction was both pedantic and confusing, and have used the terms ‘Space Shuttle’ and ‘Orbiter’ interchangeably.

I’ve taken the same approach to dialogue as in my previous books. Where it appears in quotation marks it’s either what I’ve been told in interviews was said by those who were there, from contemporary recordings, or what’s been reported in previous accounts, official, unofficial, published and unpublished. Where speech is in italics – often drawn from places like standard operating procedures – it represents genuine dialogue taken from a general source to lend authenticity to a scene. Given the ceaseless training that ensured procedures were followed, I hope those involved will agree that it’s an accurate reflection of what was said at the time. Also in italics are characters’ internal thoughts. As with speech, these represent direct transcriptions of what I’ve been told by participants – or have read – that they were thinking at the time.

Much of the material in the latter part of the book remains deeply classified. Those with the required security clearances to tell the story are not permitted to talk about it. I’ve pieced together events from a wide variety of sources to produce an account that is the fullest and most accurate yet published. I’ve been reassured that this is the case; however, any mistakes are my own.

R.W.
Nant-y-Feinen, 2015
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TIMELINE


1957

Sputnik is launched
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1958

First US satellite, Explorer 1, is launched

Discoverer satellite programme announced
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1959

NASA is created

Mercury Seven astronauts announced
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1960

First re-entry capsule successfully dropped from orbit by a US satellite
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1961

John F. Kennedy becomes President

Yuri Gagarin is the first man in space

Alan Shepard is the first American in space

Aerospace Research Pilots School (ARPS) opens at Edwards Air Force Base

National Reconnaissance Office (NRO) is created
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1962

John Glenn is the first American in orbit

John Young selected to be an astronaut

X-15 rocket plane reaches space for the first time

Cuban Missile Crisis
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1963

Joe Engle joins the X-15 programme

First KH-7 GAMBIT spy satellite is launched

USAF Dyna-Soar spaceplane is cancelled

USAF Manned Orbiting Laboratory (MOL) space station programme is announced
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1964

Fred Haise, Dick Truly and Bob Crippen attend the Aerospace Research Pilots School

[image: image_missing]

1965

John Young flies his first space mission aboard Gemini III

Joe Engle earns his astronaut wings in the X-15

First group of MOL astronauts – including Dick Truly – announced
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1966

Joe Engle and Fred Haise join NASA

Bob Crippen joins the MOL programme

John Young flies his second space mission aboard Gemini X
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1967

Apollo I fire

Six-Day War in the Middle East

Ex-MOL pilot Mike Adams is killed flying the X-15

MOL pilot Bob Lawrence is killed in a plane crash at Edwards
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1968

2001: A Space Odyssey is released

Soviet tanks roll into Czechoslovakia

Apollo VIII flies around the moon
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1969

Space Task Group make recommendations for NASA post-Apollo

Hans Mark becomes Director of NASA’s Ames Research Center

First KH-8 GAMBIT spy satellite is launched

John Young orbits the moon on board Apollo X

USAF Manned Orbiting Laboratory programme is cancelled

Apollo XI – Neil Armstrong becomes the first man to walk on the moon

Bob Crippen, Dick Truly and five other MOL astronauts join NASA
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1970

Apollo XIII survives an in-flight explosion on its way to the moon

NASA cancels all lunar missions beyond Apollo XVII

NASA and USAF sign their first agreement on the Space Shuttle
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1971

Apollo XIV flies

First KH-9 HEXAGON spy satellite is launched

Soviet Union’s Soyuz 11 crew are killed on re-entry

Rocketdyne wins contract to build the Space Shuttle’s main engines

Apollo XV flies

Joe Engle is replaced on the crew of Apollo XVII by geologist Harrison ‘Jack’ Schmitt

The Space Shuttle’s basic layout is settled

Development of the KH-11 KENNEN digital spy satellite is approved
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1972

President Nixon approves the Space Shuttle programme

Ames Director Hans Mark warns of the diffculties in developing the Shuttle’s heatshield

Deep space probe Pioneer 10 is launched

John Young commands Apollo XVI moon mission

Wernher von Braun retires as Director of Marshall Space Flight Center

North American Rockwell wins the contract to build the Space Shuttle

Apollo XVII – the last lunar mission – flies
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1973

Apollo-Soyuz crew announced

Manned Spacecraft Center at Houston is renamed Johnson Space Center

Skylab is launched

National Reconnaissance Office uses a spy satellite to take pictures of Skylab in space

Pioneer 11 is launched
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1974

Alan Shepard, the first American in space, retires

John Young becomes head of the Astronaut Office

Construction of the first Space Shuttle prototype begins

[image: image_missing]

1975

First ignition of the Space Shuttle main engines

Joint US/USSR Apollo-Soyuz mission flies
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1976

George Abbey becomes NASA’s Director of Flight Operations

Kremlin authorizes development of a Soviet Space Shuttle

Crews for Space Shuttle Approach and Landing tests at Edwards AFB are named

NASA’s first Gulfstream Shuttle Training Aircraft is delivered

Roll-out of Enterprise, the first Space Shuttle prototype

First flight of NASA’s Boeing 747 Shuttle Carrier Aircraft

First NRO KH-11 KENNEN digital spy satellite is launched
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1977

Jimmy Carter becomes President

First run of Shuttle main engine at 100%

Hans Mark becomes Under-Secretary for the Air Force and Director of the NRO

Star Wars movie is released

Deep space probes Voyager 1 and Voyager 2 are launched

First flight of Space Shuttle Enterprise at Edwards AFB
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1978

John Young and Bob Crippen announced as crew for STS-1, the first Space Shuttle flight into space

Thirty-five new astronauts join NASA

Skylab rescue mission cancelled

Massive fire at Space Shuttle main test stand
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1979

Roll-out of Space Shuttle Columbia

SALT II treaty signed

James Bond film Moonraker is released

Fred Haise retires from the Astronaut Office

Skylab burns up on re-entry

Columbia is delivered to Kennedy Space Center
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1980

NASA awards contract for on-orbit tile repair kit to Martin-Marietta

Iranian hostage rescue attempt fails

Columbia is mated to the external tank and solid rocket boosters

Bob Crippen undergoes training for on-orbit tile repair

Columbia is moved to the launch pad

[image: image_missing]

1981

Ronald Reagan becomes President

Iranian hostages are released

Hans Mark nominated as NASA’s Deputy Administrator

Two pad-workers die from nitrogen poisoning at Kennedy Space Center

Assassination attempt on Ronald Reagan

First flight of Space Shuttle Columbia




PROLOGUE

The Next Generation





‘The Shuttle is to space flight what Lindbergh was to commercial aviation.’

Arthur C. Clarke






Houston, 1969

DOTTIE LEE’S MOTHER thought it was unusual for her ten-year-old daughter to display such a love of classical music. That, though, seemed positively conventional next to Dottie’s keen interest in astrophysics. Growing up in New Orleans in the 1930s, Dottie had known that there would one day be men on the moon. Now, thirty years later, she was working as an engineer at Houston’s Manned Spacecraft Center and the prospect of Neil Armstrong and Buzz Aldrin realizing that goal was just months away. After graduating with a degree in Mathematics in 1948, Lee had trained on the job under Houston’s Chief Engineer, Max Faget. Part of the team working on the heatshield that would protect the Apollo XI crew as they returned to Earth, she was already anticipating the celebrations that would mark their safe return.

On 1 April 1969, Lee took a phone call from Faget’s office asking her to report to a room on the third floor of Houston’s Building 36. She was told not to tell anybody where she was going. Lee arrived to discover around twenty other people gathered in a large room untidily stacked with chairs, boxes and other bits and pieces it seemed no one knew what else to do with. Alongside Lee, with her discipline of aerothermodynamics, there were representatives of all the centre’s different engineering departments. No one from this team, which had, with Apollo VIII, already successfully flown a manned mission around the moon, had any idea what they’d been invited for. The best guess was that it was some kind of ambitious April Fool’s Day practical joke.

The group weren’t waiting for long before Max Faget walked into the room. Carrying a garment bag, the impish Chief Engineer, 5ft 6in in his bow tie, jumped up on to a desk in front of them. Lee had seen this kind of thing before from her boss. Faget was prone to performing headstands whenever and wherever he thought he needed to get the blood flowing to his brain, seemingly unconcerned about his pockets emptying noisily on to the floor. Standing on the desk, Faget unzipped the bag and pulled out a handmade balsawood and paper model aeroplane. Hand-finished spars ribbing the cigar-shaped fuselage and straight wings were visible beneath the model’s translucent pale brown skin. At the front was an upturned snub of a nose; at the back a pair of vertical fins mounted at each end of the horizontal tail. It was a shape unfamiliar to those watching the performance, and Faget was keen to explain it to them.

‘It’s stable in two attitudes,’ he declared in his syrupy Cajun accent. ‘Zero degrees angle of attack …’

The designer raised the model in his hand then launched it from on top of the desk, watching it fly gently across the room before skittering over the hard floor. One of the audience retrieved the model and returned it to Faget. So far, so unremarkable.

‘And,’ Faget continued, lining up his creation by eye before launching it again, nose high and tail low, ‘sixty degrees angle of attack.’

Instead of flying horizontally, nose first, the glider presented its underside to the direction of travel, not so much flying as falling forward through the air. But it was doing so in as settled and undramatic a fashion as it had when it was flying more conventionally. To a gathering of NASA engineers, Faget’s point was clear: this was a winged aeroplane capable of re-entering the atmosphere from space as safely as the blunt-bodied capsules that had so far returned America’s astronauts to Earth.

‘We are going to build the next-generation spacecraft,’ Faget told them.

Space Shuttle Columbia, 1981

After the violence, fire and thunder of launch, there was no wind noise, nor engine noise, no force nor acceleration. But Columbia, the world’s first reusable spacecraft, was travelling three times faster than any other winged flying machine in history, orbiting over 100 miles above Earth at a speed of 17,500 mph.

Inside it was quiet, except for the reassuring hum of cooling fans. Bob Crippen, the Space Shuttle’s Pilot, made his way back to the aft crew station, the control panel built into the rear bulkhead of the flight deck, to test the mechanism of the big payload bay doors that ran the length of the spacecraft’s back from flight deck to tail. Here we go again, he thought as he anticipated a job he’d repeated to the point of tedium in training; but then, slowly propelling himself backwards, careful to keep his head level and feet on the deck, he realized he wasn’t really walking at all. He reached his position on the starboard side of the crew station and turned to John Young, Columbia’s Commander, standing next to him. ‘You know,’ Crippen said, ‘this feels like every time I’ve done it in the simulator, except my feet aren’t on the floor …’

Young smiled. A veteran of four previous spaceflights including command of the Apollo XVI moon mission, Young may have been NASA’s most senior astronaut but he’d lost none of his enthusiasm for space travel. He loved the feeling of weightlessness. Who wouldn’t? he thought, convinced that if there was no danger of breaking bones, everyone would be whirling around their living rooms.

Young floated forward again as Crippen monitored the slow progress of the payload bay doors on a pair of fore-and-aft-pointing closed-circuit TVs. Nearly a minute after the doors cracked uncertainly into action, Crippen was afforded a clear view aft through the big windows in the rear bulkhead of the flight deck. Looking across the payload bay towards the back of the Orbiter, he noticed an ugly peppering of black on the otherwise smooth white curve of the rocket pod that flanked Columbia’s vertical tail. Uh-oh, he thought.

‘Hey, John,’ he called to the mission Commander, ‘come and take a look at this.’

To protect her from the blast furnace heat of re-entry, Columbia was covered in a dense mosaic of lightweight silica tiles, each unique, each fitted tightly against its neighbours. The integrity of the tiled heatshield was critical to the spacecraft’s survival. If it was lost or compromised, there was no way home. When they plunged back into Earth’s atmosphere, neither Columbia nor her two-man crew could hope to survive temperatures of nearly 3,000°F – hot enough to melt steel.

And Crip had just discovered there were tiles missing from the heatshield.

In Houston’s Building 13, home to the Structures and Mechanics Division responsible for Columbia’s heatshield, Dottie Lee was watching the first television images beamed back from the new spacecraft with a small group of colleagues. They stared at the black scars on the Shuttle’s rocket pod. At first people were too shocked to say anything. Then there was just one question on people’s lips: ‘Can they come back?’

And Dottie realized she was crying.



PART ONE

In and Out of the Shadows





‘There wasn’t going to be a British space programme. The Russians weren’t going to put people on the Moon, and it was putting people out there that was important. We understand environments through experience, not robot telemetry. All my hopes for a science-fiction future, for performing the exploration the human being is hardwired for, were pinned on the American space programme.’

Warren Ellis




ONE

21 February 1962

LIEUTENANT COMMANDER JOHN Young was strapped into the cockpit of the McDonnell F-4H-1 Phantom II. His breath condensed into thick clouds as he exhaled into the cold, dry air. It was just 8°F. The bitter temperature was no accident, however. The average in Brunswick, Maine, in February sat well below freezing. Cold air, though, meant denser air. And that gave the thin wings and spinning turbines of the big Phantom’s two turbojet engines more to bite on. Cold air gave Young the leg-up he needed if he was going to be able to add to the clutch of world records already held by the Navy’s impressive new interceptor. Not that he was relying solely on the weather. To save weight he was flying the two-seat jet alone. The weapons systems had been stripped out along with many of the cockpit instruments. Parts of the aluminium airframe – including the speed brakes – had been replaced with balsawood, and the F-4’s two General Electric J79 engines had been uprated to provide extra thrust. That, though, came at a cost in fuel consumption. And to further save weight, Young would begin his take-off roll with just 1,800lb of fuel in the tanks. In full afterburner, those two J79s were going to guzzle that in barely thirty seconds. But that was all the time Young needed to streak to a height of 3,000 metres (a little under 10,000 feet) faster than any aircraft had ever done before.

After closing the canopy, Young started the engines, scanning what remained of the instruments for any signs of trouble. It all looked good. Ahead of him, through the cockpit glass, was a mile and a half of asphalt runway more used to the comings and goings of the Navy’s lumbering propeller-driven patrol aircraft. He was barely going to need a fraction of it.

With his gloved left hand, he advanced the two throttle levers to full military power, then on through the gate to light the afterburners. Cold fuel sprayed into the exhausts and the Phantom, spears of flame shooting backwards from beneath the tail, strained against the holdback bolt. Instead of wasting fuel as she accelerated down the runway, the Phantom was being held until, with the engines throwing out a maximum 32,500lb of thrust, the fuel levels fell to 1,800lb. Young watched the fuel gauge until, when the needle hit 1,800, the jet, released, leapt forward like a bullet from a gun.

Thirty-three and a half seconds later, as the Phantom soared through the 3,000-metre mark, still climbing steeply at an angle of 60°, the thirty-one-year-old US Navy test pilot in the cockpit wrote his name into history for the first time.

Young was brought up poor. His father, Hugh, a civil engineer, was laid off during the Great Depression and moved his family back to Georgia where he pumped gas at a filling station for a few dollars a day. When John was five the family moved on to Orlando after his father found new work. But then, a family that had already endured its fair share of hardship was struck again.

Halfway through his first school year in Florida, John’s mother, suffering from schizophrenia, was taken away in a straitjacket to Florida State Hospital in Chattahoochee. He hadn’t even known she was unwell, but she never returned from the asylum. Yet despite permanently losing his mother to illness, Young prospered, inheriting an intuitive talent for engineering from his father. And he lived and breathed aeroplanes, reading obsessively about heroes like Charles Lindbergh, Eddie Rickenbacker and Jimmy Doolittle, augmented by science fiction such as Flash Gordon, Buck Rogers and Edgar Rice Burroughs’ influential John Carter of Mars. A straight-A student at Orlando High School, Young seemed to excel in whatever he put his mind to, from athletics to physics. It was to take him to Georgia Tech on an ROTC scholarship and a BSc in Aeronautical Engineering, before he joined the Navy which, in its wisdom, instead of sending him to flight training, informed him he’d be joining the crew of the destroyer USS Laws as a gunnery officer.

Bitterly disappointed, he endured a frustrating tour aboard the Laws firing 5-inch shells into North Korean positions before finally being assigned to flight school in 1953. After earning his wings of gold as a naval aviator he joined a fleet fighter squadron before going to test pilot school at Naval Air Station Patuxent River, Maryland – a site, as a naval aviator, he regarded as hallowed ground. When he graduated second in his class in 1959 he was singled out for the Navy’s new F-4 Phantom. A hot ship, the F-4 had already been setting new speed and altitude records for a couple of years before Young was chosen as one of the five pilots for Project HIGH JUMP, the US Navy’s attempt to seize a raft of time-to-climb world records from the Air Force. He thought such an impressive demonstration of the fighter’s performance might give the Russians pause for thought about invading Western Europe. Soon HIGH JUMP would give him an opportunity to assert his country’s superiority in an entirely different arena.

With the 3,000-metre record in his pocket, Young landed back at Naval Air Station Brunswick and climbed out of the cockpit. Afterwards, the range trackers told him that the whole thing had happened so quickly they thought it had probably been easier to fly the Phantom than try to track it. In a southern-country-boy drawl, Young told them: ‘It’s not like flying as much as it’s like riding a rocket!’

It was a notion fresh in the minds of everyone involved in Project HIGH JUMP as they worked through the bitter cold to prepare the Phantom for a second flight, an attempt on the 6,000-metre record. Just a day earlier, on 20 February, a Marine Corps fighter pilot called John Glenn had blasted off from Cape Canaveral in Florida on top of a man-rated Atlas missile to become the first American to orbit the Earth. The space race was in full cry. And, despite the success of Glenn’s mission, the United States was playing catch-up.

The Soviets had been first out of the blocks when, in October 1957, a Soviet R-7 intercontinental ballistic missile launched a small satellite called Sputnik into an orbit that saw it fly over the continental United States several times a day. To the American public it was both a humiliation and a threat. It felt as if the race had already been lost. And what had been a relatively leisurely pursuit of spaceflight by all three branches of the country’s armed forces became a national priority. On 1 October 1958, the National Advisory Committee for Aeronautics (NACA) became NASA, the National Aeronautics and Space Administration. Before the end of the year the United States launched an orbiting satellite of its own and a Space Task Group was set up within NASA at Langley; their job was to direct a manned spaceflight programme. With thirty million dollars’ worth of funding they began work on developing a small, one-man space capsule they christened Mercury. In April 1959, John Glenn and six other military test pilots were introduced to the world as the men who would be America’s first astronauts. The Mercury Seven. A half-million-dollar deal with Life magazine was to see them become some of the most famous people in the country. It seemed as if, after the disappointment of Sputnik, the American programme was back on track. Until, in April 1961, Soviet cosmonaut Yuri Gagarin became the first man in space, completing a single orbit of the Earth inside his tiny Vostok 1 capsule.

In reply, NASA just managed to poke its nose into space by firing Mercury astronaut Alan Shepard above the atmosphere in a brief, fifteen-minute sub-orbital flight before, on 25 May 1961, the new President, John F. Kennedy, stood up in a special joint session of Congress to announce the goal of putting a man on the moon and returning him safely to Earth before the end of the decade. The excitement that surrounded John Glenn’s orbital flight in February 1962, followed by the President’s visionary speech at Rice University later that year, in which he again sold the idea of a moonshot, seemed to reassure the public that NASA was on its way.

John Young wanted to be part of it. Not only did he believe that joining the space programme would be the best way to make use of his considerable skills as a test pilot, he was also curious about what they’d find when they got there. He applied to NASA and was called to Houston for interview in June 1962. Asked by the selection panel what he thought astronauts needed to study before travelling to the moon, he answered, ‘Geology.’ It was the kind of response that illustrated, to those who knew him, that there was a good deal more to Young than that laconic drawl might suggest.

Three months later he got a call from NASA asking if he was still interested in becoming an astronaut.

‘Yes, sir, I am,’ he said.


TWO

WHEN SPUTNIK CAPTURED the world’s imagination, Robert Laurel Crippen couldn’t help but feel a twinge of envy. He was in his sophomore year at Sam Houston State University in Huntsville, Texas. Crippen was fascinated by the Soviets’ achievement. As a freshman, he’d written an English paper on rockets and space, but now, still at college, he was frustrated at the timing of the little satellite’s launch. Manned spaceflight would surely follow, and there were others just a few years older than he was, he realized, who would get to fly in space before he was ready.

Crippen’s father was an oil worker who, after losing a couple of fingers in an accident, used his insurance money to buy a chicken ranch in the small town of Porter, Texas. In time, he and his wife added a service station and beer joint, called it Crippen’s, and hung a neon sign outside. He’d been up in an aeroplane once, but decided it wasn’t for him. His reluctance didn’t stop him driving his five-year-old son out to the perimeter fence at Houston’s Hobby Airport to watch the airliners take off and land, however. On one occasion a stewardess spotted them and asked, ‘Do you want to take a look?’ She invited father and son through a gate to a parked-up DC-3. They climbed through the rear door and walked up the taildragger’s sloping floor to the cockpit. The boy sat in the captain’s chair and took it all in. Bob Crippen wondered if it had been that first encounter that spurred his interest in aviation.

After high school, the young Crippen worked as a railroad switchman and served meals in a boarding house to help pay his way through college. But by now he had very clear goals in mind. He was studying for a degree in Aerospace Engineering at the University of Texas when the names of NASA’s Mercury Seven astronauts were announced. I’d like to do that, he thought and, noting that all were test pilots, decided to join the Navy because he believed it would make him the best pilot he could possibly be. At least, he figured, if I can land on one of those aircraft carriers, I certainly wouldn’t be too bad.

He climbed aboard an aeroplane for only the second time in his life when he took a seat on a Trans Texas DC-3 going from Austin to Dallas to join the Navy. This time, though, it was going to take off. He’d imagined it often enough, now Crippen was going to fly.

While Sputnik had inspired Bob Crippen’s thoughts of spaceflight, the reaction of the Air Force to the Soviets’ pioneering efforts in space was rather more belligerent. As the Navy taught Crippen to fly in a little piston-engined Beech T-34B Mentor with a maximum speed of just 188 mph, the Air Force, stung by Sputnik, was issuing the country’s aircraft manufacturers with a flurry of increasingly ambitious requests for proposals – RFPs. Among the first was one for a Strategic Orbital System. The study was completed and submitted before quickly being followed by an invitation to tender for a Strategic Lunar System. Again, competing bids were submitted. But when that was followed with an RFP for a Strategic Interplanetary System, engineers at the Hughes Aerospace Company were incredulous. The whole idea of projecting power from deep space seemed so absurd that Hughes chose not to produce a proposal, only to prompt a phone call from the Pentagon demanding that they take part. Across the Atlantic, even the Royal Air Force were discussing their own plans for Near Space Control and Far Space Control. As far as the free world’s military were concerned, Sputnik had created a new battleground upon which they must now be ready to fight.

They were swimming against the tide. In January 1958, three months after the launch of Sputnik, President Eisenhower suggested a bilateral agreement between the United States and the Soviet Union ‘that outer space should be used only for peaceful purposes’. Then, in February the same year, he appointed a Science Advisory Committee to define the nation’s space programme. In the committee’s report, ‘An Introduction to Outer Space’, while there was an acceptance that defence was part of the jigsaw, the emphasis was on exploration, science and prestige. NASA, a civilian agency ‘devoted to peaceful purposes for the benefit of mankind’, was the result.

But the creation of the new agency did nothing at all to dampen the ambition of the Air Force to carve out its own place in space. And if Sputnik had sparked the flying branch’s nascent space efforts, Yuri Gagarin’s first manned spaceflight in April 1961 fanned the flames. In the same month that Kennedy first talked of putting a man on the moon, the Air Force published a detailed 200-page proposal for their very own military moon mission, dubbed LUNEX. Inside were designs for lunar landers and re-entry vehicles, flowcharts mapping out the route from ‘Preliminary Design’ to ‘First Operational Launch’, flight-testing schedules, comprehensive equipment manifests, and personnel requirements from aerospace pilots to diet supervisors. The training of the crew required a programme ‘unique to the Air Force’. The foreword to the Lunar Expedition Plan pointed out the ‘dire need for a goal for our national space program’. The country now had that. And it didn’t need the threat drawn by the Air Force that by the early seventies Soviet ‘military facilities may have been established on or in orbit around the moon’ for it to embrace that goal.

Yet the Air Force’s interest in space was not entirely unreasonable. In 1961, it remained essentially uncharted territory. And, in a speech to the American Ordnance Association in October that year, the cigar-bothering Air Force Chief of Staff, General Curtis LeMay, explained why:

Looking back at the history of airpower, you will recall the first use of the airplane in World War I was for reconnaissance. For a time air operations were conducted politely and with chivalry. Opposing pilots waved and nodded to each other as they passed. Both sides had equal access to the sky. But once reconnaissance began changing the course of battles, the rules changed. It didn’t take long before commanders realized that it was necessary to deny the opposition this aid from the sky. Soon opposing airmen were engaged in battle. First it was air-to-air bombs and small arms. Then they graduated to the machine gun. After this came bombers and aerospace had become another area of conflict. I think we will be very naive if we don’t expect and prepare for the same trends in space.



Thoughts of war in space were far from Bob Crippen’s mind when he joined attack squadron VA-72 ‘Blue Hawks’ in the summer of 1962. It was enough of a challenge closer to Earth. Not long after joining the unit, the young naval aviator took off wearing a thick rubberized immersion suit for the first time. The ‘poopy suit’ was designed to protect pilots who were forced to eject over cold water. The four Douglas A-4 Skyhawks climbed out from Naval Air Station Oceana with ordnance slung under their wings and headed out to sea – the division was practising its bombing. Crippen rolled into a dive towards the floating target. Tracking the pipper in the little jet’s bombsight, he pressed the bomb release and pulled up, but, made ham-fisted by the heavy, unfamiliar poopy suit, he snatched back on the stick too forcefully. He was immediately mashed back into his ejection seat, the Skyhawk pulling 8.5gs as her nose came up over the horizon. It was too much, ripping a slat off the starboard wing. He nursed the shaken jet back to base, but got saddled with the nickname ‘Slats’. (He was luckier than ‘Leaky’, the squadron mate who, caught short in the cockpit, managed to pee into his leather flying glove without spilling a drop.) In the end, though, ‘Slats’ didn’t stick. Everyone just knew the tanned, brown-eyed Texan with the crewcut as Crip.

After his first night landing aboard an aircraft carrier he thought, I can do just about anything. For a while, as he flew from the deck of the Navy’s Forrestal Class aircraft carrier, USS Independence, during the Cuban Missile Crisis, it looked like that might include war. Test-flying, though, remained his goal, and he filled in the application form in 1964. It offered him a choice: do you want to go to the Navy’s test pilot school at Patuxent River? Or would you be prepared to go to the Empire Test Pilots School in the UK, or train with the Air Force instead? He figured the odds of getting in were better if he said yes to all three of them. When his orders came through telling him he’d been posted to Edwards Air Force Base he was surprised to discover he’d be a student at an outfit called the Aerospace Research Pilots School – I thought I was going to test pilot school. The syllabus, he learned, included spaceflight. And one of the instructors on the space dynamics and control course was a young Navy pilot who, like Crip, had only just over a year before been flying off carriers during the Cuban Missile Crisis. His name was Lieutenant Dick Truly.


THREE

Edwards Air Force Base, 1963

WHEN DICK TRULY arrived at Edwards with his wife, Cody, two young sons and the family dog after a long cross-country drive, he felt like a cowboy just arrived at IBM. There were few places in the world that were more glamorous than Edwards. Like Peyton Place, thought Truly. The vast air base, scratched on to the Mojave Desert alongside the endless runways provided by Rogers Dry Lake Bed, was teeming with young couples glowing in the face of their illustrious profession: flying and testing the world’s most advanced, high-performance aircraft. Instead of training at the Navy’s own test pilot school at Pax River, an exchange programme saw Truly chosen as one of two Navy students at the Air Force’s new Aerospace Research Pilots School. After feeling top of the heap flying supersonic F-8 Crusaders off pitching carrier decks, Truly knew he was back at square one; a nugget, as the Navy put it. Even putting aside the exotic flying machines – nearly every one of which had at some point claimed a world record – everything at Edwards was newer and more state-of-the-art, from the blue trucks that ferried people around to the ‘bricks’, walkie-talkies possessed by everyone on the flightline. The F-8 had been the best the Navy had to offer, but this was something else. He had come a long way from Fayette, Mississippi, the segregated town of just 1,000 people where he’d grown up.

Dick, Cody and the rest of the students of Class 64A and their wives were greeted in the school’s lecture theatre by the Commandant. It wasn’t a sight to inspire confidence in choosing ‘Test Pilot’ as a vocation. Colonel Chuck Yeager strode on stage wearing full dress uniform, his chest adorned with coloured ribbons in recognition of an extraordinary flying career. Beyond that, though, he was looking pretty beat up. America’s most famous test pilot welcomed the group to Edwards while sporting a fresh bandage around his neck. The left side of his face was still raw from a month spent in hospital having scabs scraped off it every four days to prevent scarring. His left arm was suspended in a sling. His audience soon got to see what had done the damage.

From the auditorium, they were taken to the school’s hangar. On the floor lay the crumpled wreckage of the Lockheed NF-104 AeroSpace Trainer in which, just weeks earlier, Yeager had lost control while trying to add the world altitude record to his résumé, alongside ‘WWII ace’ and ‘first man to break the sound barrier’. After he’d punched out, Yeager’s rocket ejection seat had smashed through his helmet visor, igniting the oxygen he was breathing. Suffocated by smoke and well-nourished fire, he hung beneath his parachute trying to shovel air in through the broken faceplate using his gloved hand. He succeeded only in setting that on fire too. Not until he managed to push open the visor was he able to shut off the oxygen and extinguish the flames. But by the time he hit the ground he was a mess. When the rescue helicopter reached him, the black rubber lining of Yeager’s helmet had bonded to his face, and in removing the remains of the glove from his burned hand with a penknife, he had also managed to pull off the broiled tips of two fingers.

America’s most celebrated test pilot had been attempting to soar beyond 120,000 feet, a height at which a normal aeroplane has long since ceased to be controllable because of the thinness of the air. Built specially for the school, the AeroSpace Trainer was half aircraft, half spacecraft, though. A standard F-104 Starfighter, fitted with a 6,000lb-thrust LR-121 rocket in the tail to provide power as the jet engine struggled for breath, and small puffer jets to provide attitude control in the stratosphere, the NF-104 could be flown where aerodynamic flight controls no longer functioned. But then it didn’t feel like flying any more, and Yeager’s accident had highlighted that. The great aviator’s legendary feel for an aeroplane was no longer of any use to him. To equip them to succeed in test-flying’s emerging new world, Yeager’s students needed to be taught new skills. The syllabus of the year-long course was designed first to teach the students to be test pilots. Then to be astronauts.

The Aerospace Research Pilots School had come into being in 1961, just months after Alan Shepard and Gus Grissom had between them accumulated a grand total of just fifteen minutes in sub-orbital space. There were reminders everywhere that this was still largely an unknown arena. The students had no printed textbooks. Instead, typed, sometimes handwritten, study notes were collected in ring-bound files. Much focus was placed on biomedical research and the potential effects of spaceflight on the human body. Before being accepted by the school, each of the students had spent a week at Brooks Air Force Base near San Antonio, Texas, being prodded, probed and measured. As students they returned to Brooks to endure capillary-bursting rides in a centrifuge designed to replicate the g-loads astronauts were expected to be subjected to on re-entry. They began with two minutes at 8g, then thirty seconds at 12g, during which each part of their body weighed twelve times what it should – forces that would rip the wings off an aeroplane. As they spun, the students used a hand controller to move lights on the instrument panel to the centre of a display to prove they were still conscious – a task complicated by the effort to make sure they didn’t swallow their tongues. They finished with a run to 15g and back. It earned each of them membership of the Order of the Elephant and a certificate illustrated with a picture of an elephant standing on a man’s chest. That gave a pretty good idea of what it had felt like.

They trained at the other extreme, too, in a zero-g environment, for the weightlessness they would experience in space. Inside a modified Boeing KC-135 tanker-transport, twenty airline-style seats were separated with cargo netting from an empty section of cabin at the back lined with thick crash pads. The big four-engined jet was flown in a series of climbs and dives, and as it bunted over the top of each parabola the passengers in the back would enjoy the sensation of zero gravity for thirty to forty seconds before a series of flashing lights triggered by the pilot signalled that the KC-135 was pulling out of the dive. Before their first flight the instructor warned them that they would fall into two groups: those who’d been sick and those who would be. Not for nothing was the jet known as the ‘Vomit Comet’. In the end, though, they were having too much fun floating around, bouncing off the walls and each other, to remember to puke. Since arriving at Edwards, flying as a passenger had become a novel experience for Class 64A.

When he arrived at Edwards, despite being certain that the F-8 Crusader was the best flying machine there ever was, Dick Truly soon discovered there was a good deal more on offer. The rule was that you could only be current on five types of aeroplane. The reality was that if there was another machine you wanted to fly, the paperwork could be done the night before: one in, one out, though the total never exceeded five. Truly and the other students flew and flew. During the first half of the course it was often T-33 and T-38 trainers, but Truly also added powerful Century series fighters like the F-100 Super Sabre, F-101 Voodoo and F-106 Delta Dart to his burgeoning logbook. There was bigger iron on offer too in the form of a twin-engined NB-57 Canberra bomber, a piston-engined B-26 for stability and control training, and even the C-130 Hercules four-engined turboprop cargo plane. By the end of six months’ flight-testing the F-8 still had its claim on Truly’s affections, but he now understood its strengths and weaknesses. Then, as he and his fellow students moved from test-flying to space training, there was one machine which, while it may have failed to impress the USAF as an interceptor, was practically tailored to the requirements of training Air Force astronauts: the Lockheed F-104 Starfighter, the only aircraft ever to have simultaneously held the world records for both speed and altitude.

On the ground, the class studied orbital mechanics, the mathematics of calculating satellite movements, biomedicine, spacecraft design and aerothermodynamics. They also ‘flew’ the school’s ground-based GPS T-27 simulator, in which they could practise orbital manoeuvring, rendezvous and docking in a facsimile of a spacecraft.

It seemed to be doing the trick. Ten graduates from the Edwards test pilot school had already been accepted into the ranks of NASA’s astronaut corps. Another, Captain Joe Engle USAF, would soon be earning his astronaut wings elsewhere.


FOUR

JOE HENRY ENGLE loved airplanes. Really loved airplanes.

His first memory of growing up in Chapman, Kansas, in the 1930s was of his sister building him a model plane out of tin can. He dug sandpits for cockpits, kitting them out with cans for instruments and a branch for a control column. His weapon of choice was the Curtiss P-40 Warhawk. After watching a movie about the exploits of the Flying Tiger Squadron in China he decided that was all he ever wanted to do. Joe was still a boy when the war ended and, as happy as he could see that made people, tearing at him was the thought that he’d never get to be a fighter pilot and shoot down Japanese Zeroes. But he could still fly.

Fair-haired and hazel-eyed, Engle chose to study Aeronautical Engineering at the University of Kansas while during the summers he worked as a draughtsman at the Cessna Aircraft Company in Wichita. That was where he learned to fly, buying an hour of flying time for every eight hours’ work he did clearing up at the local airport after he’d finished his day at Cessna. After graduating, Engle had to wait nine months before getting a slot at Air Force flying school. He used the time predictably enough: building an aeroplane with the Cessna supervisor who’d taught him to fly. They constructed the wings in the garage, the fuselage in the living room and the tail in the spare bedroom; the kitchen was used for engine testing. When the whole thing was finished, they rolled the fuselage outside, attached the wings, and took off from the street outside.

By the end of the fifties, Engle, a lean, loose-limbed six-footer, was a fighter pilot. Assigned to a new squadron, the 474th, based at George Air Force Base in the Mojave Desert, he was flying a former world air speed record holder in the shape of the North American F-100 Super Sabre, the first fighter in the world capable of travelling faster than sound in level flight. The squadron’s primary mission was air defence and, even as a young Second Lieutenant, Engle’s talent was sufficiently evident that he was made a designated flight leader. Whenever he could he’d lead a flight of F-100s up into the skies over Death Valley to practise dogfighting. He might have missed out on the Flying Tigers but Joe Henry Engle was doing the things he’d dreamt about day and night his entire life.

The icing on the cake was that the 474th shared the George flightline with another F-100 squadron commanded by a pilot Engle had previously only admired from a distance: Colonel Chuck Yeager. Engle would sit in the squadron ops block just watching the way Yeager walked out to his jet with his parachute. He tried to emulate Yeager’s fearless rolling gait, and if he knew Yeager was briefing his squadron he’d slip into the back of the room just to hear his distinctive drawl. Nobody, thought Engle, can talk like a West Virginian, but it didn’t stop him trying. Growing increasingly confident, Engle once made the mistake of attempting to bounce an unsuspecting Yeager in the air. Spotting two Super Sabres returning to George from the north-east, the young fighter pilot set up his own four-ship flight to attack. Following his lead, the four 474th jets rolled in, only to have their asses handed back to them by Yeager and his wingman. It was a lesson learned, but it got Engle noticed.

Engle’s logbook needed to show 1,500 hours of flying before he was eligible for test pilot school. On days off, at weekends, he made it up any way he could, pulling gunnery targets in P-80 Shooting Star jets and prop-driven B-26 Invaders, or ferrying gunnery range officers to and from their observation posts at dawn in George’s old high-winged De Havilland Beaver bush plane. In Engle, Yeager recognized something of a kindred spirit. ‘For the best pilots,’ he maintained, ‘flying is an obsession, something they must do continually.’ Yeager recommended Engle for test pilot school at Edwards.

After graduating, Jovial Joe stayed on at Edwards, assigned to the Fighter Test Operations division where he took part in an evaluation of a new subsonic attack jet designed for close air support: Cessna’s YAT-37 Dragonfly. He was loving every minute, but in the wake of Gagarin’s first spaceflight it seemed clear where
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20. The MOL Guys. The seven refugees of the cancelled Air Force space station programme joined NASA in 1969. From left to right: ‘Bo’ Bobko, Gordon Fullerton, Hank Hartsfield, Bob Crippen, Don Peterson, Dick Truly and Bob Overmyer.

[image: Apollo XVI Commander John Young gives a ‘big ol’ Navy salute’ while leaping from the surface of the moon in April 1972. Young was on the moon when Mission Control told him the Space Shuttle programme had been approved.]

21. Apollo XVI Commander John Young gives a ‘big ol’ Navy salute’ while leaping from the surface of the moon in April 1972. Young was on the moon when Mission Control told him the Space Shuttle programme had been approved.

[image: NASA engineer and spacecraft designer Max Faget demonstrates the principle of the Space Shuttle using a balsa-wood model that he’d built in his garage.]

22. NASA engineer and spacecraft designer Max Faget demonstrates the principle of the Space Shuttle using a balsa-wood model that he’d built in his garage.

[image: NASA’s original plan was to launch a straight-winged Orbiter from the back of a fully reusable winged booster. In this picture the design – christened DC-3 by Max Faget – is tested in the wind tunnel.]

23. NASA’s original plan was to launch a straight-winged Orbiter from the back of a fully reusable winged booster. In this picture the design – christened DC-3 by Max Faget – is tested in the wind tunnel.

[image: As the design evolved – influenced by the needs of the Air Force – a delta-winged Orbiter emerged. As seen here, plans to use either a reusable winged booster or the first stage of a Saturn V moon rocket were both considered.]

24. As the design evolved – influenced by the needs of the Air Force – a delta-winged Orbiter emerged. As seen here, plans to use either a reusable winged booster or the first stage of a Saturn V moon rocket were both considered.

[image: 5 January 1972. Richard Nixon and NASA Administrator James Fletcher discuss a more familiar-looking Shuttle configuration on the day the President announced the decision to proceed with the programme.]

25. 5 January 1972. Richard Nixon and NASA Administrator James Fletcher discuss a more familiar-looking Shuttle configuration on the day the President announced the decision to proceed with the programme.

[image: Dr Hans Mark during his time as Director of NASA’s Ames Flight Research Center. Once sceptical about the value of manned spaceflight, he became one of the Shuttle programme’s most committed supporters.]

26. Dr Hans Mark during his time as Director of NASA’s Ames Flight Research Center. Once sceptical about the value of manned spaceflight, he became one of the Shuttle programme’s most committed supporters.

[image: Ceramic tiles designed for the Shuttle’s heatshield were tested inside the arc jet facilities at Ames used to simulate the hot-gas flow of re-entry.]

27. Ceramic tiles designed for the Shuttle’s heatshield were tested inside the arc jet facilities at Ames used to simulate the hot-gas flow of re-entry.

[image: One of the Shuttle’s giant solid rocket boosters blasts out nearly 3,000,000 pounds of thrust on the test stand.]

28. One of the Shuttle’s giant solid rocket boosters blasts out nearly 3,000,000 pounds of thrust on the test stand.

[image: A masterpiece of engineering. An RS-25 Space Shuttle main engine undergoing testing. Much of the engine’s early development was plagued by explosions, fires and violent disintegrations.]

29. A masterpiece of engineering. An RS-25 Space Shuttle main engine undergoing testing. Much of the engine’s early development was plagued by explosions, fires and violent disintegrations.

[image: A bearded Bob Crippen emerges from the Skylab Medical Experiment Altitude Test in 1972 – fifty-six days sealed inside a pressure chamber designed to simulate life on board Skylab, America’s first space station launched the following year.]

30. A bearded Bob Crippen emerges from the Skylab Medical Experiment Altitude Test in 1972 – fifty-six days sealed inside a pressure chamber designed to simulate life on board Skylab, America’s first space station launched the following year.

[image: John Young in his office at Johnson Space Center, Houston. In 1974, following the retirement of Alan Shepard, the first American in space, Young became head of the Astronaut Office.]

31. John Young in his office at Johnson Space Center, Houston. In 1974, following the retirement of Alan Shepard, the first American in space, Young became head of the Astronaut Office.

[image: To Boldly Go. After a campaign by Star Trek fans to have the prototype Shuttle named Enterprise, Spock, Sulu, Bones and Scotty all attended the roll-out ceremony, but chose to wear casual clothes rather than Starfleet uniforms.]

32. To Boldly Go. After a campaign by Star Trek fans to have the prototype Shuttle named Enterprise, Spock, Sulu, Bones and Scotty all attended the roll-out ceremony, but chose to wear casual clothes rather than Starfleet uniforms.

[image: Without jet engines of its own the Shuttle had to be ferried from landing site to launch site by other means. One ambitious, stillborn proposal was for the enormous VIRTUS carrier aircraft built from two B-52 fuselages.]

33. Without jet engines of its own the Shuttle had to be ferried from landing site to launch site by other means. One ambitious, stillborn proposal was for the enormous VIRTUS carrier aircraft built from two B-52 fuselages.

[image: In the end inspiration came from the Short-Mayo Composite, a British idea from the 1930s that launched one aircraft in mid-air from the back of another.]

34. In the end inspiration came from the Short-Mayo Composite, a British idea from the 1930s that launched one aircraft in mid-air from the back of another.

[image: The world’s largest aircraft, Lockheed’s C-5 Galaxy was considered as a potential Shuttle Carrier Aircraft, or SCA.]

35. The world’s largest aircraft, Lockheed’s C-5 Galaxy was considered as a potential Shuttle Carrier Aircraft, or SCA.

[image: A downturn in commercial aviation allowed NASA to acquire a Boeing 747 cheaply. Their ex-American Airlines jumbo is seen here prior to its conversion into its new role as a Shuttle Carrier Aircraft.]

36. A downturn in commercial aviation allowed NASA to acquire a Boeing 747 cheaply. Their ex-American Airlines jumbo is seen here prior to its conversion into its new role as a Shuttle Carrier Aircraft.

[image: To test the principle, a remote-controlled scale model of the 747/ Space Shuttle was built and flown.]

37. To test the principle, a remote-controlled scale model of the 747/ Space Shuttle was built and flown.

[image: To train astronauts to land the Shuttle, two Gulfstream business jets were modified – a process that included the two rectangular fins below the fuselage – to replicate the distinctive flying characteristics of the Shuttle.]

38. To train astronauts to land the Shuttle, two Gulfstream business jets were modified – a process that included the two rectangular fins below the fuselage – to replicate the distinctive flying characteristics of the Shuttle.

[image: The 1977 Approach and Landing test programme would see Enterprise fly, launched from the back of the SCA, for the first time. Astronauts Fred Haise, Gordon Fullerton, Joe Engle and Dick Truly were chosen as crew.]

39. The 1977 Approach and Landing test programme would see Enterprise fly, launched from the back of the SCA, for the first time. Astronauts Fred Haise, Gordon Fullerton, Joe Engle and Dick Truly were chosen as crew.

[image: As the SCA dives away, Enterprise, streaming vortices from the wingtips, flies free for the first time with Fred Haise and Gordon Fullerton at the controls.]

40. As the SCA dives away, Enterprise, streaming vortices from the wingtips, flies free for the first time with Fred Haise and Gordon Fullerton at the controls.

[image: The Approach and Landing test mission patch.]

41. The Approach and Landing test mission patch.

[image: Enterprise banks over the Mojave Desert. The fibreglass shroud over the rocket engines at the back was to make her more aerodynamic.]

42. Enterprise banks over the Mojave Desert. The fibreglass shroud over the rocket engines at the back was to make her more aerodynamic.

[image: Fred Haise guides her in for her first landing on Rogers Dry Lake Bed at Edwards Air Force Base.]

43. Fred Haise guides her in for her first landing on Rogers Dry Lake Bed at Edwards Air Force Base.

[image: Job done. Haise, Fullerton and Enterprise after their successful first flight.]

44. Job done. Haise, Fullerton and Enterprise after their successful first flight.

[image: Enterprise enjoys an airborne salute from the 747 carrier aircraft and one of the fleet of NASA T-38 jets that had accompanied the first flight as chase planes.]

45. Enterprise enjoys an airborne salute from the 747 carrier aircraft and one of the fleet of NASA T-38 jets that had accompanied the first flight as chase planes.

[image: ALT-4. Joe Engle and Dick Truly were in the cockpit for the fourth flight, and the first without the shroud. Truly couldn’t help but be surprised at the steepness of the Shuttle’s descent.]

46. ALT-4. Joe Engle and Dick Truly were in the cockpit for the fourth flight, and the first without the shroud. Truly couldn’t help but be surprised at the steepness of the Shuttle’s descent.

[image: The fifth and final ALT test flight exposed dangerous problems with the Shuttle’s fly-by-wire control system when Enterprise began to roll and porpoise wildly as Fred Haise tried to bring her in to land.]

47. The fifth and final ALT test flight exposed dangerous problems with the Shuttle’s fly-by-wire control system when Enterprise began to roll and porpoise wildly as Fred Haise tried to bring her in to land.

[image: NASA introduces the crews for the first four Space Shuttle orbital test flights. John Young and Bob Crippen, far right, were named as the primary crew for the STS-1, with Joe Engle and Dick Truly as reserve.]

48. NASA introduces the crews for the first four Space Shuttle orbital test flights. John Young and Bob Crippen, far right, were named as the primary crew for the STS-1, with Joe Engle and Dick Truly as reserve.

[image: The astronauts spent endless hours in the simulators, training to be ready for any contingency. Here Fred Haise, Apollo XIII mission patch to the fore, sits in the Commander’s seat.]

49. The astronauts spent endless hours in the simulators, training to be ready for any contingency. Here Fred Haise, Apollo XIII mission patch to the fore, sits in the Commander’s seat.

[image: Haise and his Pilot, Jack Lousma, trained for a ‘Buck Rogers’ mission planned to return NASA’s vacant Skylab space station to a safe orbit, but delays to the Shuttle programme saw it scrubbed. Skylab was lost when she burned up on re-entry in 1979.]

50. Haise and his Pilot, Jack Lousma, trained for a ‘Buck Rogers’ mission planned to return NASA’s vacant Skylab space station to a safe orbit, but delays to the Shuttle programme saw it scrubbed. Skylab was lost when she burned up on re-entry in 1979.

[image: No stone unturned. While the astronauts practised abort procedures in the sims, NASA used wind tunnels to test whether in an emergency it might be possible to separate the Shuttle from the stack at hypersonic speeds while the SRBs were still burning. They thought not.]

51. No stone unturned. While the astronauts practised abort procedures in the sims, NASA used wind tunnels to test whether in an emergency it might be possible to separate the Shuttle from the stack at hypersonic speeds while the SRBs were still burning. They thought not.

[image: Showstopper. Columbia, the first Shuttle built for spaceflight, arrives at Kennedy Space Center on the back of the SCA in 1979. As can be seen in the picture, the tiles making up the heatshield were falling off, a problem which, if not fixed, would ground the Shuttle.]

52. Showstopper. Columbia, the first Shuttle built for spaceflight, arrives at Kennedy Space Center on the back of the SCA in 1979. As can be seen in the picture, the tiles making up the heatshield were falling off, a problem which, if not fixed, would ground the Shuttle.

[image: Once it was believed a solution to the tile-bonding problem had been found it had to be tested. To do this NASA used the new process to fix tiles to F-104 and F-15 jet fighters and then flew them at high speed.]

53. Once it was believed a solution to the tile-bonding problem had been found it had to be tested. To do this NASA used the new process to fix tiles to F-104 and F-15 jet fighters and then flew them at high speed.

[image: With the fix tried, tested and proven, most of the tiles making up Columbia’s heatshield had to be removed then re-attached.]

54. With the fix tried, tested and proven, most of the tiles making up Columbia’s heatshield had to be removed then re-attached.

[image: NASA’s nervousness about the robustness of the Shuttle’s heatshield led to the development of an on-orbit tile repair kit, shown here being tested by Dick Truly.]

55. NASA’s nervousness about the robustness of the Shuttle’s heatshield led to the development of an on-orbit tile repair kit, shown here being tested by Dick Truly.

[image: The eighty-five-ton Columbia hangs from the ceiling of the Kennedy Space Center’s vast Vehicle Assembly Building prior to being mated to the external tank and SRBs.]

56. The eighty-five-ton Columbia hangs from the ceiling of the Kennedy Space Center’s vast Vehicle Assembly Building prior to being mated to the external tank and SRBs.

[image: Max speed: one mile per hour. The Space Shuttle stack begins its 3½-mile journey from the VAB to Pad-39A on the back of an eight-track, 3,000-ton crawler-transporter.]

57. Max speed: one mile per hour. The Space Shuttle stack begins its 3½-mile journey from the VAB to Pad-39A on the back of an eight-track, 3,000-ton crawler-transporter.

[image: STS-1 Mission patch.]

58. STS-1 Mission patch.

[image: Ready to go. Columbia sits waiting on Pad-39A.]

59. Ready to go. Columbia sits waiting on Pad-39A.

[image: Mission Commander John Young in the T-38 jet he flew from Houston to KSC for the launch.]

60. Mission Commander John Young in the T-38 jet he flew from Houston to KSC for the launch.

[image: Mission planning. After a five-mile run Pilot Bob Crippen sits down with Young to study the STS-1 flight plan.]

61. Mission planning. After a five-mile run Pilot Bob Crippen sits down with Young to study the STS-1 flight plan.

[image: ‘Any landing you can walk away from …’ Bob Crippen steps out at KSC after another long session shooting practice approaches in Shuttle Training Aircraft in the days prior to launch.]

62. ‘Any landing you can walk away from …’ Bob Crippen steps out at KSC after another long session shooting practice approaches in Shuttle Training Aircraft in the days prior to launch.

[image: Looking like test subjects in the lab, Bob Crippen and John Young suit up for the mission.]

63. Looking like test subjects in the lab, Bob Crippen and John Young suit up for the mission.

[image: ‘When thoughts turn inward …’ A watercolour by artist Henry Casselli captures Columbia’s contemplative Commander prior to the flight.]

64. ‘When thoughts turn inward …’ A watercolour by artist Henry Casselli captures Columbia’s contemplative Commander prior to the flight.

[image: A very composed looking STS-1 crew walk out to the ‘Astrovan’ for the drive to the pad. Walking behind Crip at the left of the picture is Flight Operations Director George Abbey.]

65. A very composed looking STS-1 crew walk out to the ‘Astrovan’ for the drive to the pad. Walking behind Crip at the left of the picture is Flight Operations Director George Abbey.

[image: Young and Crippen as they would have appeared before the launch – although the smaller US flags on their shoulders show this was a picture taken during an earlier simulation.]

66. Young and Crippen as they would have appeared before the launch – although the smaller US flags on their shoulders show this was a picture taken during an earlier simulation.

[image: The T-38s of Jon McBride’s Chase team had the best view in the house of the Shuttle’s first launch.]

67. The T-38s of Jon McBride’s Chase team had the best view in the house of the Shuttle’s first launch.

[image: Lift-off. Nine years after President Nixon announced the programme to the nation, at three tenths of a second past seven EST on 12 April 1981 – the twentieth anniversary of Yuri Gagarin’s first spaceflight – Columbia took to the air.]

68. Lift-off. Nine years after President Nixon announced the programme to the nation, at three tenths of a second past seven EST on 12 April 1981 – the twentieth anniversary of Yuri Gagarin’s first spaceflight – Columbia took to the air.

[image: Into the Black. Riding nearly seven million pounds of thrust, Columbia breaks the surly bonds.]

69. Into the Black. Riding nearly seven million pounds of thrust, Columbia breaks the surly bonds.

[image: SRB Sep. Fuel spent and their job done, the two reusable solid rocket boosters are ejected, leaving Columbia under the three SSME engines in her tail. She’s ascending past 150,000 feet and accelerating past Mach 4.5.]

70. SRB Sep. Fuel spent and their job done, the two reusable solid rocket boosters are ejected, leaving Columbia under the three SSME engines in her tail. She’s ascending past 150,000 feet and accelerating past Mach 4.5.

[image: ET Sep. The empty, discarded external tank, blackened by heat from Columbia’s engines and friction, looks like it’s been through a war.]

71. ET Sep. The empty, discarded external tank, blackened by heat from Columbia’s engines and friction, looks like it’s been through a war.

[image: After reaching orbit, Crippen and Young unstrapped, floated back from their ejection seats to the aft crew station and opened the payload bay doors.]

72. After reaching orbit, Crippen and Young unstrapped, floated back from their ejection seats to the aft crew station and opened the payload bay doors.

[image: The view aft. Obvious on the starboard pod – left of the picture – are the tiles missing from the heatshield. The reasons for their loss were unclear. Whether it signalled tile loss from more critical areas was unknown.]

73. The view aft. Obvious on the starboard pod – left of the picture – are the tiles missing from the heatshield. The reasons for their loss were unclear. Whether it signalled tile loss from more critical areas was unknown.

[image: Flight Director Gene Kranz, JSC Director Chris Kraft and Engineering Director Max Faget study the STS-1 telemetry inside Mission Control.]

74. Flight Director Gene Kranz, JSC Director Chris Kraft and Engineering Director Max Faget study the STS-1 telemetry inside Mission Control.

[image: Dr Hans Mark, ex-Director of the National Reconnaissance Office, in Mission Control during STS-1. Mark, aware of the capabilities of NRO satellites, recommended that NASA ask the Department of Defense for help.]

75. Dr Hans Mark, ex-Director of the National Reconnaissance Office, in Mission Control during STS-1. Mark, aware of the capabilities of NRO satellites, recommended that NASA ask the Department of Defense for help.

[image: Brigadier General William ‘Ted’ Twinting, USAF, sits at the DoD console in Mission Control studying TV footage downlinked from Columbia. Note the red phone to his left.]

76. Brigadier General William ‘Ted’ Twinting, USAF, sits at the DoD console in Mission Control studying TV footage downlinked from Columbia. Note the red phone to his left.

[image: The Blue Cube. The Air Force Satellite Control Facility in Sunnyvale, California, from where, inside building 1003, Air Force personnel manoeuvred a KH-11 KENNAN spy satellite to take pictures of Columbia in orbit.]

77. The Blue Cube. The Air Force Satellite Control Facility in Sunnyvale, California, from where, inside building 1003, Air Force personnel manoeuvred a KH-11 KENNAN spy satellite to take pictures of Columbia in orbit.

[image: The Hubble Telescope. The space telescope is essentially a digital reconnaissance satellite pointing, instead of at earth, towards the heavens. Hubble provided an indication of the appearance of the KH-11 KENNAN spy satellite.]

78. The Hubble Telescope. The space telescope is essentially a digital reconnaissance satellite pointing, instead of at earth, towards the heavens. Hubble provided an indication of the appearance of the KH-11 KENNAN spy satellite.

[image: Cape Cod pictured from Columbia during STS-1. The first minute-and-a-half-long window in which the KH-11 might capture the Shuttle took place over the Atlantic about 150 miles to the south.]

79. Cape Cod pictured from Columbia during STS-1. The first minute-and-a-half-long window in which the KH-11 might capture the Shuttle took place over the Atlantic about 150 miles to the south.

[image: Joe Engle and Dick Truly – at the right of the picture – sit behind the Capcom console. When he first saw the missing tiles Truly knew that if there were further tiles missing the STS-1 crew could be in real trouble.]

80. Joe Engle and Dick Truly – at the right of the picture – sit behind the Capcom console. When he first saw the missing tiles Truly knew that if there were further tiles missing the STS-1 crew could be in real trouble.

[image: As hot as the surface of the sun. The temperature of the pressure wave created by Columbia’s re-entry could reach over six thousand degrees fahrenheit.]

81. As hot as the surface of the sun. The temperature of the pressure wave created by Columbia’s re-entry could reach over six thousand degrees fahrenheit.

[image: Shooting Star. This 2011 picture of Columbia’s sistership Atlantis re-entering captures the blistering heat generated by plunging into the earth’s atmosphere at 17,500 mph.]

82. Shooting Star. This 2011 picture of Columbia’s sistership Atlantis re-entering captures the blistering heat generated by plunging into the earth’s atmosphere at 17,500 mph.

[image: The Kuiper Airborne Observatory used the infrared telescope behind the open door on the forward fuselage to observe the heavens. In 1981 it launched from Hawaii to capture images of the re-entering Shuttle.]

83. The Kuiper Airborne Observatory used the infrared telescope behind the open door on the forward fuselage to observe the heavens. In 1981 it launched from Hawaii to capture images of the re-entering Shuttle.

[image: Tally-ho! Chase team leader Jon McBride keeps station on Columbia’s starboard wing as she glides towards Edwards. In the back seat, fellow astronaut ‘Pinky’ Nelson took photographs.]

84. Tally-ho! Chase team leader Jon McBride keeps station on Columbia’s starboard wing as she glides towards Edwards. In the back seat, fellow astronaut ‘Pinky’ Nelson took photographs.

[image: Final approach. Columbia over Rogers Dry Lake Bed, pictured from Chase One.]

85. Final approach. Columbia over Rogers Dry Lake Bed, pictured from Chase One.

[image: Three greens. With Columbia’s gear locked down, John Young flares for landing.]

86. Three greens. With Columbia’s gear locked down, John Young flares for landing.

[image: Using the air brakes on the vertical stabilizer to slow her, Columbia rolls to a stop on Runway 23. Moments later her ecstatic Commander, John Young, claimed, ‘This is the world’s greatest all-electric flying machine, I’ll tell ya that!’ ]

87. Using the air brakes on the vertical stabilizer to slow her, Columbia rolls to a stop on Runway 23. Moments later her ecstatic Commander, John Young, claimed, ‘This is the world’s greatest all-electric flying machine, I’ll tell ya that!’ 

[image: A spacecraft has landed on earth. The view from inside Columbia on landing could hardly have looked more like a scene from a science-fiction movie.]

88. A spacecraft has landed on earth. The view from inside Columbia on landing could hardly have looked more like a scene from a science-fiction movie.

[image: John Young and Bob Crippen leave Columbia to grab a shower and a beer before addressing the waiting crowds.]

89. John Young and Bob Crippen leave Columbia to grab a shower and a beer before addressing the waiting crowds.

[image: Post-flight. Columbia in repose. Half spacecraft, half aircraft. The yellow tractor wouldn’t look out of place at any airport. The umbilicals attached like IV drips speak of something more special.]

90. Post-flight. Columbia in repose. Half spacecraft, half aircraft. The yellow tractor wouldn’t look out of place at any airport. The umbilicals attached like IV drips speak of something more special.

[image: Mission Accomplished. With her return to Edwards Columbia wrote the last chapter of a story that began with Chuck Yeager’s first supersonic flight in 1947.]

91. Mission Accomplished. With her return to Edwards Columbia wrote the last chapter of a story that began with Chuck Yeager’s first supersonic flight in 1947.

[image: After the success of STS-1 and subsequent flights, Bob Crippen, Dick Truly and the rest of the MOL veterans looked forward to a return to Vandenberg AFB in California and launching the Shuttle into polar orbits on DoD missions. It wasn’t to be.]

92. After the success of STS-1 and subsequent flights, Bob Crippen, Dick Truly and the rest of the MOL veterans looked forward to a return to Vandenberg AFB in California and launching the Shuttle into polar orbits on DoD missions. It wasn’t to be.


TRANSWORLD PUBLISHERS

61–63 Uxbridge Road, London W5 5SA

www.penguin.co.uk

Transworld is part of the Penguin Random House group of companies whose addresses can be found at global.penguinrandomhouse.com


[image: Penguin logo]


First published in Great Britain in 2016 by Bantam Press

an imprint of Transworld Publishers
Corgi edition published 2017

Copyright © Rowland White 2016
Maps and illustrations © Patrick Mulrey

Rowland White has asserted his right under the Copyright, Designs and Patents Act 1988 to be identified as the author of this work.

Every effort has been made to obtain the necessary permissions with reference to copyright material, both illustrative and quoted. We apologize for any omissions in this respect and will be pleased to make the appropriate acknowledgements in any future edition.

A CIP catalogue record for this book is available from the British Library.

Version 1.0 Epub ISBN 9781446487938

ISBN 9780552160223

This ebook is copyright material and must not be copied, reproduced, transferred, distributed, leased, licensed or publicly performed or used in any way except as specifically permitted in writing by the publishers, as allowed under the terms and conditions under which it was purchased or as strictly permitted by applicable copyright law. Any unauthorized distribution or use of this text may be a direct infringement of the author’s and publisher’s rights and those responsible may be liable in law accordingly.

1 3 5 7 9 10 8 6 4 2

OPS/images/Insert-93.jpg





OPS/images/Insert-91.jpg





OPS/images/Insert-92.jpg





OPS/images/Insert-90.jpg





OPS/images/Insert-13.jpg
NRO APPROVED FOR
RELEASE 1 JULY 2015

HANDLE ViA

N
contRbL WiTEN
I 72 FEET -
MISSION
ADAPTER& | LABORATORY D
EQUIPHENT WODULE MODUEE

SECTION MAIN OPTICS VIEWER
-ACQUISITION TELESCOPE VIEWER

GEMINI B

Py )
o
L

CRAWL-THRU / CANERA
TUNNEL SuppLy

ACQUISITION TELESCOPE OPTICS

PRIMARY MIRROR

/

TRACKING HIRROR

MOL BASELINE SYSTEM
oniAn
HANDLE VIA FIGURE [ PAGE Yot/ Feaces
ConTROL SYSTEM —rorsteRt— copy / oF comiEs






OPS/images/Insert-14.jpg





OPS/images/bar.jpg





OPS/images/Insert-11.jpg





OPS/images/Insert-12.jpg





OPS/images/Insert-10.jpg





OPS/images/Insert-19.jpg





OPS/images/Insert-17.jpg





OPS/images/Insert-18.jpg





OPS/images/Insert-15.jpg





OPS/images/Insert-16.jpg





OPS/images/Insert-24.jpg





OPS/images/Insert-25.jpg





OPS/images/Insert-22.jpg





OPS/images/Insert-23.jpg





OPS/images/cover.jpg
The Sl!lllllill!l new real-life thriller hy hGSlSl}lliII!I author

~ Rowland White

Z Sl | A <A /. <X
The Electrifying True Story of How the First Flight of
the Space Shuttle Nearly Ended in Disaster

L 3

. ~ - .
‘Tells the true, complete story of the Space i
3 been told before . . . Beautifully researched anc written”
Colonel Chris Hadfield, former Astronaut and Space Station Commander





OPS/images/Insert-20.jpg





OPS/images/Insert-21.jpg





OPS/images/Insert-28.jpg





OPS/images/Insert-29.jpg





OPS/images/Insert-26.jpg





OPS/images/Insert-27.jpg





OPS/images/Insert-35.jpg





OPS/images/Insert-36.jpg





OPS/images/Insert-33.jpg





OPS/images/Insert-34.jpg





OPS/images/Insert-31.jpg





OPS/images/Insert-32.jpg





OPS/images/Insert-30.jpg





OPS/images/Insert-39.jpg





OPS/images/Insert-37.jpg





OPS/images/Insert-38.jpg





OPS/images/map3.jpg
VANDENBERG AIR FORCE BASE, CALIFORNIA
0 2 miles anta Maria Airport @ Santa Maria
0 3 kilometres |
N o |
PACIFIC Casmalia
OCEAN
é
é Q\Q"’é
3 5
O & Vanden®
0 S 4
&
g
© NORTH VANDENBERG
AR FORCE
BASE
O Orbiter amtec HQ
cil
o
NN Vandenberg Village
7 © By Minuteman
ORsEE :/m handling
7| facilities
Surf ®
; ~\' o/ %)
;8 6;’0% ; l‘ . | Administrative 2
A %| @ =] area =
oo e i I B
% . Railroad
; Tl Lompoe |-
; u
- & lagazine & SOUTH VANDENBERG
i/ AIR FORCE
ange ops BASE
{a Road ——
R ' Railway ~ r
4 el sl Basefaciity  ®
:'. SRB facili 4 Missile facility o
~,l. Launch control cen 2 Probe launch complex A
pit SLC-6 (Slick Six) Tracking/communication &
Space launch complex e
Arguello i)
g Coast Roag §. Apot  ©
S
NN Towroutefor ____
Space Shuttle Orbiter






OPS/images/map2.jpg
KENNEDY SPACE CENTER, FLORIDA
Road —
Railway
Beach Road Base facility L}
Launch complex °
Launch Complex 39 :°
Launch Complex 39A
Space ° Y
Shuttle Orbiter \
Landing Facility Vehicle Assembly
Building {Wa\J
Qb=
BN
- KSC/Cape Boundary
JOHN F. KENNEDY SPACE b
CENTER, NASA £ S
S N
N
¢ &
§ Solid motor m. ATLANTIC
K assembly building
NASA Parkway West / Veftical Integrati m OCEAN
Building
</ KSC industrial s,
L
N area
¢
§
I~
N
MERRITT
D BANANA
RIVER
Hall Road ' |
Command Control
building
Missile assembly O ’
area—
Barge Canal to N
Indian River i Port Canaveral ?
Bennett Causeway 0 2 miles
0 3 kilometres






OPS/images/map1.jpg
STS-1 LOCATION MAP

CANADA

CALIFORNIA
1,72
L ! 3
3 6
TEXAS ALABAMA
. FLORIDA
5 °7
1 NASA Ames Research Center Gu f’f
o
2 Sunnyvale Air Force Base — the Blue Cube Mexico

3 Vandenberg Air Force Base

4 Edwards Air Force Base

5 NASA Johnson Space Center, Houston

6 NASA Marshall Space Flight Center, Huntsville, Alabama
7 NASA Kennedy Space Center

ATLANTIC

O0CEAN






OPS/images/map6.jpg
ORBITAL INGLINATIONS DURING STS-1






OPS/images/map5.jpg
MISSION PROFILE FOR COLUMBIA’S FIRST FLIGHT

Orbital Altitudes:
132.7x133.7 n.mi. OMS-3
147.9x 148.0 n.mi. (6:20:46.5)
Inclination:
40.3 degrees g,
0Ms-4 Re-Entry
OMS-1 (7:05:32.5) 0n-Orbit Manoeuvre for Re-Entry (53:49:01.1)
Mot 0MmMSs-2 147.9 x 148.0 n.mi. Operations (53:21:31.1) 400,000 ft.
(0:10:34.1) (0:44:02.1) 65.8 n.mi.
132.7 x 133.7 n.mi. Y

External Tank Separation

(0:08:58.1) Glide Path

4,300 n.mi. from

Main Engine Cut-Off Edwards Air Force Base

(0:08:34.4)

383,000 ft
\ Landing Speed
180 knots

Solid Rocket Booster Rollout: 8,993 ft
Separation
(0:02:10.4)
163,000 ft
External Tank Impact
SRB Recovery\ Indian Ocean
Ve

& Atlantic Ocean
0:07:10) o
Launch ( ) P - Landing
Edwards Air Force Base

Kennedy Space Center
(0:00:00.3) (54:20:54.1) %

Event times are in actual Mission Elapsed Time (MET)
in hours, minutes, seconds from launch.






OPS/images/map4.jpg
~ EDWARDS AIR FORCGE BASE, CALIFORNIA

State Route 58

Edwards AFB 18R 18C

3L

Rocket Site Road

Rogers
Dry Lake Bed

0 2 miles

Avenue B
-
0 3 kilometres






OPS/images/Insert-46.jpg
e






OPS/images/Insert-47.jpg





OPS/images/Insert-44.jpg





OPS/images/Insert-45.jpg





OPS/images/Insert-42.jpg





OPS/images/Insert-43.jpg





OPS/images/Insert-40.jpg





OPS/images/Insert-41.jpg





OPS/images/Insert-48.jpg





OPS/images/Insert-49.jpg





OPS/images/Insert-50.jpg





OPS/images/Insert-57.jpg





OPS/images/Insert-58.jpg





OPS/images/Insert-55.jpg





OPS/images/Insert-56.jpg





OPS/images/Insert-53.jpg





OPS/images/Insert-54.jpg





OPS/images/Insert-51.jpg





OPS/images/Insert-52.jpg





OPS/images/Insert-59.jpg





OPS/images/Insert-60.jpg





OPS/images/Insert-61.jpg





OPS/images/Insert-68.jpg





OPS/images/Insert-69.jpg





OPS/images/Insert-66.jpg





OPS/images/Insert-67.jpg





OPS/images/Insert-64.jpg





OPS/images/Insert-65.jpg





OPS/images/Insert-62.jpg





OPS/images/Insert-63.jpg





OPS/images/logo_prh.png
Penguin
a\ Random House
UK





OPS/images/Insert-71.jpg





OPS/images/Insert-72.jpg





OPS/images/Insert-70.jpg





OPS/images/Insert-79.jpg





OPS/images/Insert-77.jpg





OPS/images/Insert-78.jpg





OPS/images/Insert-75.jpg





OPS/images/Insert-76.jpg





OPS/images/Insert-73.jpg





OPS/images/Insert-74.jpg





OPS/images/Insert-82.jpg





OPS/images/Insert-83.jpg
—————






OPS/images/Insert-80.jpg





OPS/images/Insert-81.jpg





OPS/images/Insert-02.jpg
Collie

o e

rs

Man Will

Conquer

Space Soon
TOP SCIENTISTS

W IN
15 STARTLING PAGES






OPS/images/Insert-03.jpg





OPS/images/Insert-88.jpg





OPS/images/Insert-01.jpg





OPS/images/Insert-89.jpg





OPS/images/Insert-86.jpg





OPS/images/Insert-87.jpg





OPS/images/Insert-84.jpg





OPS/images/Insert-85.jpg





OPS/images/Insert-08.jpg





OPS/images/Insert-09.jpg





OPS/images/Insert-06.jpg





OPS/images/Insert-07.jpg





OPS/images/Insert-04.jpg





OPS/images/Insert-05.jpg





