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Introduction

This collection of historical documents provides insight into the history of the United States in its pursuit of the peaceful uses of outer space, with emphasis on the manned space program of the National Aeronautics and Space Administration as well as on commercial American activities supporting human spaceflight in the early 21st century. Of course, the early history cannot be entirely understood without some reference to German rocketry in the 1930s and 1940s and Soviet space efforts in the 1950s through the 1980s, just as the later history cannot be entirely understood without some reference to Russian space activities since the 1990s. Also important to the understanding of this collection of historical documents is knowledge of the domestic American politics that influenced the course of America’s space program. The introductions to the individual chapters seek to provide some of this context.

The reader will note that the author uses the adjectives “manned,” “piloted,” “crewed,” and “human” interchangeably in the chapter introductions. In the early decades of the space age, the term “manned” was used exclusively, as reflected in the documents of those years; thus, the author uses that adjective more when discussing this period, while the gender-neutral adjectives are more often used for the later years, as language has changed.

Rocketry and space technology have served several goals throughout the Space Age: pure research, as well as applied research for national security, national prestige, and commercial profit. There have been various agents of this research as well: individuals supported by philanthropists as well as governments, intergovernmental organizations, international consortiums, and for-profit corporations. So, when the question is asked, “Why go into space?” there are many answers: “to make money for our investors,” “to promote the general welfare,” “to provide for the common defense,” or “to explore strange new worlds.”

However, the present volume focuses on space exploration, and in particular, human space exploration, so the question to consider is “Why should humans go into outer space?” It is difficult to summon a pragmatic argument, and it is for this reason that military manned space projects have come to very little; putting man in the loop did not appear to be worth the expense. On the other hand, the science journalist Jules Bergman pointed to the repairs to the Skylab space station in 1973 as proving the utility of humans in space. Similarly, correcting the Hubble Space Telescope’s mis-figured optics was beyond the ability of machines of the 1990s; it took humans to accomplish that and save the HST from being a billion-dollar debacle. During the first decade of spaceflight, automated systems were crude and unreliable, and whereas humans required additional systems for their survival in the lethal environment of space, they could be readily trained to perform a variety of missions, and they possessed the flexibility to adapt to unexpected challenges, which automated systems lacked. For instance, in the 1960s and 1970s, 2 of the 7 U.S. attempts to land automated spacecraft on the Moon failed, and 7 of the 15 Soviet automated spacecraft that attempted landings on the Moon crashed. In contrast, all 6 Apollo missions, which attempted lunar landings, succeeded. Their pilots could observe and judge the treacherous terrain in real time and make the necessary adjustments to save the missions from disaster. In particular, an automated landing at the Apollo 11 site, which was chosen for its supposed safety, surely would have crashed in a boulder field.

In contrast, the two Chinese attempts to land on the Moon in the 2010s have succeeded; a perfect record so far. Robotic systems have become more reliable. The record of attempts to land automated probes on Mars in the course of the past half century supports this. In the 1970s, only two of six attempts succeeded; in the 1990s, one out of two, but in the 21st century, five of seven landing attempts have succeeded. Advances in robotics later in our century may enable machines to perform all the useful activities that humans now perform in space; if so, the question of why humans should be out there at all may become ever more difficult to answer in the positive.

If there is little practical purpose for humans venturing into space, what is left other than that which makes us most human, which distinguishes us both from other life-forms and from machines: the sense of wonder, the desire not only to acquire new knowledge but to experience new realms; “perchance to dream,” perhaps to “touch the face of God.” Is it possible that this is the practical purpose for humans going out there?

“To set foot on the soil of the asteroids, to lift by hand a rock from the Moon,” as the Russian mathematician Konstantin Tsiolkovsky described it more than a century ago, is only the beginning of the human experience. Stepping out of that “cradle of the mind” that he called Earth has afforded a new perspective, one that has been called the “Overview Effect,” the overwhelming sense of human unity, and indeed, the planetary unity of all of Earth’s life-forms, which one experiences when looking down at a world without borders from hundreds of miles above. For the dozen men who walked on the surface of the Moon, Earth was a small blue marble in the black sky, blotted out by simply holding up one’s thumb, so alone, so precious, so fragile, containing all of us in our billions. The poet Archibald MacLeish wrote during the Apollo 8 mission, which orbited the Moon on Christmas Eve 1968, that we are “riders on the Earth together, brothers on that bright loveliness in the eternal cold—brothers who know now they are truly brothers.”

But how soon we forgot. There was that moment of brotherhood in December 1968, another in July 1969, followed by several more through 1972, each successive one capturing less attention than the previous one as the earthbound went on as though none of them had occurred. A brief, vicarious taste of the Overview Effect has little staying power among the worldly. In one area, perhaps, the voyages to the Moon effected an enduring change in human affairs. The environmental movement was already stirring when the last Apollo mission left for the Moon, but the photograph it returned of the fully lit Earth instantly became its icon. Again, the words of MacLeish: “To see the earth as it truly is, small and blue and beautiful in that eternal silence where it floats . . . ”

Only a few hundred people have gone into space and experienced the Overview Effect directly, and it is a profound enough experience to stay with them all their lives. It might therefore be argued that for no other reason than the Overview Effect, everyone should go into space to look back at our world and know, not just for the moment but for all time, that we are all brothers and sisters. Billions will not go into space, of course, but the hundreds will certainly become thousands, as space tourism becomes a reality in the coming decades, and by the end of the century, perhaps tens or even hundreds of thousands may visit or work in space, returning to reach ever more people on Earth with their personal accounts of that experience, and slowly work a transformation in human conscience. We may hope that the human race will become a humane race, and that spacefaring will be an agent of that transformation.

“To seek out new life and new civilizations . . . ” We had better be a more humane form of life, a more mature civilization, before we encounter others. This is not to say that we should not seek until humankind attains some ultimate plane of enlightenment; it may well be that the nearest extraterrestrial civilizations are so distant that we shall have attained sufficient enlightenment by the time we encounter them. It may be that the vastness of the universe serves this purpose, that when we make contact, we will be ready. Meanwhile, we should seek, for in doing so we find things we were not looking for, such as the Overview Effect. In seeking outward, we tend to also find something inside ourselves.

Humans have been successful in colonizing the many disparate climates and ecosystems of Earth by adapting to them, and our distinct cultures are reflections of that geographic diversity. One may expect that as humans establish habitats on the Moon, on Mars, and elsewhere in our Solar System, we will adapt to these new circumstances and begin to evolve new cultures. On Earth, our isolated diversity divided us for thousands of years, and our divisions have become more pressing as faster means of travel and global communications seem to make our world smaller even as the number of us who share this Earth skyrockets, but diversity is the direct result of our adaptability, and when we accommodate our diversity and learn from each other, it becomes our greatest strength. Diversity also enriches our life experiences.

Going out there into the black may also be imperative to our survival as a species. If Mars is dead now but was once alive, understanding how Mars died may give us a crucial understanding of how close we are coming to killing the Earth. Also, just as no one could have foreseen the Overview Effect and the small but important transformation of human consciousness that going to the Moon a few times would bring about, neither can anyone predict the further transformative experiences of living on other worlds. However, history suggests that this will be the case. Colonizing new niches of an expanding human ecology provides opportunities for new philosophies to flourish. It is no accident that the European Enlightenment found its first full expression in the New World on the other side of the Atlantic Ocean: “We hold these truths to be self-evident. . . . ”

Returning to the Moon, going to Mars, and then pushing outward to the stars will be a parallel process with other human developments in a push-pull relationship. Going out there together will go hand in hand with coming together here on Earth. Bringing life to places it may never before have existed will go in close association with assuming responsibility for the competent stewardship of life on Earth.

Bridging the gulf of space to meet and understand the Alien will go together with tearing down the obstacles of greed, fear, and prejudice that are the source of alienation on Earth. The science fiction novelist Robert A. Heinlein wrote that “the Moon is a harsh mistress.” All of the new worlds will be harsh. We will live close to the edge of death out there; learning to survive on those other worlds will bring us closer to immortality as a species. We will learn to depend on each other for our very lives as never before. The New Frontier will be punctuated by tiny habitat modules, not sprawling with the wide-open spaces of the American Old West. We will live in enclosed places, in each other’s faces. All the pretentious barriers that we erect here on Earth will melt away in space. We will come to know each other—and ourselves—as we have never done before. We will push the outside of the envelope of what it means to be human. Living together so closely, so intimately, so inescapably, will demolish social and psychological walls that we need not and dare not consider tearing down here on our comfortable, capacious, suburbanized, subdivided Earth. There will be new challenges to human dignity, privacy, individuality, intimacy, and polity. One wonders whether John Kennedy grasped the full import of his own words: “We set sail on this new sea because there is new knowledge to be gained and new rights to be won.”

Some who read this will see it as self-evident, while none of what has been written here will bring vision to those who refuse to see. There are those who do not see beyond the present, or who look forward only as far as the return on investment with a short time horizon. Those who see farther have a duty to convince those who do not to join us in our leap of faith outward into the unknown. It has always been so. This is more than a great adventure; it is the best of what it means to be human.


Chronology







	1905, April 2

	Robert Goddard publishes “A Method of Reaching Extreme Altitudes.”




	1915, March 3

	Public Law 63–271 is passed, creating the National Advisory Committee for Aeronautics.




	1926, March 16

	Goddard launches the first liquid-propellant (gasoline and liquid oxygen) rocket in Auburn, Massachusetts.




	1935, March 8

	Goddard’s A-4 rocket reaches an altitude of 300 meters (1,000 feet).




	1935, March 28

	Goddard’s A-5 rocket reaches an altitude of 1.5 kilometers (4,800 feet).




	1936, November 1

	Goddard launches his L-7, the first rocket with multiple chambers.




	1937, December 4

	The first A3 is launched from Peenemünde, crashing close to the takeoff point due to engine failure and premature parachute deployment.




	1938, Summer

	The first A5 is launched from Peenemünde.




	1942, October 3

	The third A4 is launched from Peenemünde, reaching an altitude of 83 kilometers.




	1944, September 8

	The first V-2s are launched against Allied targets: Paris, The Hague, and London.




	1945, May 2

	Wernher von Braun surrenders to the U.S. Army.




	1946, April 16

	The first V-2 is launched from White Sands Missile Range, New Mexico.




	1950, July 24

	Bumper 8, a V-2 with a WAC Corporal second stage, is the first rocket launched from Cape Canaveral.




	1953, August 20

	The first Redstone SRBM is launched.




	1957, March 1

	The first Jupiter MRBM is launched.




	1958, January 31

	A Jupiter-C launches the first U.S. satellite, Explorer 1.




	1958, July 29

	Public Law 85–568 is signed, creating the National Aeronautics and Space Administration.




	1961, May 5

	Mercury Redstone 3 carries Alan Shepard, the first American on a suborbital flight.




	1961, May 25

	John Kennedy commits the United States to landing humans on the Moon.




	1961, October 27

	The first Saturn I rocket is launched.




	1962, February 20

	Mercury Atlas 6 carries John Glenn, the first American into orbit.




	1962, July 17

	Robert White pilots the first X-15 manned suborbital flight above 50 miles.




	1963, May 15

	Gordon Cooper spends 1.5 days in orbit aboard Mercury Atlas 9.




	1963, July 19

	Joseph Walker pilots the first X-15 manned suborbital flight above 100 kilometers.




	1965, March 23

	Gemini 3, the first U.S. two-person spacecraft, is tested during a five-hour orbital flight.




	1965, June 3

	Edward White performs the first U.S. extravehicular activity during the Gemini 4 mission.




	1965, December 4

	The Gemini 7 crew orbits for 14 days.




	1965, December 15

	The Gemini 6A crew achieves the first space rendezvous, with Gemini 7 as its target.




	1966, March 16

	The Gemini 8 crew achieves the first docking of two spacecraft.




	1966, November 11

	Edwin Aldrin performs three EVAs during the Gemini 12 mission.




	1967, November 9

	Apollo 4, the first Saturn V launch vehicle, is launched into Earth orbit.




	1968, April 1

	Boeing issues its multivolume report on the Integrated Manned Interplanetary System for human missions to Venus and Mars.




	1968, October 11

	Apollo 7, the first U.S. three-person spacecraft, is launched into Earth orbit.




	1968, December 21

	The third Saturn V launches the Apollo 8 crew into lunar orbit.




	1969, July 16

	Apollo 11 is the first manned lunar landing.




	1969, August 4

	Von Braun briefs the White House’s Space Task Group on a manned mission to Mars in 1981.




	1970, April 11

	Apollo 13’s oxygen tank explodes, the crew is recovered following a lunar flyby.




	1973, May 14

	Skylab 1, the first U.S. space station, is damaged during launch on the last Saturn V.




	1973, May 25

	The Skylab 2 crew repairs the space station, completes a 28-day flight.




	1973, July 28

	The Skylab 3 crew completes a 60-day flight.




	1973, November 16

	The Skylab 4 crew completes an 84-day flight.




	1975, July 15

	An Apollo and a Soyuz dock in Earth orbit.




	1976, September 17

	Space Shuttle OV-101 Enterprise rolls out.




	1981, April 12

	STS-1 is the first flight of Space Shuttle OV-102 Columbia.




	1982, November 11

	STS-5 carries the first five-person crew, and is the first Space Shuttle deployment of commercial satellites.




	1983, April 4

	STS-6 is the first flight of OV-099 Challenger.




	1983, November 28

	STS-9 is the first Spacelab flight, and carries the first six-person crew.




	1984, August 30

	STS-41D is the first flight of OV-103 Discovery.




	1984, October 5

	STS-41G carries the first seven-person crew.




	1985, January 24

	STS-51C is the first military Space Shuttle mission.




	1985, October 3

	STS-51J is the first flight of OV-104 Atlantis.




	1985, October 30

	STS-61A carries the first eight-person crew.




	1986, January 28

	OV-099 Challenger is destroyed during the launch of STS-51L.




	1989, July 20

	George H. W. Bush announces the Space Exploration Initiative for human missions to the Moon and Mars.




	1990, April 24

	STS-31 deploys the Hubble Space Telescope, but its primary mirror is misshapen.




	1991, April 28

	STS-39 is the last military Space Shuttle mission.




	1992, May 7

	STS-49, the first flight of OV-105 Endeavour, is the last commercial satellite deployment from the Space Shuttle.




	1993, December 2

	The STS-61 crew installs corrective optics in the Hubble Space Telescope.




	1995, June 27

	STS-71 is the first Mir docking mission.




	1995, July 13

	STS-70 is the last satellite deployment from the Space Shuttle.




	1998, June 2

	STS-91 is the last Spacelab mission and the last Mir docking mission.




	1998, October 29

	STS-95 is John Glenn’s second spaceflight.




	1998, December 4

	STS-88 deploys the first U.S. International Space Station module.




	2003, January 16

	OV-102 Columbia is destroyed during the reentry of STS-107.




	2004, January 14

	George W. Bush announces the Vision for Space Exploration for missions to the Moon and Mars.




	2004, June 21

	Mike Melvill pilots SpaceShipOne on its first flight above 100 kilometers.




	2004, October 4

	Mike Melvill pilots SpaceShipOne on its second flight above 100 kilometers in less than two weeks, winning the Ansari X-Prize.




	2010, February 1

	Barack Obama cancels the Constellation program for missions to the Moon and Mars.




	2010, December 8

	SpaceX launches and recovers its Dragon capsule.




	2011, July 8

	STS-135 completes the assembly of the International Space Station, and is the last Space Shuttle flight.




	2014, October 31

	SpaceShipTwo VSS Enterprise crashes during a test flight.




	2014, November 12

	The Rosetta spacecraft lands on a comet.




	2015, August 10

	The first food grown in space (lettuce) is eaten.




	2015, November 23

	Blue Origin successfully launches New Shepard.




	2016, March 1

	Scott Kelly returns to Earth, ending the Year in Space study.




	2017, September 15

	The Cassini space probe ends its mission after 13 years of studying Saturn.




	2019, February 13

	NASA declares the end of the Mars Opportunity rover mission after 5,498 days.






Chapter 1: From Aeronautics to Astronautics (1910s to 1940s)

Despite the Wright brothers being the first to achieve piloted, powered, heavier-than-air flight at Kitty Hawk, North Carolina, on December 17, 1903, aircraft development was pursued with greater urgency in Europe because of its great power rivalry, while the United States, being an ocean away from any military threat, saw aviation proceed at a more relaxed pace. Thus, the United States had lagged behind Europe in aeronautics by the outbreak of the First World War in August 1914; however, the conflict awakened the sleeping giant, and within seven months Congress created the National Advisory Committee for Aeronautics (NACA) “to supervise and direct the scientific study of the problems of flight, with a view to their practical solution, and to determine the problems which should be experimentally attacked, and to discuss their solution and their application to practical questions.”

Following the First World War, a new technology began to emerge that was outside the purview of the NACA: the liquid-propellant rocket.1 Small, solid-propellant rockets had been around for centuries, first as fireworks and then coming into their own as siege weapons in the early nineteenth century. It was the British inventor Sir William Congreve who provided “the rocket’s red glare” during the assault on Fort McHenry, Maryland, during the War of 1812. Later in the century, rocket-propelled harpoons were used to hunt whales. Shortly after the First World War, however, Robert Goddard, a physics professor at Clark College in Massachusetts, published a paper with the Smithsonian Institution, “A Method of Reaching Extreme Altitudes,” in which he described the use of liquid propellants in rockets. While solid-propellant rockets were simple devices having no moving parts, the available technology for casting solid propellant limited their size. They were also less efficient in terms of energy per unit of mass. The specific impulse is derived from the velocity of the exhaust gasses in a rocket nozzle; the higher the exhaust velocity, the less the propellant necessary to achieve the same burnout velocity of the rocket; thus, the rocket can be made much smaller. Higher exhaust velocity is the great advantage of liquid-propellant rockets; the disadvantage was in their complex construction: tanks to hold the propellants, pipes to conduct the propellants to the rocket engine, and either gas pressure or turbines to drive the propellants from the tanks through the pipes to the engine. Another problem with liquid propellants was in their handling; fuels such as alcohol or kerosene were volatile, and liquid oxygen, the typical oxidizer used to burn the fuel, was extremely cold (90.19 K, −182.96°C, −297.33°F), which presented metallurgical challenges, for metals could become very brittle at such temperatures. In 1919, Goddard’s claim that a rocket might someday reach the Moon seemed outlandish; he was proven right 40 years later when the Soviet automated probe Luna 2 impacted on the Moon on September 13, 1959, but in the 1920s his experimental rockets, funded by the Smithsonian, were very modest. In 1926, he succeeded in launching the first of his liquid-propellant rockets. In 1930, with the support of the philanthropic Guggenheim family, Goddard moved to the wide-open spaces of Roswell, New Mexico, where he could develop larger rockets without endangering any neighbors. Also, the arid climate was easier on his tuberculosis.

Goddard’s successes did not attract the interest of the U.S. government. As it had been during the prelude to the First World War, in its aftermath also, the United States was confident of its isolation from conflicts, protected as it was by two oceans that were patrolled by its powerful navy. The climate in interwar Germany was very different, however. The rocketry pioneer and prolific writer Willy Ley cofounded the Verein für Raumschiffahrt (Society for Space Travel) only a year after Goddard’s first success, and in 1930, Wernher von Braun, then still a student, joined the group and assisted Ley in his liquid-propellant rocket engine tests. In September of that year, the VfR solicited the Wehrmacht for funding. Rocketry was one of the few fields of military development not restricted by the 1919 Treaty of Versailles at the conclusion of the First World War, and thus it was of special interest to ordnance officer Walter Dornberger. In early 1932, Captain Dornberger accompanied two senior officers to the proving ground outside of Berlin that the Wehrmacht had provided the VfR. There they viewed a rocket firing, and although the firing failed, shortly thereafter, Dornberger offered a contract to the VfR for a demonstration launch. The group’s rockets were now reaching altitudes above 1 kilometer (3,300 feet), and the larger rockets it contemplated required more funding; nevertheless, the group rejected the Wehrmacht contract amid much dissension as Adolf Hitler came to power in early 1933. The society dissolved a year later.

Von Braun and others who had been in favor of the contract went over to the Wehrmacht research program headed by Dornberger. After developing and testing three earlier Aggregat rockets, the A5, a scaled-down version of the planned A4, was designed around the same engine that had powered the A3. The first launch of the A5, which was 5.825 meters (19.11 feet) long, took place in mid-1938. In all, there were some 70 launches of the A5 through 1941, reaching as high as 12 kilometers (7.5 miles).

Funded by the Wehrmacht with the object of producing a practical weapon, von Braun’s team was now well ahead of Goddard in terms of engine size. However, size was not Goddard’s objective, nor were a string of successful tests; he learned equally from failures and successes, and funding from the Guggenheim family was not contingent on developing any finished product. Thus, Goddard was able to experiment more freely, albeit on a smaller scale; he was not in a race with the Germans or with anyone else. At the end of 1941, he turned to developing jet-assisted takeoff (JATO) engines2 for naval aviation to shorten takeoff distances, eventually moving to the U.S. Navy’s Engineering Experiment Station at Annapolis, Maryland, the following year. He was dissatisfied with the small scale of the project, preferring to develop a long-range missile, but he accepted the Navy project out of patriotism; the United States had entered the Second World War.

At Peenemünde, von Braun’s group scaled up the successful A3 engine to a new 311.8 kilonewton (70,095 pound-thrust) engine to power the A4. The first A4 flew in March 1942, flying about 1.6 kilometers (1 mile) before crashing into the Baltic Sea. The second A4 reached an altitude of 11 kilometers (7 miles) before exploding. The third flight on October 3, 1942 was a complete success, reaching an altitude of 83 kilometers (52 miles) before landing 193 kilometers (120 miles) downrange. Dornberger was elated. “Do you realize what we accomplished today? Today the spaceship was born!” It was true that the A4 had reached outer space,3 but the entire team was aware that the Wehrmacht expected a weapon to be mass-produced in due course, to be launched by the thousands against the Allies. Launches of what Joseph Goebbels now called the Vergeltungswaffe Zwei (Retribution Weapon 2) against Allied targets began in September 1944, a month after the Allied breakout from Normandy. The Wehrmacht was retreating on the western and eastern fronts, and it had long since lost North Africa and southern Italy; it was not within the power of the V-2 to turn the tide of war. It was a novel weapon. As there was no defense against it as there was against bomber aircraft and the V-14 and as there was no warning of its supersonic attack from the edge of outer space, it was a terrifying weapon. Yet it could deliver only a 1-ton payload to a target only 320 kilometers (200 miles) distant, and each rocket could only do so once; in contrast, a Boeing B-17 could deliver a 2.7-ton payload to a target 1,600 kilometers (1,000 miles) away, and it could return to base to fly the next sortie.

As the Nazi regime imploded during the spring of 1945, it was clear to the Peenemünde team that the victorious Allies would prohibit further rocket development in Germany, and the question became whether to defect to the Soviets or to the Western Allies. The Red Army was closer to Peenemünde, and as the team may well have guessed, Peenemünde fell within the sector that was scheduled to be occupied by the Soviets as agreed among the Allies. Most of group recoiled at the prospect of falling into Soviet hands, so when they received orders to relocate westward to central Germany, they saw it as their chance to travel closer to the American lines. At the same time, U.S. intelligence, appreciating the value of what the Peenemünde team’s future research might achieve, launched the clandestine Operation Paperclip to recruit members of the team and to recover as much technical material as possible before the Red Army moved in, including fully-assembled A4s, parts, and drawings.

A captured A4 was brought to Annapolis in the spring of 1945, where after a detailed examination, Goddard was convinced that the Germans had spied on him and stolen his work. Von Braun was among the first group of seven to arrive in Boston in September 1945. One cannot but wonder what it would have been like for von Braun and Goddard, these two giants of early rocketry, to meet each other, but it was not to be. The humid climate of Annapolis had caused Goddard’s health to decline steadily, and he passed away a month before von Braun’s arrival. When he was given the opportunity to inspect Goddard’s rockets, von Braun declared, “Dr. Goddard was ahead of us all.”

The Second World War, and the competition between Wernher von Braun (and the Germans) and Robert Goddard (and the Americans), would only be the start of competition related to space. The competition on aeronautics, astronautics, space travel, and space exploration was set into motion.


LAWS CREATING NACA AND NASA (1915–1958)

These laws, dating back to 1915, formed the basis of the space program. The National Advisory Committee for Aeronautics (NACA) was created to promote and regulate aeronautical research, and began as a twelve-member, unpaid advisory committee with an annual budget of $5,000. As technology and priorities changed over time, the committee grew in size, gained a larger budget, and was given more wide-spreading responsibilities. In 1958, NACA was transformed into the National Aeronautics and Space Administration (NASA). Today, NASA has over 80,000 employees and contractors, and a budget of $21 billion. Its administrator is appointed by the president and approved by the Senate.



An Act making appropriations for the naval service for the fiscal year ending June thirtieth, nineteen hundred and sixteen, and for other purposes.

An Advisory Committee for Aeronautics is hereby established, and the President is authorized to appoint not to exceed twelve members, to consist of two members from the War Department, from the office in charge of military aeronautics; two members from the Navy Department, from the office in charge of naval aeronautics; a representative each of the Smithsonian Institution, of the United States Weather Bureau, and of the United States Bureau of Standards; together with not more than five additional persons who shall be acquainted with the needs of aeronautical science, either civil or military, or skilled in aeronautical engineering or its allied sciences: Provided, That the members of the Advisory Committee for Aeronautics, as such, shall serve without compensation: Provided further, That it shall be the duty of the Advisory Committee for Aeronautics to supervise and direct the scientific study of the problems of flight, with a view to their practical solution, and to determine the problems which should be experimentally attacked, and to discuss their solution and their application to practical questions. In the event of a laboratory or laboratories, either in whole or in part, being placed under the direction of the committee, the committee may direct and conduct research and experiment in aeronautics in such laboratory or laboratories: And provided further, That rules and regulations for the conduct of the work of the committee shall be formulated by the committee and approved by the President.

That the sum of $5,000 a year, or so much thereof as may be necessary, for five years is hereby appropriated, out of any money in the Treasury not otherwise appropriated, to be immediately available, for experimental work and investigations undertaken by the committee, clerical expenses and supplies, and necessary expenses of members of the committee in going to, returning from, and while attending meetings of the committee: Provided, That an annual report to the Congress shall be submitted through the President, including an itemized statement of expenditures.

Source: Public Law 271, 63rd Congress, 3rd session, passed March 3, 1915 (38 Stat. 930)



Air Commerce Act of 1926

Sec. 2. PROMOTION OF AIR COMMERCE. It shall be the duty of the Secretary of Commerce to foster air commerce in accordance with the provisions of this Act, and for such purpose—

(b) To make recommendations to the Secretary of Agriculture as to necessary meteorological service.

(c) To study the possibilities for the development of air commerce and the aeronautical industry and trade in the United States and to collect and disseminate information relative thereto and also as regards the existing state of the art.

(d) To advise with the Bureau of Standards and other agencies in the executive branch of the Government in carrying forward such research and development work as tends to create improved air navigation facilities. The Secretary of Commerce is authorized to transfer funds available for carrying out the purposes of this subdivision to any such agency for carrying forward such research and development work in cooperation with the Department of Commerce.

(e) To investigate, record, and make public the causes of accidents in civil air navigation in the United States.

(f) To exchange with foreign governments through existing governmental channels information pertaining to civil air navigation.

Source: Public Law 254, 69th Congress, 1st session, passed May 20, 1926 (44 Stat. 568)



An Act To provide more effectively for the national defense by increasing the efficiency of the Air Corps of the Army of the United States, and for other purposes.

A board to be known as the patents and design board is hereby created, the three members of which shall be an Assistant Secretary of War, an Assistant Secretary of the Navy, and an Assistant Secretary of Commerce. To this board any individual, firm, or corporation may submit a design for aircraft, aircraft parts, or aeronautical accessories, and whether patented or unpatentable, the said board upon the recommendation of the National Advisory Committee for Aeronautics shall determine whether the use of such designs by the Government is desirable or necessary, and evaluate the designs so submitted and fix the worth to the United States of said design, not to exceed $75,000. The said designer, individual, firm, or corporation may then be offered the sum fixed by the board for the ownership or a nonexclusive right to the use of the design in aircraft, aircraft parts, or aeronautical accessories and upon the acceptance thereof shall execute complete assignment or nonexclusive license to the United States: Provided, That no sum in excess of $75,000 shall be paid for any one design.

Source: Public Law 446, 69th Congress, 1st session, passed July 2, 1926 (44 Stat. 788)



An Act To increase the membership of the National Advisory Committee for Aeronautics.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That the membership of the National Advisory Committee for Aeronautics is hereby increased from twelve members to fifteen members: Provided, That the three additional members to be appointed by the President shall be acquainted with the needs of aeronautical science, either civil or military, or skilled in aeronautical engineering or its allied sciences, and shall serve as such without compensation.

Source: Public Law 908, 70th Congress, 2nd session, passed March 2, 1929 (45 Stat. 1451)



Civil Aeronautics Act of 1938

Section 1105. “ . . . Nothing contained in this Act shall be construed to authorize the duplication of the laboratory research facilities of any existing governmental agency.”

Section 1107. (e) “The ninth paragraph of the Act approved March 3, 1915 (38 Stat. 930), as amended by the Act of March 2, 1929 (45 Stat. 1451; U.S.C., 1934 ed., title 50, sec. 151), is further amended by inserting after the words ‘naval aeronautics;’ in that paragraph the following: ‘two members from the Civil Aeronautics Authority;’ by striking out the word ‘eight’ in that paragraph and inserting in lieu thereof the word ‘six’, and by striking out the colon after the words ‘allied sciences’ and inserting in lieu thereof a period and the following: ‘The members of the National Advisory Committee for Aeronautics, not representing governmental agencies, in office on the date of enactment of the Civil Aeronautics Act of 1938, shall continue to serve as members of the committee until the effective date of expiration of the terms of the members whom they succeed, except that any such successor, appointed to fill a vacancy occurring prior to the expiration of a term, shall be appointed only for the unexpired term of the member whom he succeeds:’”

Source: Public Law 706, 75th Congress, 3rd session, passed June 23, 1938 (52 Stat. 1027)



An Act Authorizing overtime pays for certain employees of the National Advisory Committee for Aeronautics.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That compensation for employment in excess of forty hours in any administrative workweek computed at a rate of one and one-half times the regular rate is hereby authorized to be paid hereafter, under such regulations as the President may prescribe, to those employees in the field service of the National Advisory Committee for Aeronautics whose overtime services are essential to the national defense program and whose duties are determined by the President to be comparable to the duties of those employees of the War Department, the Navy Department, and the Coast Guard, for whom overtime compensation is authorized under existing law and regulations: Provided, That in determining the overtime compensation of per annum employees the base pay for one day shall be considered to be one three-hundred-and-sixtieth of the respective per annum salaries.

Sec. 2. The provisions of this Act shall be effective during the national emergency declared by the President on September 8, 1939, to exist, and shall terminate June 30, 1943, unless the Congress shall otherwise provide.

Source: Public Law 450, 77th Congress, 2nd session, passed February 10, 1942 (56 Stat. 88)



An Act To promote the national defense by increasing the membership of the National Advisory Committee for Aeronautics and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That the eighth paragraph following the caption “Pay, miscellaneous” in the Act entitled “An Act making appropriations for the naval service for the fiscal year ending June thirtieth, nineteen hundred and sixteen, and for other purposes,” approved March 3, 1915 (38 Stat. 930; U.S.C., title 49, sec. 241), as amended, is hereby amended to read as follows:



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

“(a) There is hereby established a National Advisory Committee for Aeronautics (hereinafter referred to as the ‘Committee’) to be composed of not more than seventeen members appointed by the President. Members shall serve as such without compensation, and shall include two representatives of the Department of the Air Force; two representatives of the Department of the Navy, from the office in charge of naval aeronautics; two representatives of the Civil Aeronautics Authority; one representative of the Smithsonian Institution; one representative of the United States Weather Bureau; one representative of the National Bureau of Standards; the chairman of the Research and Development Board of the National Military Establishment; and not more than seven other members selected from persons acquainted with the needs of aeronautical science, either civil or military, or skilled in aeronautical engineering or its allied sciences. Unless otherwise provided by law, each member not representing a government department or agency: Shall be appointed for a term of five years from the date of the expiration of the term of the member whom he succeeds, except that any member appointed to fill a vacancy occurring prior to the expiration of a term shall be appointed for the unexpired term of the member whom he succeeds.

“(b) Under such rules and regulations as shall be formulated by the Committee, with the approval of the President, for the conduct of its work, it shall be the duty of the Committee (1) to supervise and direct the scientific study of the problems of flight with a view to their practical solution, (2) to determine the problems which should be experimentally attacked, and to discuss their solution and their application to practical questions, and (3) to direct and conduct research and experiment in aeronautics in the Langley Aeronautical Laboratory, the Ames Aeronautical Laboratory, the Flight Propulsion Research Laboratory, and in such other laboratory or laboratories as may, in whole or in part, be placed under the direction of the Committee.

“(c) An annual report to the Congress shall be submitted by the Committee through the President, including an itemized statement of expenditures.”

Sec. 2. Each member of the National Advisory Committee for Aeronautics not representing a government department or agency who may be appointed initially to fill any vacancy created by the increase in the membership of the Committee authorized by the amendment made by the first section of this Act shall serve under such appointment for a term expiring December 1, 1950.

Sec. 3. The following parts of Acts are hereby repealed:

(a) That portion of the ninth paragraph following the caption “Pay, miscellaneous”, in the Act entitled “An Act making appropriations for the naval service for the fiscal year ending June thirtieth, nineteen hundred and sixteen, and for other purposes”, approved March 3, 1915 (38 Stat. 930; U.S.C., title 49, sec. 243), which reads as follows: “: Provided, That an annual report to the Congress shall be submitted through the President, including an itemized statement of expenditures”.

(b) That portion of the paragraph following the caption “National Advisory Committee for Aeronautics”, in the Act entitled “An Act making appropriations for sundry civil expenses of the Government for the fiscal year ending June thirtieth, nineteen hundred and nineteen, and for other purposes”, approved July 1, 1918 (40 Stat. 650; U.S.C., title 49, sec. 242), which reads as follows: “Provided, That the Secretary of War is authorized and directed to furnish office space to the National Advisory Committee for Aeronautics in governmental buildings occupied by the Signal Corps”.

(c) The portion of the first paragraph following the caption “National Advisory Committee for Aeronautics”, in the Act entitled “An Act making appropriations for the Executive Office and sundry independent executive bureaus, boards, commissions, and offices for the fiscal year ending June 30, 1927, and for other purposes”, approved April 22, 1926 (44 Stat. 314; U.S.C., title 49, sec. 244), which reads as follows: “, hereafter to be known as the Langley Memorial Aeronautical Laboratory”.

Source: Public Law 549, 80th Congress, 2nd session, passed May 25, 1948 (62 Stat. 266)



An Act To amend the Act of August 1, 1947, as amended, to authorize the creation of ten professional and scientific positions in the headquarters and research stations of the National Advisory Committee for Aeronautics.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That the first section of the Act entitled “An Act To authorize the creation of additional positions in the professional and scientific service in the War and Navy Departments”, approved August 1, 1947, as amended, is hereby amended to read as follows:

“That (a) the Secretary of the Army, the Secretary of the Navy, and the Secretary of the Air Force are respectively authorized to establish and fix the compensation for, within their respective departments, not more than thirteen positions each, and the Secretary of Defense is authorized to establish and fix the compensation for not more than six positions, each such position being established to effectuate those research and development functions, relating to the national defense, military and naval medicine, and any and all other activities of the National Military Establishment which requires the services of specially qualified scientific or professional personnel.

“(b) The Chairman of the National Advisory Committee for Aeronautics is authorized to establish and fix the compensation for, in the headquarters and research stations of the National Advisory Committee for Aeronautics, not to exceed ten positions in the professional and scientific service, each such position being established in order to enable the National Advisory Committee for Aeronautics to secure and retain the services of specially qualified personnel necessary in the discharge of the duty of the committee to supervise and direct the scientific study of the problems of flight with a view to their practical solution.

“(c) The rates of compensation for positions established pursuant to the provisions of this Act shall not be less than $10,000 per annum nor more than $15,000 per annum and shall be subject to the approval of the Civil Service Commission.”

Sec. 2. Section 3 of such Act of August 1, 1947, as amended, is hereby amended to read as follows:

“Sec. 3. The Secretary of Defense and the Chairman of the National Advisory Committee for Aeronautics shall submit to the Congress, not later than December 31 of each year, a report setting forth the number of positions established pursuant to this Act in the National Military Establishment and in the headquarters and research stations of the National Advisory Committee for Aeronautics, respectively, during that calendar year, and the name, rate of compensation, and description of the qualifications of each incumbent, together with a statement of the functions performed by each. In any instance where the Secretary or the Chairman, respectively, may consider full public report on these items detrimental to the national security, he is authorized to omit such items from his annual report and, in lieu thereof, to present such information in executive sessions of such committees of the Senate and House of Representatives as the presiding officers of those bodies shall designate.”

Source: Public Law 167, 81st Congress, 1st session, passed July 13, 1949 (63 Stat. 410)



Unitary Wind Tunnel Plan Act of 1949

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,

Sec. 101. The National Advisory Committee for Aeronautics (hereinafter referred to as the “Committee”) and the Secretary of Defense are hereby authorized and directed jointly to develop a unitary plan for the construction of transonic and supersonic wind-tunnel facilities for the solution of research, development, and evaluation problems in aeronautics, including the construction of facilities at educational institutions within the continental limits of the United States for training and research in aeronautics, and to revise the uncompleted portions of the unitary plan from time to time to accord with changes in national defense requirements and scientific and technical advances. The Committee and the Secretaries of the Army, the Navy, and the Air Force are authorized to proceed with the construction and equipment of facilities in implementation of the unitary plan to the extent permitted by appropriations pursuant to existing authority and the authority contained in titles I and II of this Act. Any further implementation of the unitary plan shall be subject to such additional authorizations as may be approved by Congress.

Sec. 102. The Committee is hereby authorized, in implementation of the unitary plan, to construct and equip transonic or supersonic wind tunnels of size, design and character adequate for the efficient conduct of experimental work in support of long-range fundamental research, at educational institutions within the Continental United States, to be selected by the Committee, or to enter into contracts with such institutions to provide for such construction and equipment, at a total cost not to exceed $10,000,000: Provided, That the Committee may, in its discretion, after consultation with the Committees on Armed Services of both Houses of the Congress, vest title to the facilities completed pursuant to this Section in such educational institutions under such terms and conditions as may be deemed in the best interests of the United States.

Sec. 103. (a) The Committee is hereby authorized to expand the facilities at its existing laboratories by the construction of additional supersonic wind tunnels, including buildings, equipment, and accessory construction, and by the acquisition of land and installation of utilities.

(b) There is hereby authorized to be appropriated such sums as may be necessary to carry out the purposes of this section, but not to exceed $136,000,000.

(c) The facilities authorized by this section shall be operated and staffed by the Committee but shall be available primarily to industry for testing experimental models in connection with the development of aircraft and missiles. Such tests shall be scheduled and conducted in accordance with industry’s requirements and allocation of laboratory time shall be made in accordance with the public interest, with proper emphasis upon the requirements of each military service and due consideration of civilian needs.

Sec. 104. The Secretary of the Navy is hereby authorized, in implementation of the unitary plan, to expand the naval facilities at the David W. Taylor Model Basin, Carderock, Maryland, by the construction of a wind tunnel, including buildings, equipment, utilities, and accessory construction, at a cost not to exceed $6,600,000.

Sec. 105. The Committee shall submit semiannual written reports to the congress covering the selection of institutions and contracts entered into pursuant to section 102 of this title together with other pertinent information relative to the Committee’s activities and accomplishments there under.

Source: Public Law 415, 81st Congress, 1st session, passed October 27, 1949 (63 Stat. 936)



An Act To promote the national defense and to contribute to more effective aeronautical research by authorizing professional personnel of the National Advisory Committee for Aeronautics to attend accredited graduate schools for research and study.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That the National Advisory Committee for Aeronautics (hereinafter referred to as the NACA) is authorized to grant to any professional employee of demonstrated ability, who has served not less than one year in the NACA, a leave or leaves of absence from his regularly designated duties for the purpose of allowing such employee to carry on graduate study or research in institutions of learning accredited as such by the laws of any State.

Sec. 2. Leaves of absence may be granted under authority of this Act only for such graduate research or study as will contribute materially to the more effective functioning of the NACA.

Sec. 3. Leave or leaves of absence which may be granted to any employee under authority of this Act shall not exceed a total of one year.

Sec. 4. Tuition and other incidental academic expenses shall be borne by the employee.

Sec. 5. Any leave of absence granted under the provisions of this Act shall be without loss of salary or compensation to the employee and shall not be deducted from any leave of absence with pay authorized by any other law. Any such employee shall make a definite statement, in writing, that he will return to and, unless involuntarily separated, will remain in the service of the NACA for a period of six months if the period for which he is granted such leave of absence does not exceed twelve weeks, or for a period of one year if the period of leave exceeds twelve weeks. Any employee who does not fulfill any such commitment shall be required to reimburse the Government for the amount of leave granted under this Act.

Sec. 6. The total of the sums expended pursuant to this Act, including all sums expended for the payment of salaries or compensation to employees on leave, shall not exceed $50,000 in any fiscal year.

Source: Public Law 472, 81st Congress, 2nd session, passed April 11, 1950 (64 Stat. 43)



An Act To promote the national defense by authorizing specifically certain functions of the National Advisory Committee for Aeronautics necessary to the effective prosecution of aeronautical research, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled, That the National Advisory Committee for Aeronautics is hereby authorized-

(a) to equip, maintain, and operate offices, laboratories, and research stations under its direction;

b) to acquire additional land for, undertake additional construction at, and purchase and install additional equipment for, existing laboratories and research stations under its direction; and

(c) to purchase and maintain cafeteria equipment.

Sec. 2. Notwithstanding any other provision of law, the Department of Defense or any other governmental agency or any component thereof is authorized to transfer supplies, equipment, aircraft, and aircraft parts to the Committee without reimbursement: Provided, That such transfers shall be reported by the Committee to the Director of the Bureau of the Budget in accordance with regulations prescribed by him: Provided further, That this section shall not be construed as authorizing the transfer of administrative supplies or equipment: And provided further, That this section shall not be construed as prohibiting the loan of items of any sort to the Committee.

Sec. 3. Statutory provisions prohibiting the payment of compensation to aliens shall not apply to any persons whose employment is determined by the Committee to be necessary: Provided, That no such alien shall be employed until he has been cleared for such appointment as a result of an appropriate security investigation as determined by the Director of the Committee.

Sec. 4. Section 1, paragraph (b), subparagraph (3), of the Act entitled “An Act to promote the national defense by increasing the membership of the National Advisory Committee for Aeronautics, and for other purposes”, approved May 25, 1948, is hereby amended by striking out the words “Flight Propulsion Laboratory” and by substituting in lieu thereof the words “Lewis Flight Propulsion Laboratory.”

Sec. 5. There is hereby authorized to be appropriated, out of any money in the Treasury not otherwise appropriated, such sums of money as may be necessary for the purposes of section 1 (b) of this Act, but not to exceed $16,500,000.

Sec. 6. Appropriations made to carry out the purposes of this Act shall be available for expenses incident to construction, including Administrative overhead, planning and surveys, and shall be available until expended when specifically provided in the appropriation Act.

Sec. 7. Any projects authorized herein may be prosecuted under direct appropriations or authority to enter into contracts in lieu of such appropriation.

Source: Public Law 672, 81st Congress, 2nd session, passed August 8, 1950 (64 Stat. 418)



Federal Executive Pay Act of 1956

Title V of this act provided for additional scientific and professional positions. Sec. 510 (b) dealt with the NACA:



The Chairman of the National Advisory Committee for Aeronautics is authorized to establish and fix the compensation for, in the headquarters and research stations of the National Advisory Committee for Aeronautics, not to exceed thirty positions in the professional and scientific service, each such position being established in order to enable the National Advisory Committee for Aeronautics to secure and retain the services of specially qualified personnel necessary in the discharge of the duty of the Committee to supervise and direct the scientific study of the problems of flight with a view to their practical solution.



Source: Public Law 584, 84th Congress, 2nd session, passed July 31, 1956 (70 Stat. 761)



National Aeronautics and Space Act of 1958

Sec. 301. (a) The National Advisory Committee for Aeronautics, on the effective date of this section, shall cease to exist. On such date all functions, powers, duties, and obligations, and all real and personal property, personnel (other than members of the Committee), funds, and records of that organization, shall be transferred to the Administration.

(b) Section 2302 of title 10 of the United States Code is amended by striking out “or the Executive Secretary of the National Advisory Committee for Aeronautics” and inserting in lieu thereof “or the Administrator of the National Aeronautics and Space Administration”; and section 2303 of such title 10 is amended by striking out “The National Advisory Committee for Aeronautics” and inserting in lieu thereof “The National Aeronautics and Space Administration.”

(c) The first section of the Act of August 26, 1950 (5 U.S.C. 22-1), is amended by striking out “the Director, National Advisory Committee for Aeronautics” and inserting in lieu thereof “the Administrator of the National Aeronautics and Space Administration”, and by striking out “or National Advisory Committee for Aeronautics” and inserting in lieu thereof “or National Aeronautics and Space Administration”.

(d) The Unitary Wind Tunnel Plan Act of 1949 (50 U.S.C. 511-515) is amended (1) by striking out “The National Advisory Committee for Aeronautics (hereinafter referred to as the ‘Committee’)” and inserting in lieu thereof “The Administrator of the National Aeronautics and Space Administration (hereinafter referred to as the ‘Administrator’)”; (2) by striking out “Committee” or “Committee’s” wherever they appear and inserting in lieu thereof “Administrator” and “Administrator’s”, respectively; and (3) by striking out “its” wherever it appears and inserting in lieu thereof “his”.

(e) This section shall take effect ninety days after the date of the enactment of this Act, or on any earlier date on which the Administrator shall determine, and announce by proclamation published in the Federal Register, that the Administration has been organized and is prepared to discharge the duties and exercise the powers conferred upon it by this Act.

Source: Public Law 568, 85th Congress, 2nd session, passed July 29, 1958 (72 Stat. 426)

ROBERT GODDARD, “A METHOD OF REACHING EXTREME ALTITUDE” (1919)

This excerpt from Robert Goddard’s groundbreaking work describes the theory and experiments behind launching rockets. At this time, the highest any object had been launched was about 20 miles. In this paper, Goddard calculated the means necessary to launch a rocket higher into the atmosphere. However, he states that the most practical use would be collecting weather data regularly at five to six miles height; while he postulates getting to the Moon, he does not see a justifiable scientific reason to do so.

This paper, and specifically his mention of the possibility of going to the Moon, was widely mocked. An editorial in the New York Times (January 13, 1920) claimed that Goddard “seems to lack the knowledge ladled out daily in high schools.” Goddard would be proven correct, however; after the launch of Apollo 11 in 1969, the Times printed a correction.



A search for methods of raising recording apparatus beyond the range for sounding balloons (about 20 miles) led the writer to develop a theory of rocket action, in general, taking into account air resistance and gravity. The problem was to determine the minimum initial mass of an ideal rocket necessary, in order that on continuous loss of mass, a final mass of one pound would remain, at any desired altitude.

An approximate method was found necessary, in solving this problem, in order to avoid an unsolved problem in the Calculus of Variations. The solution that was obtained revealed the fact that surprisingly small initial masses would be necessary provided the gases were ejected from the rocket at a high velocity, and also provided that most of the ·rocket consisted of propellant material. The reason for this is, very briefly, that the velocity enters exponentially in the expression for the initial mass. Thus if the velocity of the ejected gases be increased five fold, for example, the initial mass necessary to reach a given height will be reduced to the fifth root of that required for the lesser velocity.

It was obviously desirable to perform certain experiments: First, with the object of finding just how inefficient an ordinary rocket is, and secondly, to determine to what extent the efficiency could be increased in a rocket of new design. The term “efficiency” here means the ratio of the kinetic energy of the expelled gases to the heat energy of the powder, the kinetic energy being calculated from the average velocity of ejection. which was obtained indirectly by observations on the recoil of the rocket.

It was found that not only does the powder in an ordinary rocket constitute but a small fraction of the total mass (1/4 or 1/5), but that, furthermore, the efficiency is only 2 per cent, the average velocity of ejection being about 1,000 ft./sec. This was true even in the case of the Coston ship rocket, which was found to have a range of a quarter of a mile.

Experiments were next performed with the object of increasing the average velocity of ejection of the gases. Charges of dense smokeless powder were fired in strong steel chambers, these chambers being provided with smooth tapered nozzles, the object of which was to obtain the work of expansion of the gases, much as is done in the De Laval steam turbine. The efficiencies and velocities obtained in this way were remarkably high, the highest efficiency, or rather “duty,” being over 64 per cent, and the highest average velocity of ejection being slightly under 8,000 ft./sec., which exceeds any velocity hitherto attained by matter in appreciable amounts.

These velocities were proved to be real velocities, and not merely effects due to reaction against the air, by firing the same steel chambers in vacuo, and observing the recoil. The velocities obtained in this way were not much different from those obtained in air.

It will be evident that a heavy steel chamber, such as was used in the above-mentioned experiments, could not compete with the ordinary rocket, even with the high velocities which were obtained. If, however, successive charges were fired in the same chamber, much as in a rapid fire gun, most of the mass of the rocket could consist of propellant, and the superiority over the ordinary rocket could be increased enormously. Such reloading mechanisms, together with what is termed a “primary and secondary” rocket principle, are the subject of certain United States Letters Patent. Inasmuch as these two features are self-evidently operative, it was not considered necessary to perform experiments concerning them, in order to be certain of the practicability of the general method.

Regarding the heights that could be reached by the above method; an application of the theory to cases which the experiments show must be realizable in practice indicates that a mass of one pound could be elevated to altitudes of 35, 72, and 232 miles; by employing initial masses of from 3.6 to 12.6, from 5.1 to 24.3, and from 9.8 to 89.6 pounds, respectively. If a device of the Coston ship rocket type were used instead, the initial masses would be of the order of magnitude of those above, raised to the 27th power. It should be understood that if the mass of the recording instruments alone were one pound, the entire final mass would be 3 or 4 pounds.

Regarding the possibility of recovering apparatus upon its return, calculations show that the times of ascent and descent will be short, and that a small parachute should be sufficient to ensure safe landing.

Calculations indicate, further, that with a rocket of high efficiency, consisting chiefly” of propellant material, it should be possible to send small masses even to such great distances as to escape the earth’s attraction.

In conclusion, it is believed that not only has a new and valuable method of reaching high altitudes been shown to be operative in theory, but that the experiments herein described settle all the points upon which there could be reasonable doubt.

IMPORTANCE OF THE SUBJECT

The greatest altitude at which soundings of the atmosphere have been made by balloons, namely, about 20 miles, is but a small fraction of the height to which the atmosphere is supposed to extend. In fact, the most interesting, and in some ways the most important, part of the atmosphere lies in this unexplored region; a means of exploring which has, up to the present, not seriously been suggested.

A few of the more important matters to be investigated in this region are the following: the density, chemical constitution, and temperature of the atmosphere, as well as the height to which it extends. Other problems are the nature of the aurora, and (with apparatus held by gyroscopes in a fixed direction in space) the nature of the . . . radioactive rays from matter in the sun as well as the ultra-violet spectrum of this body.

Speculations have been made as to the nature of the upper atmosphere- those by Wegener being, perhaps, the most plausible. By estimating the temperature and percentage composition of the gases present in the atmosphere, Wegener calculates the partial pressures of the constituent gases, and concludes that there are four rather distinct regions or spheres of the atmosphere in which certain gases predominate: the troposphere, in which are the clouds; the stratosphere, predominatingly nitrogen; the hydrogen sphere; and the geocoronium sphere. This highest sphere appears to consist essentially of an element, “geocoronium,” a gas undiscovered at the surface of the earth, having a spectrum which is the single aurora line, and being 0.4 as heavy as hydrogen. The existence of such a gas is in agreement with Nicholson’s theory of the atom, and its investigation would, of course, be a matter of considerable importance to astronomy and physics as well as to meteorology. It is of interest to note that the greatest altitude attained by sounding balloons extends but one-third through the second region, or stratosphere.

No instruments for obtaining data at these high altitudes are herein discussed, but it will be at once evident that their construction is a problem of small difficulty compared with the attainment of the desired altitudes. . . .

APPLICATIONS TO DAILY OBSERVATIONS

Before leaving the subject of the attainment of high altitudes within the earth’s atmosphere, it will be well to mention briefly another application of the method herein discussed: namely, to the sending daily of small recording instruments to moderate altitudes, such as five or six miles. As is already understood, simultaneous daily observations of the vertical gradients of pressure, temperature, and wind velocity, at a large number of stations would doubtless be of great value in weather forecasting. The method herein described is evidently well suited for such a purpose, in tat the time of rise and fall would be short, so that the apparatus could easily be found on the return. Thus the expense would be slight, being simply that of a fresh magazine of cartridges for each day. . . .

It is of interest to speculate upon the possibility of proving that such extreme altitudes had been reached even if they actually were attained. In general, the proving would be a difficult matter. Thus, even if a mass of flash powder, arranged to be ignited automatically after a long interval of time, were projected vertically upward, the light would at best be very faint, and it would be difficult to foretell, even approximately, the direction in which it would be most likely to appear.

The only reliable procedure would be to send the smallest mass of flash powder possible to the dark surface of the moon when in conjunction (i.e., the “new” moon), in such a way that it would be ignited on impact. The light would then be visible in a powerful telescope. . . .

This plan of sending a mass of flash powder to the surface of the moon, although a matter of much general interest, is not of obvious scientific importance . . .

Source: Goddard, Robert H. A Method of Reaching Extreme Altitudes. Washington, DC: Smithsonian Institute, 1919.

ROBERT GODDARD, “ON THE PRESENT STATUS OF THE HIGH-ALTITUDE ROCKET” (DECEMBER 1923)

In this paper presented at a conference in 1923, Robert Goddard reacts to a paper by a competitor from Romania. He rejects claims that the competitor, Professor Oberth, originated some ideas that Goddard had patented years earlier. He also takes the opportunity to thank Clark University for funding him, and suggests that more funding would keep this program “an American piece of work.” Importantly, he claims that “the results make reasonably certain the opening of a new field of scientific endeavor, namely, the investigation of space.”



Although the apparatus is still in the testing-table stage, whereby the various problems incident to the construction of an effective scientific instrument are being studied and solved, there has been enough progress to make worth while a brief statement of what has been accomplished to date, particularly during the past two and a half years.

It was recognized early in the work (1909) that the greatest altitudes would be attained by the use of hydrogen and oxygen, using multiple rockets, but nothing more than a theoretical study of the subject was made, as such a propellant as smokeless powder appeared to involve much less experimental difficulty in the construction of a first model. This propellant was accordingly used in all the experiments up to 1921, which experiments were supported by a grant from the Smithsonian Institution.

In June 1921 a grant was made by the Trustees of Clark University, and it was decided to begin experimental work on what should lead eventually to the most effective form of high-altitude rocket, regardless of experimental difficulty, and to make use of liquids and of continuous propulsive force. The first tests with liquids were made in September 1921, and it was soon realized that what had appeared as the most difficult method tended in reality toward greatest simplicity. A further grant was made by Clark University in 1922, and the Smithsonian Institution has maintained its interest in the work.

During the period in which the work has been assisted by Clark University it has been found possible, by actual experiment, to produce continuous combustion and propulsive force; to obtain surprisingly good combustion, and to prevent undue heating of the combustion chamber, which was anticipated as one of the chief difficulties of continuous combustion. There is, in fact, but one more step, and one not involving unknown factors, which must be made before a model can be prepared in form for a trial flight.

This statement is, perhaps, of special interest at the present time inasmuch as a Professor H. Oberth, of Rumania, published a theoretical monograph in July of this year, on Die Rakete zit den Planetemaiimeii, having previously requested a copy of my publication in the Smithsonian Miscellaneous Collections, Vol. 71, No. 2, 1919, which was sent in May 1922. In this monograph Oberth claims to have considered the use of hydrogen and oxygen in 1912 (cf. 1909, above) and to have originated the idea of the use of liquids and of continuous combustion. It is only fair to say, however, that the writer’s original patents on rockets, issued over nine and a half years ago, concerned not only the use of several rockets of successively decreasing size, but also the feeding of “successive portions of combustible material to a combustion chamber,” and specifically described continuous combustion and the use of liquids.

Regarding the projecting of a rocket beyond the predominating gravitational field of the earth, Oberth estimates from theory a ratio of initial to final mass of hydrogen and oxygen rocket closely the same as that estimated by the writer, for these substances, in the above Smithsonian publication; namely 43 5 lb initial, per 1-lb final, mass, for an initial altitude of 15,000 ft and a thermodynamic efficiency of 51 percent, which is less than that realized for smokeless powder by the writer. This figure, 43.5, escaped the attention of most commentators on the article, who noticed only the figure 430 lb per pound for smokeless powder.

Oberth elaborates considerably on the possibility of including an operator in such a rocket, but admits the difficulty of returning, overlooking certain advantages in the use of hydrogen and oxygen hinted at, but not explained, in the above publication. In this connection, also, Oberth misses entirely an important application, outside the realm of thermodynamics, concerning which, incidentally, experiments have been performed and reported upon at Clark University.

Concerning such immediate matters as the design and construction of a model, and the use of a rocket carrying light instruments and photographic apparatus, it should be remembered that Oberth’s work, at least up to the time of publication of his monograph, was almost entirely theoretical. The work that has been performed at Clark University has, on the other hand, been actual experiments looking toward the construction of a model, some of which experiments, it is a pleasure to announce, have led to the solution of a problem which Oberth in his monograph says is impossible.

The tremendous importance of this rocket investigation is evident when it is considered that such a rocket (operating more effectively in a vacuum than in air) can penetrate a region which is inaccessible to the airplane and the balloon, and affords the possibility of obtaining records of temperature, pressure, and air composition, of interest in meteorology; of terrestrial magnetic and electric fields, of interest in terrestrial magnetism; and of the short-wave radiation of the sun and stars, which is prevented from reaching the earth by atmospheric absorption, of interest in astronomy, and of doing all these, and more, in a comparatively simple manner.

The writer takes this opportunity of thanking Clark University for support of the work, as this has made all the difference between complete inaction and the obtaining of highly interesting results. Even this support is, however, not sufficient to permit of rapid progress, and it therefore appears desirable not to make further details public at this time. To date, the results make reasonably certain the opening of a new field of scientific endeavor, namely, the investigation of space.

This has been distinctly an American piece of work; it originated in America, as the writer’s own interest and endeavors date back to 1899; the first theoretical work was published and the first experiments performed in America, and it seems very desirable that enough support be had to enable the work to be completed at an American laboratory.

Source: Paper read at the meeting of the American Association for the Advancement of Science, Cincinnati, Ohio. In Esther C. Goddard (ed)., The Papers of Robert H. Goddard, Volume 1. New York: McGraw-Hill Book Company, 1970, pp. 521–523.

LETTER FROM JOSEPH AIMES TO FIORELLO LAGUARDIA ON THE IMPORTANCE OF NACA (FEBRUARY 24, 1932)

In 1932, it was proposed that NACA, an independent government organization, be incorporated as part of the Bureau of Standards in the Department of Commerce. In this letter to NACA supporter Congressman Fiorello H. LaGuardia, Joseph Aimes, NACA chairman at the time, outlines the accomplishments of NACA. He points out the practical uses of the research done by NACA and its ability, as an independent agency, to collaborate with other departments. In attachments to the letter, Aimes lays out a ten-point argument for maintaining the committee as is and shares praise gathered in support of the committee.



My dear Mr. LaGuardia:

In response to your request of February 22, I am enclosing a copy of the Seventeenth Annual Report of the National Advisory Committee for Aeronautics, blue-penciled to indicate the principal activities of the organization, and also a memorandum relating to the present and future need of continuing the Committee.

The opposition the Committee has had in the past has not been formidable nor direct, with a single exception, and that was the action in December, 1925, by the Department of Commerce, not appreciating the real functions of the Committee, in incorporating in the original Senate draft of the Air Commerce Act of 1926 a section transferring the Committee to the Department of Commerce and making the Assistant Secretary of Commerce for Aeronautics Chairman of the Committee. That was approved by the Senate Committee on Commerce without the knowledge of the National Advisory Committee nor of the War or Navy Departments. After the bill was ordered favorably reported, one member of the Senate committee was apprised of the opposition of the War and Navy Departments and polled his colleagues, with the result that the bill was actually reported with a committee amendment striking out the objectionable section.

Aside from this incident, there has been no move by any committee of Congress to change the status of the National Advisory Committee since it was created as an independent establishment in 1915; nor has there been any effort other than that of the editor of the magazine Aero Digest, Mr. Frank A. Tichenor, who suggests that the National Advisory Committee for Aeronautics be eliminated “through the simple process of merging it with the Bureau of Standards.” This reckless suggestion now current is made by one who is not familiar with the real functions of the Committee in coordinating the work of the Bureau of Standards, along with that of other agencies of the Government concerned with aeronautics. Furthermore, the author of the suggestion has never to our knowledge visited the Committee’s laboratories, and has no evident qualifications to evaluate the results of scientific investigations in aeronautics.

The Committee as a coordinating agency in aeronautics brings about the efficient use of the facilities of all agencies of the Government. On fundamental problems relating to aeronautics the Committee is a clearing house for the Army, the Navy, the Department of Commerce, and also the aircraft industry.

The Committee has received many voluntary expressions from aeronautical authorities, including the most competent engineers in the aircraft industry, complimenting the organization on its effective work. For your information I am enclosing some extracts showing some of the viewpoints of others.

The National Advisory Committee for Aeronautics is not only an effective agency for coordination and prevention of duplication in the field of aeronautical research, but is also a service agency, serving the needs of the other governmental agencies concerned with aeronautics. It is a recognized principle in governmental organization that coordinating agencies and service agencies should remain independent.

The air organizations of the War and Navy Departments rely upon the Advisory Committee for the scientific knowledge and fundamental information that underlie progress in military and naval aircraft. The Department of Commerce and the aircraft industry are necessarily dependent also upon the Committee for the scientific investigation and study of fundamental problems.

The Government expends each year millions of dollars for the purchase of new aircraft for the Army and Navy and other millions through the Department of Commerce and the Post Office Department to promote the civil and commercial use of aircraft. The future of civil aviation is dependent upon the development of safer and more efficient types of aircraft. The increasing importance of aircraft for military and naval purposes makes it necessary that America have the most up-to-date and efficient aircraft. This means that America must keep abreast of other nations in the scientific development of the airplane.

It is not a matter of chance that at the present time the United States is at the forefront of progressive nations in the development of military and commercial aviation. It is the result of persistent and continuous research that has made it possible for American designers to develop aircraft of superior qualities.

I consider it a very serious matter to disturb the present status of the Committee as an independent establishment, as this status is largely responsible for its success. Any disturbance in status will affect adversely the efficiency of the organization and will undermine the very foundations of our aeronautical development.

The membership of the National Advisory Committee for Aeronautics includes seven governmental representatives from the War and Navy Departments, the Bureau of Standards, the Weather Bureau, and the Smithsonian Institution, and eight persons appointed from private life, all of whom serve as such without compensation. Its organization embraces eight principal committees and seven subcommittees, totaling 85 members, who also serve without compensation. It is evident, therefore, that this Committee represents the best thought of every group concerned with the technical development of aircraft.

I beg to assure you that I appreciate greatly your interest in the whole field of aeronautics and especially your interest in giving our Committee an opportunity to explain to you our point of view.

Sincerely yours,

JOSEPH S. AMES,

Chairman.

SOME REASONS WHY THE NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS SHOULD BE CONTINUED AS AN INDEPENDENT GOVERNMENT ESTABLISHMENT

Reference: Current Suggestion to Transfer the National Advisory Committee for Aeronautics to the Department of Commerce and to Merge It with the Bureau of Standards.

1. The National Advisory Committee for Aeronautics is at present an independent Government establishment created by law in 1915, charged with the duty of supervising and directing the scientific study of the problems of flight. This function is extraneous to the major purpose of any other governmental agency.

2. The Committee is an effective agency for coordination and prevention of duplication in the field of aeronautical research. It is a recognized principle that coordinating agencies should be independent.

3. The Committee is a service agency, serving the needs of all governmental agencies concerned with aeronautics. It is a recognized principle that service agencies should be independent.

4. Military, naval, and commercial aviation are under the War, Navy, and Commerce Departments respectively. There can be no question that the technical activities of the Aeronautics Branch of the Department of Commerce and of its Bureau of Standards should be coordinated with those of the War and Navy Departments. The National Advisory Committee for Aeronautics could not continue to coordinate effectively the activities of the War, Navy, and Commerce Departments relating to aeronautical research if the Committee were under the control of either of those departments.

5. For the Advisory Committee to discharge its duties efficiently and deal fairly and impartially with technical matters it should remain an independent establishment.

6. The War, Navy, and Commerce Departments now have representation on the National Advisory Committee for Aeronautics. To place the Committee under the control of the Department of Commerce would give a dominating influence to its representative, would have the effect of denying equality to the other members, and ultimately would destroy the value of the Committee as an impartial coordinating agency.

7. The natural and certain consequence would be that the air services of the Army and Navy would cease to rely upon the Advisory Committee as they do now for the scientific study and solution of the more fundamental problems of flight, and would follow their own independent lines of endeavor, which would result in duplication, waste, and inefficiency and retard progress in military and naval aircraft development.

8. The Advisory Committee would cease to be a “national” advisory committee for aeronautics and would become merely an advisory committee for civil and commercial aeronautics under and for the Department of Commerce.

9. The Committee membership includes representatives from all governmental agencies concerned with the development of aeronautics and eminent scientists and aeronautical authorities from private life, including such men as Dr. Joseph S. Ames, President of Johns Hopkins University (Chairman); Dr. David W. Taylor, former Chief Constructor of the Navy (Vice Chairman); Dr. William F. Durand, of California, an eminent consulting engineer; Dr. Orville Wright, the inventor of the airplane; Honorable Edward P. Warner, former Assistant Secretary of the Navy for Aeronautics; Honorable William P. MacCracken, Jr., former Assistant Secretary of Commerce for Aeronautics; Honorable Harry F. Guggenheim, former President of the Daniel Guggenheim Fund for the Promotion of Aeronautics, Incorporated; and Colonel Charles A. Lindbergh. All the members serve as such without compensation. The dignity of membership on the Committee in its present status of an independent establishment and the satisfaction that comes from service rendered in a truly patriotic devotion to duty constitute the only compensation of the members. This made possible the fact expressed by President Coolidge in 1924 that “through this Committee the talent of America has been marshaled in the scientific study of the problems of flight, with the result that America occupies a position in the forefront of progressive nations in the technical development of aeronautics. The status of the Committee as an independent Government establishment has largely made possible its success.”

10. To deny the Committee a continuance of its present independent status would inevitably lead to lowering of the caliber of its membership. The Committee could not long expect to hold the confidence of the Army and Navy air services nor exert the same healthy influence as in the past. The inevitable result would be the dissolution of the Committee and the loss to the nation of the organization which has been primarily responsible for the leading position taken by America in connection with aeronautical research. This position must be maintained if we are to continue to be in advance of all other nations in the technical development of aircraft.

SOME COMMENTS ON THE WORK OF THE NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

“Through this committee the talent of America has been marshaled in the scientific study of the problems of flight, with the result that today America occupies a position in the forefront of progressive nations in the technical development of aeronautics. The status of the committee as an independent Government establishment has largely made possible its success.”—Calvin Coolidge, President, U.S., The White House, Washington, D.C., Dec. 8, 1924, letter to Congress

Dwight W. Morrow, chairman of the President’s Aircraft Board, in referring to the testimony presented at their Hearings said “—it is interesting to note that the aviation work of the Post Office Department and of the Advisory Committee for Aeronautics practically escaped all criticism.”—Dwight W. Morrow (Letter to Dr. Ames Dec. 22, 1925)

“. . . The National Advisory Committee is an excellent example of the way to accomplish results, that is to say, by a permanent body of men largely from within the service who know the work and who have authority. The Committee has accomplished real results not only in the coordination of the work of various Government branches interested in aeronautics, but in bringing them into closer contact with the public. The Committee’s work has been of the greatest value in aiding and encouraging the aircraft industry.”—Dr. S. W. Stratton, former Director of the Bureau of Standards, October 27, 1923

“Your reports every year are better and better in every way. They contain, in my opinion, scientific material of quite as high a value as anything produced at the National Physical Laboratory (British) or Göttingen (German aeronautical laboratory). They are infinitely clearer in presentation than any British reports . . . ”—New York University, Alexander Klemin, Professor of Aeronautics, April 4, 1924

“ . . . your committee is most helpful and authoritative. You are doing a great work and we in aviation all appreciate it.”—Santa Barbara Aero Club, Earle Ovington, Commodore, Santa Barbara, California, November 24, 1926

“ . . . It is quite astonishing how fast and how accurately your published reports meet the needs of the field.”—E. A. Briner, Consulting Engineer, East Orange, N.J.

“ . . . I received the Reports almost immediately, for which favor I would like to thank you very much. They contain such precious information that I wonder how I ever got along without them until now.”—G. M. Bellanca, Aeronautical Engineer, Omaha, Nebraska, December 22, 1923

SOME COMMENTS FROM THE AIRCRAFT INDUSTRY

“ . . . I wish to commend the very interesting work which you are doing, and to have you know that we sincerely appreciate the big part which you are playing in original research work which contributes so much to the development of aeronautics.”—The Pratt and Whitney Aircraft Co., F. B. Rentschler, President, Hartford, Connecticut, December 19, 1925

“ . . . These reports are helpful to us beyond explanation. Permit me through you to extend my appreciation for the great assistance in industry the Committee has been to us, and the gratitude of my organization for each and every one associated with the Committee.”—Charles E. Lay, Commercial Aeronautical Engineering, Cincinnati, Ohio, January 12, 1925

“ . . . I have for the past year been a project engineer with the Lockheed Aircraft Corporation. The technical data I have received from the Committee have been invaluable to me . . . the publications of the Committee constitute by far the greatest source of research data in this country, and no engineer who wishes to keep abreast of developments can afford to be without them.”—Richard W. Palmer, Pasadena, California, February 3, 1930

“ . . . the conference was the most impressive and instructive one of this kind that I have ever had the privilege of attending, and you will be gratified to know that in our research work we have already been able to derive very definite advantage and assistance from the publications and work of your Committee.”—Grover Loening, May 16, 1929

“I was very glad to receive the data on N.A.C.A. 2412 forwarded with your letter of the 7th. It came to hand at just the right moment; in fact, I was on the point of writing you a letter and asking you if I might not be supplied with this information. Another good example of the very efficient service rendered by the Committee.”—Chance Vought Corporation, East Hartford, Connecticut, January 14, 1932

“ . . . In prosecuting this work I feel that the N.A.C.A. is making the biggest contribution that is possible in aviation at the present time, and the fact that the results of your work are made immediately available to the industry will do much to hasten the progress in aviation.”—Packard Motor Car Company, J. G. Vincent, Vice President of Engineering, December 20, 1927

Your Committee is to be “ . . . congratulated on the marvelous work done during the past year. I cannot help but feel that the Committee’s new equipment and results achieved are among the outstanding achievements of the year in aeronautics . . . ”—Consolidated Aircraft Corporation, January 29, 1932

“ . . . Your work is of great assistance to us and is highly appreciated.”—Pan American Airways, Inc., New York City, March 3, 1930

“ . . . We wish to take this opportunity of expressing to you our appreciation of the many courtesies extended to us by your Committee in the past. Your Reports and bulletins have been of the greatest assistance to us.”—Amphibions, Incorporated, Garden City, N.Y., October 16, 1931

“ . . . Many thanks to you for the copy of Technical Note No. 219, ‘The Comparison of Well-Known and New Wing Sections Tested in the Variable Density Wind Tunnel,’ which I have just received. It is a very, very fine report and I want to congratulate you upon the way it is presented and the abundance of information contained therein. It is just another example of the good work that is carried on by the N.A.C.A. and we are getting so accustomed to the thoroughness of your reports that, naturally, we expect them all to be alike.”—A. V. Verville, Buhl-Verville Aircraft Co., Detroit, Michigan, August 20, 1925

“ . . . I never before appreciated the great importance to aviation that the National Advisory Committee really is; the wonderful work that they are doing and the true interest that is shown in aviation by the results of their efforts . . . the value to aviation of the research work which is represented in those volumes is immeasurable.”—Skylark Airplane Co., Inc., Detroit, Michigan, May 5, 1927

Source: Roland, Alex. Model Research, Volume 2. The NASA History Series. Appendix H. Washington, DC: National Aeronautics and Space Administration, Scientific and Technical Information Branch, 1985. Available online at https://history.nasa.gov/SP-4103/app-h1.htm

APPRAISAL OF GERMAN RESEARCH DURING THE WAR RELATIVE TO THAT OF THE NACA (OCTOBER 1946)

One of the incentives behind the creation of NACA was the need to drive the country’s aeronautical capabilities in time of war. Created during the First World War, the committee’s work also had a large influence on the development of aircraft used in the Second World War. During the course of the war, technology, science, and government support had all changed significantly. In this report produced by the Langley Memorial Aeronautical Laboratory in October 1946, the NACA staff defended their progress as compared to that of the Germans. However, the tone of the report was so defensive and one-sided that, as recommended by Jerome Hunsaker, then NACA chairman, the report was never published.

AIRFOILS AND HIGH-LIFT DEVICES

In general, the major portion of all the airfoil research carried out by the Germans was carried out either on NACA airfoil sections or on modified NACA airfoil sections. Furthermore, the methods used for modifying the airfoil sections were those previously developed by the NACA. The Germans have not developed methods of relating airfoil shape and angle of attack with pressure distribution to the degree of refinement that has been achieved by the NACA, nor have they correlated the aerodynamic characteristics of airfoil sections with their pressure distributions as closely as has been done by the NACA.

The problem of reducing skin-friction drag of wings by maintaining extensive laminar flow in the boundary layer was the subject of much research in many countries before and during the war. The Germans expended considerable effort on theoretical investigations of the stability of laminar boundary layers. Schlichting made some of the most significant contributions to this subject. The final results of Schlichting’s calculations indicated that laminar boundary layers in a region of favorable pressure gradient were stable to much higher Reynolds numbers than those in unfavorable gradients, but that, in any case, if transition occurred when the boundary layer first became unstable, the extent of laminar flow obtainable at flight values of the Reynolds number was relatively unimportant. This result is to be contrasted with the results of NACA investigations which showed extensive laminar flow on smooth low-drag airfoils in a low-turbulence airstream up to Reynolds numbers of more than 40 million.

As an extension of Schlichting’s work, a number of theoretical investigations were undertaken in Germany to determine whether or not the lower critical boundary-layer Reynolds number could be increased by means of boundary-layer suction. These theoretical investigations indicated that the application of continuous suction, such as might be obtained through a porous surface, might permit laminar flow to be obtained at nearly any flight value of the Reynolds number. No experimental work was done, however, either to develop suitable porous surfaces or to check the theory. NACA investigations conducted prior to our entry into the war indicated that the use of multiple suction slots did not reduce the difficulties associated with maintaining sufficiently smooth surfaces for laminar flow at high Reynolds numbers.

Perhaps because the results of Schlichting’s calculations indicated the improbability of obtaining significant amounts of laminar flow at useful Reynolds numbers, the Germans appear to have done comparatively little research work on low-drag airfoil sections such as those systematically investigated by the NACA. Several early type NACA low-drag airfoil sections, descriptions of which fell into German hands after the fall of France, as well as several German-designed laminar-flow sections which were similar to the early NACA types, were tested. In nearly all cases, however, the German airfoils had unnecessarily small leading-edge radii and poor trailing-edge shapes with the result that the observed maximum lift coefficients were low. Furthermore, none of the wind tunnels in which tests were carried out had turbulence levels sufficiently low to achieve large extents of laminar flow in the practical flight range of Reynolds numbers.

In an effort to increase the maximum lift coefficients obtainable with plain airfoil sections, a considerable amount of German research was concerned with the development of high-lift devices. Although some rather unusual configurations were tried, most of the trailing-edge high-lift devices tested, such as the plain, split, slotted, and double slotted flaps, were similar to those investigated by the NACA.

Further increases in the maximum lift coefficient were obtained by means of boundary-layer control. Investigations of both blowing and sucking slots were made in Germany and, in some cases, more than one slot was used. These investigations generally paralleled those of the NACA, although the configurations were naturally not identical.

At about the start of the war the Germans recognized the applicability of swept wings for flight at high Mach numbers, and most of their subsequent three-dimensional wing research during the war concerned the properties of such wings. They noted the characteristic boundary-layer cross flows and the poor stalling, and spent considerable effort in testing various fixes, such as boundary-layer control, leading-edge slats and flaps, fences, and washout. NACA wing research until 1945 was concerned mainly with unswept designs for particular purposes and with correlation of section and wing characteristics, with special emphasis on wings having high-speed sections; and swept wings had been studied mainly with regard to their use on tailless airplanes. When, in 1945, the development of suitable power plants made transonic flight appear possible, the NACA independently recognized the applicability of swept wings for high-speed flight. Immediate attention was directed to research on such wings with the result that the German data, when they became available, were supplemented by NACA data at transonic speed where no German data were obtained.

With regard to the calculation of span-load distributions on swept wings, methods that satisfy the downwash condition at the three-quarter chord line were developed both by the NACA and in Germany. The theory of the ring-shape airfoil was also developed in both countries. Lifting-surface solutions developed by the NACA seem to have had no counterpart in Germany.

The German studies of subsonic compressibility effects on airfoil sections were very similar to ours-for example: (1) in the derivation of accurate potential flows containing a small supersonic region, and in the demonstration that such flows could not be derived above a certain Mach number, (2) in the accurate computation by the Ackert method of the compressible flow about a Joukowsk airfoil, (3) in efforts to strongarm solutions for airfoil flows with shocks, and (4) in the computation of extensive tables of hypergeometric functions for use in compressible-flow computations. Their experimental high-speed section data, of which a considerable amount was obtained, was similar to that obtained in the NACA 11-inch and 24-inch high-speed tunnels, and largely followed the pattern of the previously published work from these tunnels except that they also put great effort on the development of interferometry for the quantitative study of flow fields. Although the Germans recognized the importance of scale effect, somewhat less effort seems to have been made than in this country to check results in large high-speed tunnels or in flight.

WINGS AT TRANSONIC AND SUPERSONIC SPEEDS

In the development of wings for use at transonic and supersonic speeds, considerable theoretical and experimental work was done on airfoil sections and planforms both in the United States and Germany.

Airfoil section.—Early in the development of low-drag airfoil sections in the United States, it was realized that not only would these sections have low drag at low speeds but would have improved aerodynamic characteristics at high speeds because of lower induced velocities than possessed by conventional sections. Consequently, a family of airfoil sections was finally derived which had satisfactory low drag and considerably improved high-speed characteristics as indicated by low- and high-speed wind-tunnel tests, respectively. Sections such as these were used on two American airplanes, the P-5l and A-26, in operational use in the European war. In Germany some theoretical and experimental work was done in the development of low-drag and high-speed airfoil sections, although the work was not as extensive or systematic as the American development. The German research indicated that some of the older or conventional NACA high-speed sections had fairly satisfactory high-speed characteristics and were apparently content in using them in practically all of their installations. Research in both countries indicated that the Mach number at which large changes in lift, drag, and pitching moment occurred depended not only on the Mach number at which local velocity of sound was first attained but also on the type of pressure distribution. In addition, it was clearly evident in both countries that the conventional airplane was limited to a maximum Mach number of 0.85 to 0.90 because of the loss of lift, rapid rise in drag, and stability and control difficulties at high Mach numbers.

Wing planform.—Late in the war it was recognized in the United States, as a result of theoretical and experimental research, that wing planform had a more pronounced effect on aerodynamic characteristics at high speeds than airfoil section. It was shown by tests at transonic speeds that by decreasing the aspect ratio the compressibility barrier, as evidenced by loss of lift, rapid rise in drag, and large changes in pitching moment, could be delayed to Mach numbers over 0.90. Both theory and experiment at transonic and supersonic speeds indicated that large sweep of the leading edge of a wing (either forward or rearward) would result in delaying and minimizing these compressibility effects to speeds well above the speed of sound. Research in Germany during the war on effects of wing planform was rather extensive and covered a large variety of wing shapes. Near the end of the war in Europe, Germany had an experimental airplane flying with wings designed on the basis of the sweep theory, and practically all of their proposed high-speed airplanes and winged missiles included swept lifting surfaces.

This extensive German research was confined by limitations of wind-tunnel techniques to speeds less than about 90 percent of the speed of sound. Thus, the important transonic region where important changes of aerodynamic characteristics occur was left virtually unexplored by the Germans. Late in the war period the NACA developed techniques to obtain data in this region by means of freely falling bodies and by means of small models mounted in the high-speed flow induced about airplane wings. These unique methods permitted the NACA to obtain data on wings and wing-body configurations continuously through the speed of sound. New wind-tunnel techniques developed by the NACA also permitted data to be obtained very close to the speed of sound. Data obtained by these new methods and by the more recently developed NACA techniques of rocket-powered bodies are laying the foundation of knowledge necessary for the development of airplanes to fly at and above the speed of sound.

BODIES

At moderate subsonic speeds, the aerodynamic characteristics of bodies of relatively large fineness ratio such as generally used in aircraft fuselages are not critically dependent on body shape, provided that there are no abrupt changes in longitudinal profile. The information generally available at the start of the war was adequate and little further research has been done either in Germany or in America. A great deal of theoretical and experimental research on the effects of modifications to basic body shapes such as cockpit canopies, gun turrets, engine cowlings, and the like has been accomplished by the NACA. As far as is now known, comparable German work was limited to development studies for specific designs.

In the transonic speed range, from 0.8 to 1.2 times sonic speed, the NACA has developed a new testing technique by which the drag of test bodies is determined by dropping them from aircraft at high altitudes. The readings of instruments in the bodies are telemetered to test equipment on the ground. Results of the first of these tests, published in 1945, indicated large variations in flow characteristics near sonic speed and showed that drag reductions can be effected in this speed range by increases in fineness ratio. More recently similar results have been obtained with rocket-powered test bodies. No known fundamental research in this speed range was accomplished in Germany.

At supersonic speeds, body drag varies greatly with shape and fineness ratio. Theoretical studies made by NACA during the war have resulted in the development of methods for calculating the lift, drag, and moment characteristics of slender bodies of revolution with or without air inlets. Supersonic wind-tunnel tests made during the war verified the theoretical results. Original data from systematic wartime investigations of supersonic projectile shapes in Germany and Italy became available to the Committee in 1944. These data were analyzed and published by the NACA. Italian theoretical predictions of the nose profile for minimum drag were verified by these test results. A great deal of supersonic development work on specific projects such as the V-2 missile was accomplished in Germany. However, attempts to obtain fundamental aerodynamic data of general usefulness from these specific projects have been disappointing.

The aerodynamic interference that occurs when two or more aerodynamic bodies, such as wing and fuselage, are combined has been the subject of extensive investigation both in America and in Germany. This problem is of critical importance in the transonic and supersonic speed ranges. No adequate theoretical methods are yet available to aid in the prediction of interference effects in these speed ranges. A large amount of data for specific designs has been obtained in both America and Germany. The German work included several preliminary studies of wing-body interference for swept wings. Similar but more extensive investigations are now under way in America.

STABILITY AND CONTROL

Both in this country and in Germany, the importance attached to stability and control investigations is shown by the amount of research performed and the large percentage of test facilities devoted to this work. In order to compare the contributions of the two countries, the subject will be considered under headings based on the flight-speed range concerned.

(a) Stability and Control at Low Speeds or Beyond the Stall.—A large amount of wind-tunnel research has been conducted in both Germany and the United States on special control devices, such as spoilers, intended for use on airplanes equipped with high-lift devices to provide low landing speed. Both countries encountered the same basic problems of control lag and ineffectiveness, and arrived at the same solutions, which consist of suitable spoiler design and location. Flight tests were made in both countries on low-speed research airplanes equipped with special high-lift flaps or boundary-layer control. The problem of adequate lateral control was not completely solved for the airplanes employing boundary-layer control. The results of the research on spoiler controls for use with full-span flaps in the United States were embodied in several service airplanes, whereas in Germany these devices were not generally adopted by the manufacturers.

The spin-recovery problem was studied in both countries by means of free-spinning tests of models in vertical tunnels. Both countries arrived at criteria for use by the designer in providing satisfactory spin recovery.

Stall-warning devices utilizing pressure differences over the airfoil were perfected in both countries.

(b) Stability and Control in the Normal Flight-Speed Range.—An important development made during the war by the NACA was the determination of a set of specifications for satisfactory flying qualities of airplanes. These specifications placed a measurement of stability and control characteristics in flight on a quantitative basis. These specifications were based on complete measurements of the flying qualities of 20 airplanes and were later substantiated by similar measurements on about 30 additional airplanes. These requirements were adopted by the Army and Navy for the purpose of selecting airplanes with desirable stability and control characteristics for combat and service use. A similar set of specifications for desirable handling qualities was prepared in Germany, but these specifications were based on complete tests of only five airplanes and partial tests on a number of others. The German specifications were never adopted as a standard by the German Air Forces but were merely set up as recommendations to guide the designers and manufacturers of military airplanes.

In order to provide satisfactory flying qualities for airplanes in the design stage, procedures were perfected both in the United States and Germany for wind-tunnel testing of powered models of complete airplanes. These tests were generally conducted on all new airplane designs. In addition, theoretical or empirical methods were developed in both countries to calculate the contributions of various parts of the airplane to its stability.

Theoretical work on the dynamic-stability characteristics of aircraft was conducted extensively in both countries. The number of separate investigations conducted in Germany along these lines appears to exceed the number conducted in this country. However, the main factors contributing to dynamic lateral and longitudinal stability were discovered in both countries and the means determined for avoiding troublesome problems, such as control-free oscillations, were the same in both countries. Other problems of dynamic stability encountered in the tactical operation of aircraft, such as the towing of gliders, were thoroughly investigated in both countries.

A solution of the problem of providing desirably light control forces on large and high-speed airplanes was found to be very important by both countries in order that satisfactory military types could be produced. For this reason a large amount of wind-tunnel testing was conducted to develop satisfactory types of control-surface balances. In this country this program amounted to making separate wind-tunnel tests of the control surfaces of practically every airplane that was designed for possible military use, in addition to numerous tests of generalized aircraft components investigated from the standpoint of fundamental research. A similar course appears to have been followed in Germany. In the United States the mass of data accumulated has been summarized and correlated in several summary reports so that it is now available for use by the designer. The correlation of German work does not appear to have progressed to such an extent, probably because of the less centralized organization of their research laboratories.

The development of servo controls both aerodynamic and mechanical types was given increasing emphasis in both countries towards the end of the war. The theory of such devices was well understood in both countries but the German designers appear to have made freer use of these mechanisms in actual service airplanes than did the American designers.

(c) Stability and Control at the Highest Speeds Reached by Conventional Aircraft.—The onset of adverse effects of compressibility on the stability and control characteristics of airplanes was first observed in high-speed dives of fighter-type airplanes. Wind-tunnel and flight tests were conducted in both countries in order to study the reasons for the diving moments and high control forces encountered in these high-speed dives. No satisfactory solution to these problems for service-type airplanes was found by the Germans. In this country, however, dive-recovery flaps were developed which provided a temporary solution. Distortion of the tail surfaces and control surfaces under air loads was found to be partially responsible for many of the difficulties encountered in high-speed dives, and the theory explaining these effects was well developed in both countries. Theories were also worked out to estimate the loss in aileron control due to wing twist at high speeds. The equality of achievement of the United States and Germany in the field of stability and control is shown by the fact that the maximum diving speed reached by aircraft was approximately the same in both cases. This maximum speed was limited by stability and control difficulties rather than by limitations of performance characteristics.

(d) Stability and Control in the Transonic Speed Range.—Investigation of the stability and control of airplanes at transonic speeds became important with the development of jet-propelled aircraft capable of traveling at these speeds. Conventional wind tunnels were found to be unsatisfactory for measuring characteristics of airplanes in this speed range. Considerable stability and control research at high supersonic speeds was conducted by the Germans for application to missiles, but they had failed to develop any means of obtaining information in the important transonic speed range. Two methods were developed by the NACA for conducting tests in the transonic speed range. In one of these methods, known as the wing-flow method, small models are mounted in the high-speed flow above an airplane wing in flight. In the other method freely falling models are dropped from high altitudes and they exceed the speed of sound in falling. Methods for obtaining data from these falling bodies by means of radar and telemeter equipment have been developed in this country. Preparations to build research airplanes capable of flying at transonic speeds were made in both countries at the end of the war. In Germany these airplanes employed sweptback wings which had been shown theoretically to present the possibility of improving stability and control characteristics in the transonic speed range. The beneficial effects of sweepback were discovered at the NACA independently at a later date but not in time to prevent [sic] swepiback wings to be applied to the first research airplane designed for transonic flight.

(e) Stability and Control at Supersonic Speeds.—Stability and control of missiles traveling at supersonic speeds were studied extensively in Germany in several small supersonic wind tunnels. Great emphasis was being placed on the development of many types of supersonic missiles and several large supersonic tunnels were in preliminary operation or under construction at the end of the war. In addition, some missiles designed for supersonic speeds had been constructed and tested. In this country practically no data on stability and control at supersonic speeds had been obtained.



Internal Aerodynamics

The differences in the strategic requirements for American and German aircraft resulted in considerable differences in the types of internal aerodynamic research conducted by the research organizations of the two countries. In the United States, major emphasis was placed on the solution of specific internal-flow problems confronting long-range aircraft powered in most cases by conventional reciprocating engines. An appreciable portion of the research effort of the NACA was allotted to the development of installations for jet-, turbine-, and rocket-propelled aircraft and to internal-flow systems suitable for transonic and supersonic flight only when it became apparent that the new forms of prime movers could be perfected in time to be useful for the war effort. In Germany, on the other hand, a large percentage of the research effort was allocated throughout the war to the development of jet-propulsion and rocket installations for very fast short-range aircraft and to the development of induction systems suitable for supersonic aircraft and missiles.

Cooling and heat exchangers. The NACA cooling-correlation method was adapted for use with multicylinder aircooled engines during the war years and was further extended to cover the case of the liquid-cooled engine. This method was successfully utilized in the development of the engine installations for numerous military airplanes, thereby substantially shortening the usual troubleshooting development periods. German literature reveals that engine-cooling difficulties continued throughout the war to be one of the principal factors delaying the service use of their new aircraft.

The NACA conducted a number of projects leading to the refinement of aircraft heat exchangers and the evaluation of the factors governing their performance. Comprehensive design charts were developed to aid the cooling-system designer by simplifying selection procedures and permitting the rapid determination of the effects of design compromises on cooling performance. The NACA heat-exchanger research on the whole was confined largely to conventional production-type units. The Germans, however, in addition to similar work, expended considerable effort in the development of tailor-made units for specific airplanes and in research on unconventional arrangements such as the regenerative cooler.

COMPRESSORS AND TURBINES

In the decade before the start of the war, the Germans made numerous important contributions to the aerodynamics of compressors and turbines including the development of theoretical methods for calculating the 2-dimensional characteristics of cascades or rows of blades, and the development of cascade testing techniques and methods of correlation of cascade and rotating-machine performance data. During the war, however, their aerodynamic progress appears to have been limited to relatively minor improvements resulting from development work on specific installations. At the close of the war, the aerodynamic design of the German compressors and turbines still closely followed prewar practice. Examination of the mechanical details of German gas turbine engines reveals that important advances were made in construction techniques and production methods. Advances were also made in the development of blade-cooling methods during the war.

Utilizing the cascade testing technique, the NACA has conducted a fundamental, systematic, pressure-distribution investigation of compressor-blade shapes. This work was guided by the general principle that local velocity peaks on the blades should be avoided, in order to minimize friction and separation losses and to delay compressibility effects. This work resulted in design charts from which efficient shapes and optimum blade settings can be obtained for a wide range of compressor-design parameters. Low-speed tests of these blades in rotating machines have indicated that important gains in pressure rise per stage and in efficiency can be realized by their use. Theoretical work carried on during the war has recently culminated in a greatly improved method for computing the flow about 2-dimensional cascades of compressor and turbine blades.

Conventional axial-flow compressors are limited to a relative blade Mach number of about 0.8 because of the occurrence of shock losses at higher speeds. It is theoretically desirable, however, to operate at higher speeds in order to produce higher compression ratios. The Germans made two attempts during the war to construct a supersonic axial-flow compressor. The first of these attempts ended in destruction of the machine, and the second produced a very low efficiency and only slightly higher pressure ratio than was obtainable from subsonic compressors. The NACA has been working on supersonic compressors since 1942, starting with stationary tests in supersonic jets in which methods were developed for minimizing the shock losses. Continuing this work, a single-stage machine has been designed, constructed, and tested. In its present preliminary stage of development this machine has comparable efficiency, slightly larger mass flow, and a compression ratio four to five times as large as any previous single-stage axial-flow compressor. The knowledge gained from this experimental compressor should lead eventually to smaller, lighter, and more powerful turbojet engines.

PROPELLER RESEARCH THEORY

Both the NACA and German theoretical propeller research during the war period was devoted primarily to development of improved methods of application of the existing theory and relating these applications to design procedures in the form of simplified selection and design charts. In both cases this work eliminated a major portion of the tedious calculations formerly required. The NACA work in this respect was somewhat more complete than the German work in that it included all the important variables in propeller design while the German work did not completely include the effects of design camber and blade width. The German work, on the other hand, was more extensive in the development of theories for the use of shrouds with propellers so that the volume of technical information from the NACA and German work was about the same.

Analytical work in compiling information available from the experimental results and theoretical results bearing on the design of efficient high-speed propellers was carried out more extensively by NACA than by the Germans. The smaller amount of German analytical work is directly traceable to the lack of experimental high-speed research on propellers and propeller-airfoil sections.

PROPELLER SECTIONS

During the war no fundamental research was performed by the Germans directed toward the attainment of improved propeller airfoil sections. The Germans used in the design of their propellers NACA 24-series sections, which are considered one step removed in the development of optimum propeller sections. The NACA on the other hand undertook an extensive propeller-airfoil development program which resulted in optimum critical-speed airfoil sections having low drag characteristics (NACA 16-series sections). The development of these airfoils supplied sections for use in propeller design which delayed the onset of compressibility effects to an important extent. The low-drag characteristics of these airfoil sections produced higher propeller efficiency.

Both the NACA and German work included an extensive amount of experimental testing to determine at high speeds the characteristics of airfoils suitable for use in the design of propellers. The volume of technical information was about the same magnitude.

HIGH-SPEED INVESTIGATIONS

No significant amount of German research on propeller characteristics was performed at high speeds during the war period. It appears that the German research effort on propellers was based upon use of available low-speed information to obtain their propeller designs which, when in production, were to be used throughout the remainder of the war without further change. The NACA, on the other hand, in recognition of the advances of high-speed requirements of propellers occasioned by the war efforts initiated an extensive program of high-speed propeller research. This work was directed toward the procurement of information necessary for the design of efficient high-speed propellers suitable for absorbing increased amounts of power. Propeller dynamometers for the Langley 8-foot high-speed tunnel and the Langley 16-foot high-speed tunnel were designed and constructed. At the same time, dynamometer equipment for Flight Research was also developed.

Propellers were obtained from this research which had efficiencies of from 90 to 95 percent through a speed range up to approximately 500 m.p.h. These efficiencies of these propellers are 7 percent greater at low speeds and 22 percent greater at 500 m.p.h. than could be obtained with conventional propellers in extensive use during the war period. The NACA propellers were free from adverse compressibility effects at speeds approximately 100 mph in excess of speeds at which serious effects were encountered with conventional propellers available during the early war period. These conventional propellers had essentially the same performance as the German propellers. The adverse effects of compressibility on propellers at high forward speeds were defined in these investigations for the first time. Extensive studies of the effects of propeller shanks on the performance on propellers were made at high speeds and changes in design camber, blade width, and pitch distribution were evaluated.

SWEPTBACK PROPELLERS

The German research pioneered the use of sweep in propellers to effect delays in the onset of compressibility effects. These results showed for the first time that the use of sweep in propellers resulted in delays in the onset of the effects of compressibility. However, the best sweptback propellers developed by German research were less efficient, even at high speeds where the adverse compressibility effects occurred, than the high-speed propellers evolved by the NACA research.

POWER PLANTS

Power plant development in Germany during the war period was in general quite comparable with that in the United States, but differed in detail as the result of differences in military situation, thought, and manufacturing conditions. The Germans, envisioning a greater need for high speed than great power or long range, devoted a much greater proportion of their efforts to development of jet and rocket power plants, and correspondingly less to reciprocating engines. As their military situation deteriorated, the development became a frantic effort to obtain performance advantages, and the newer power plants were put into service in the state of incomplete development.

The German philosophy of reciprocating-engine design favored the use of relatively high compression ratio and low supercharger pressure boost, perhaps due to a lack of high-performance superchargers. To engines of this type the shortage of high-octane fuel was an especially serious handicap, which the Germans met to some extent with the adoption of fuel-injection type engines. In the United States, which was ahead of the Germans with turbo- and multi-stage superchargers, engine outputs were greatly increased as a result of fuel and engine research. As a consequence in the field of high-powered reciprocating engines, with which much of the war was fought, German development lagged by approximately a year.

Jet-propulsion research was well under way in the United States at the start of the war, the NACA having conducted full-scale tests of a unit early in 1942. Due to difference in the military situation, jet-power-plant development was not given as much priority here as in Germany, but rapid advances were made. Possession of superior materials gave the United States a marked advantage, and German designs reflected this situation. Military necessity forced Germany to early production of jet engines, whereas the United States, which possessed lighter, more efficient, and more durable units had not swung into large production at the cessation of hostilities.

The turbine-propeller power plant on which the Germans had been working since before the war advanced about equally in both countries, neither of which succeeded in bringing this important type of unit into production.

The intermittent ram jet used to power the buzz-bomb was a German development not matched by similar research in this country. The steady-flow ramjet, or Lorin duct, on the other hand was the subject of basic research by the NACA at the start of the war. However, in Germany ram-jet research was prosecuted with great rigor as contrasted with low priority in this country.

Liquid-fuel and powder rockets for assisting takeoff developed, and in use, here and in Germany were strikingly similar in design and principle, although there were differences in propellant preferences. Design of rocket-propeller airplanes, started in Germany before the war, resulted in the ME-163, capable of phenomenal speed but so limited in range that it was not regarded by the Germans themselves as especially practical. It was in the field of long-range rocket missiles that the Germans made the most progress. Although the United States had by no means neglected rocket development in its application as a power plant for long-range missiles, the Germans had investigated and overcome many of the practical problems, and several important types had been brought into production.

Viewed as a whole, Germany contributed most in the development of long-duration high-powered liquid-fuel rocket and the ram jet, whereas the United States made greater advances in power, reliability, and weight reduction of reciprocating power plants. In jet and turbine engines, developments were about equal, with Germany getting into production earlier, but with the United States leading in power, weight reduction, reliability, and economy.

MISSILES

At the ending of the War, the Germans had successfully developed and operated subsonic ground-to-ground missiles, the V-1. They had also successfully developed several subsonic ground-to-air, air-to-ground, and air-to-air missiles but had insufficient time to get them into action. They had developed also a wingless supersonic artillery-type missile, the V-2. In addition to these accomplishments, intensive research was under way on stability, guidance, and aerodynamic problems of supersonic interceptor-type missiles.

At the corresponding time in America, although guided missiles presented a significant picture from the military viewpoint, most of the research effort had been directed toward providing superior inhabited aircraft with increasing but still small expenditure of effort on the guided missile. Because of this difference in emphasis, no strict comparison between American and German missile research can be drawn. In the fields such as high-speed aerodynamics, automatic control and stability, and launching, comparison can be made even though progress on the latter two items was not essential to victory.

Aerodynamic research was pursued with the utmost vigor in Germany and America throughout the war since it is the basis for air supremacy in both the missile and aircraft operations. Work in Germany emphasized the use of numerous supersonic wind tunnels, while in America high subsonic tunnels were pushed to a high state of refinement. In addition, in America flight methods were devised for extending aerodynamic information through the transonic speed range (speeds from about 700 to 1000 miles per hour) where the inherent physical restrictions of wind tunnels prevent their use. The Germans had devised no means for aerodynamic research in this transonic speed range, a fact which is now realized would have greatly inhibited their further progress with winged missiles and man-carrying aircraft as well. Work in the German supersonic tunnels was devoted largely to reduction of drag, problems of high moment changes, center of pressure shift, lift and control effectiveness, and damping derivatives in roll, pitch, and yaw. This work was in the category of initial exploratory work and showed some of the difficulties which had to be overcome but offered few of the solutions to these difficulties. The benefits of sweepback were discovered several years earlier in Germany than in America but, by the end of the war, American information on sweptback configurations was equal to and, in the transonic range, surpassed that possessed in Germany. Neither country, however, had successfully used sweptback wings to increase aircraft or missile speeds in actual operations.

American work on automatic stability was done largely in conjunction with Army and Navy glide bombs and with controlled bombs such as the Azon and Razon. This work proceeded on a sound theoretical basis so that corrective measures for difficulties observed in flight tests were quickly applied.

Automatic stability and control theory was also sufficiently advanced to permit quick adjustment of the American version of the German V-1 and, in the closing months of the war, U.S. Army tactical trials of this weapon showed performance surpassing that achieved by the Germans although the military and naval situation did not require its use. Similarly, a zero-ramp launching technique was devised for V-l missiles which would permit mobile launching stations in contrast to the massive steam ramps used for the German operations.

Source: Roland, Alex. Model Research, Volume 2. The NASA History Series. Appendix H. Washington, DC: National Aeronautics and Space Administration, Scientific and Technical Information Branch, 1985. Available online at https://history.nasa.gov/SP-4103/app-h3.htm
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1. The term “liquid-fuel rocket” is less accurate. A rocket carries not only fuel but also oxidizer to burn it since it does not use oxygen from the air. Fuel and oxidizer are collectively referred to as “propellants.”

2. The term was a misnomer; JATOs were rockets, not air-breathing jet engines.

3. The highest altitude reached by an A4 during the Second World War was 174.6 kilometers (108.5 miles) on June 20, 1944.

4. The first revenge weapon, the V-1, was a jet-propelled cruise missile, an unrelated project.


Chapter 2: Creating a Space Program (1950s)

Beginning in late 1945, three groups of German rocket scientists were relocated to Fort Bliss, Texas, and to White Sands Proving Grounds, New Mexico, both locations within a few hundred miles from Roswell, where Robert Goddard had experimented for 12 years. Like his mentor Willy Ley, Wernher von Braun was a tireless popularizer of rocketry and space technology as well as an exceptional engineer. While at Fort Bliss in 1948, he wrote Das Marsprojekt, which contained the first technically comprehensive plan for a human expedition to Mars. The following year he penned a novelization of his ideas. Von Braun believed that space technology would advance quickly enough for such a mission to be undertaken in 1985.1 Although the New York Times had scoffed at Goddard in 1919 for suggesting that a flight to the Moon would someday be possible, 30 years later, few now doubted that in time humans would undertake trips to the Moon and even to Mars. As the U.S. Army relocated von Braun and many other German engineers to its Redstone Arsenal in Huntsville, Alabama, in 1950, and others found employment in private industry, a cultural shift was underway. In the early 1950s, motion pictures such as Rocketship X-M, Destination Moon, and The Conquest of Space portrayed such expeditions, and popular songs such as “Fly Me to the Moon” and “Destination Moon” were recorded by the top vocalists of the day. Between March 1952 and April 1954, Collier’s magazine published in seven special issues a series of articles written by Ley, von Braun, astronomer Fred Whipple, jurist Oscar Schachter, and historian Cornelius Ryan, graced by the breathtaking artwork of Chesley Bonestell. These articles envisioned Earth orbital space stations as well as manned missions to the Moon and Mars. Ley and von Braun appeared on Walt Disney’s top-rated Sunday evening television program to explain the principles of spaceflight and the shape of things to come to millions of Americans. What had been considered science fantasy only a decade earlier was now mainstream fare, in no small part due to the terrifying reality of V-2 missiles raining death upon London during the last year of the Second World War. Though von Braun was a controversial figure because of the destruction his machines had wrought, the V-2s gave him credibility; if he said that something could be done, people believed him.

Naturally, von Braun wanted to be involved in the development of the largest rockets of the 1950s; however, while some of his former Peenemünde teammates, now at Convair and Martin, were developing the SM-65 Atlas and LGM-25 Titan intercontinental ballistic missiles (ICBMs) with ranges on the order of 10,000 kilometers (6,200 miles) for the U.S. Air Force, von Braun’s group at the Army’s Redstone Arsenal was charged with managing Chrysler’s development of the PGM-11 Redstone short-range ballistic missile (SRBM), which was only a modest outgrowth of the V-2, having about the same range (323 kilometers, 201 miles) as its predecessor, but able to deliver a nuclear warhead to its target.

In 1955, as plans evolved for the 1957–1958 International Geophysical Year (IGY), an international scientific project to study our planet and near-Earth space, the White House’s Stewart Committee considered the question of which American rocket would be most appropriate for launching the first satellites into orbit. To the committee, it was not so much a technical challenge as an international political and legal problem. It was settled international aviation law that nations had sovereignty over the airspace above their territories; however, the question of how high sovereignty extended was (and remains) unsettled. Would it be legal for satellites to pass over the territory of foreign states?

In the late 1940s, it was already clear that satellites were going to have military utility, especially in terms of reconnaissance. Obviously, the idea of American cameras orbiting overhead with impunity was extremely unnerving to the secretive Soviet state, and a October 4, 1950 RAND Corporation report concluded that any such launch should be done with advance publicity, especially if it stressed that the satellite was not a weapon in any sense and it was placed in a near equatorial orbit, which would pass over a few countries that were either Western allies or nonaligned. Since such a satellite would not have an overt military mission and would not overfly Soviet territory, it would test the “freedom of space” issue in the best possible political environment. Launching scientific satellites, on a rocket that was not developed as a weapon, and as participation in the IGY, would provide such an environment. The United States was planning to use its new U-2 high-altitude reconnaissance aircraft to overfly the Soviet Union as a temporary solution while the U.S. Air Force developed a reconnaissance satellite system. The former practice would certainly be illegal, but the United States might get away with it for a few years; it was crucial that the legality of the latter practice be widely accepted by an innocuous precedent rooted in scientific research. Von Braun’s wartime past, as well as the Redstone SRBM’s purpose and its technical heritage as an improved V-2, had to be considered. Accordingly, by a 3-to-2 vote on August 3, 1955, the Stewart Committee passed on von Braun’s Redstone in favor of a Naval Research Laboratory (NRL) proposal to cobble together a small satellite launcher using existing meteorological research rockets as its stages. This three-stage satellite launcher would be called Vanguard.

In contrast to the untried Vanguard “stack,” von Braun’s team was well on the way to accomplishing the relatively simple task of fitting clusters of the scaled-down Sergeant solid-propellant rocket to serve as second and third stages to the Redstone SRBM in a configuration called the Jupiter-C. Its purpose was to drive an experimental ablative nose cone to the higher reentry velocities that would be experienced by the larger PGM-19 Jupiter medium-range ballistic missile (MRBM), having a range of 2,400 kilometers (1,500 miles), then under development at the Army Ballistic Missile Agency (ABMA, formerly the Redstone Arsenal). Despite the Stewart Committee’s decision, von Braun had not given up on his dream of launching the first satellite into orbit. A four-stage variant of the Jupiter-C, called the Juno I, was tested on September 20, 1956. It carried a 14-kilogram (31-pound) dummy model of an Explorer satellite developed by the Jet Propulsion Laboratory; the fourth stage was also a dummy, since the honor of launching the first orbital satellite was to go to the Navy’s Vanguard program. Two more Jupiter-C launches on May 15 and August 8, 1957 successfully tested the ablative nose cone.

On October 4, 1957, the free world was shocked to learn of the Soviet Union’s orbiting of Sputnik, launched atop its R-7 ICBM. The feat was heralded as the beginning of the Space Age. The Soviets were not concerned with the questions of international legality and the use of a military missile, which had frustrated von Braun’s ambitions; their aim was to demonstrate to the world the superior technical achievements of socialism. The feat also implied that the free world was now under the threat of nuclear-tipped Soviet ICBMs. The legal precedent was set, as Sputnik’s high inclination orbit passed over every nation on Earth without their raising an objection, but the blow to American prestige was devastating. On November 3, 1957, before the United States could respond with a satellite launch of its own, the Soviets shocked the free world again as they orbited Sputnik 2, carrying as its passenger the dog Laika, in yet another socialist technological triumph over capitalism. Worse still, the first launch attempt of the Vanguard program on December 6, 1957 exploded on the launch pad in full view of the world’s news media, including television cameras. Now under heavy criticism for its short-sightedness, the Eisenhower administration turned in desperation to von Braun to launch the first American satellite. His Juno 1 hit the mark on the first try, orbiting Explorer 1 on January 31, 1958, a feat he could have accomplished 13 months ahead of the first Sputnik.

It was now obvious that there was a space race between the Soviet Union and the United States. It was a race to impress the world and to showcase their competing political and economic systems as the way of the future, and the United States was behind. Equally obvious was that the next goal in this race was to orbit the first human being. The U.S. Army proposed to adapt von Braun’s Redstone SRBM to launch a pilot on a suborbital trajectory as Project Adam as early as December 1959. Competing with the Army, the Air Force proposed a program with the preliminary name Man in Space Soonest, which it believed could put a pilot in orbit atop its Atlas ICBM in April 1960. The Navy, having only its puny, trouble-plagued Vanguard, was effectively out of the running. However, both Republican President Eisenhower and the Democrat-controlled Congress desired to present a civilian face to the world in its pursuit of new achievements in space, and as matter of managerial strategy, it made better sense to create a new organization that would have such achievements as its top priority, while the armed services remained focused on their core missions of defending the nation. The consensus of the executive and legislative branches of the U.S. government quickly coalesced around transforming the long-established National Advisory Committee for Aeronautics, with its field centers in Cleveland, Mountain View, and Hampton, into the National Aeronautics and Space Administration. Much of the ABMA, including von Braun’s team, as well as elements of the NRL, came under the new organization, which opened for business on October 1, 1958. Both the Army’s Redstone and the Air Force’s Atlas would become launch vehicles for the newly announced Project Mercury to put Americans in space. America now had a space agency and a manned space program. Von Braun, after a quarter century of developing weapons of war, was at last where he had longed to be: aiming for the stars.

And the race was on.


WERNHER VON BRAUN, “CHALLENGES OF OUTER SPACE” (OCTOBER 20, 1955)

Wernher von Braun was a German aerospace engineer. Born in what is now Poland, he became interested in space travel as a child. He began work as a rocket scientist, and was pressured to join the Nazis in order to continue his work. As the Second World War ramped up, civilian rocket tests were banned, and von Braun was forced to work on military rockets.

As the Soviet Army advanced toward his laboratory, von Braun decided to defect to the Americans. The United States gladly took him and his specialists; he was moved to Fort Bliss, Texas, where he could continue his work. However, he was still tasked with military weapons instead of rockets for space travel.

After the end of the Second World War, von Braun moved to Huntsville, Alabama, and was finally able to explore space travel. In 1952 he published a concept of a manned space station; concepts of large expeditions, a lunar base, and a manned mission to Mars followed.

In this 1955 presentation to the Armed Forces Staff College officers’ conference, von Braun outlines the path needed to achieve space travel.



Gentlemen, the conquest of outer space is the greatest technological challenge of the age in which we live. The first decisive step in the conquest of space will be the placing of an object into orbit wherein it will indefinitely circle the earth. It takes a speed of approximately 18,000 miles per hour to accomplish this. This is approximately three times the greatest speed ever attained by rockets today.

How can we reach such a speed? First of all, of course, one could think of improving propellants used in present-day rockets. Secondly, we could shave some weights off of our designs. But with both those methods it does not appear possible to gain more than approximately 40 or 50 per cent of the speeds the rockets reach today.

A fundamental step ahead in increasing the speed will be the application of the multi-stage principle. Let us take a look at our first slide.

(Slide) You see a model of the 3-stage rocket on this picture. Up to this lower white line here is the first stage. It is powered by a number of rocket engines which will lift the missile off the ground until it has reached, after approximately one minute operating time, a maximum speed in the order of 3600 to 4000 miles per hour. At this point the first stage is jettisoned, its tanks are now burned out and the rocket motors of the second stage take over.

The second stage adds a velocity increment of approximately 6000 to 8000 feet per second to that of the first stage and after that speed of approximately 12,000 feet per second has been reached the second stage, likewise exhausted, would be dropped.

Now the rocket motors in the last or top stage will take over. This top stage will now forge ahead at an initial speed of approximately 12,000 miles per hour until the final orbital speed of 18,000 miles has been reached. This speed is sufficient to keep the top stage in orbit.

Now what exactly makes an orbit tick? Imagine you put a gun on top of a mountain and fire it in a horizontal direction. The gravitational pull of the earth will pull the bullet down toward the ground and after having travelled a certain distance the bullet will gradually lose velocity and hit the earth. As we increase the muzzle velocity, the bullet will travel further before it is pulled down by the gravitational pull of the earth until gravity pulls the bullet down so as to exactly match the curvature of the earth. The bullet will then keep on flying around the earth and will fall and fall, never being able to reach the surface of the earth until it finally hits the breech of the gun from the rear. This is an orbit.

You can establish such orbits at various altitudes. Theoretically you could establish one immediately above the ground, but of course interference with the atmosphere would slow the bullet down and the orbit wouldn’t be stable so we have to go outside of the atmosphere, but once we are outside of the atmosphere we have a free choice of any altitude we want and the higher we go the slower will be the velocity we require to balance the gravitational pull of the earth for the centrifugal force in the curved orbit that cancels the gravitational pull of the earth.

The moon has been doing this a number of million years and the earth is orbiting around the sun, so the principle is well known and proven in mother nature’s pattern of things.

With such a rocket of course we couldn’t return back from the orbit and if we are thinking of shooting people into an orbit we have to provide ways and means of returning them safely to the surface of the earth.

(Slide) Here we have replaced the top stage of the rocket by a winged airplane type stage which would carry personnel to the orbit. This winged top stage would attain the same orbital conditions as the non-winged version you saw in the previous slide, but with the help of these wings the top stage would be able to return to the earth.

(Slide) This picture here shows the pattern of the track of ascent of such a 3-stage rocket ship. The ship would take off vertically and soon after take-off it is tilted into a slanting flight path so that after the one minute or 80 seconds of burning time of the first stage is over, the rocket would fly on an angle of approximately 20 degrees against the horizon. At this point the first stage is dropped and the second stage takes over. At burn-out of the second stage, approximately two minutes later, the rocket will be almost horizontal. The travel of the rocket will be almost horizontal. We drop the second stage at an altitude of approximately 60 to 80 miles, the rocket has now attained a speed of 12,000 miles per hour and the third stage now takes over until the final speed of 18,000 miles per hour has been reached.

During this powered flight path of the third stage the rocket would hardly gain any altitude so that the rocket is still only about 60 miles up at the time of cut-off of the last stage is reached. If the third stage would reach exactly circular orbital conditions defined by the simple condition that the centrifugal force which matched the gravitational pull and therefore curvature of the orbit would exactly match curvature of the earth, the third stage would then stay in a circular orbit 60 miles up, but if we provided a little more speed for the third stage we have some excess velocity and excess centrifugal force which would carry the upper stage, the stop stage, even further from the earth. The rocket would then go into an elliptic orbit which after going half-way around the earth would reach an apogee whose altitude depends only on the excess velocity or excess orbital speed we had at moment of cut-off.

We allow the rocket to go through this and go back to the perigee, which is the lowest point, identical with the cut-off point of the last stage, and stay in such elliptic orbit forever. When I say forever, I have to qualify this. Every time the rocket would go through the perigee only sixty miles up it will be retarded slightly by the aerodynamic drag caused by the traces of the atmosphere still found at that altitude. Every time it goes through the perigee it would lose a little bit of the excess speed and as a result the next apogee would be somewhat lower and this gradual loss in excess speed would gradually lead to diminishing of altitude down to the atmosphere. After this has been accomplished, the ship would be subjected to atmospheric drag throughout the entire flight around the earth and from then on would lose speed rapidly, but with the help of the wings it would be able to land again. If it had no wings it would descend into the deeper atmosphere, ultimately burn up and crash. . . .

One of the most important tasks in preparing the crew for such rocket ships will be to make this crew work as a team under these harsh acceleration conditions. The tool to train teams for this condition is the centrifuge. Centrifuge like the one you see in this picture here are in use in the armed forces to check people for their blackout limits. By adopting the same principle and just making the nacelle at the time of that centrifuge larger, we can place an entire crew into the nacelle and train them as a team. . . . We have an entire replica of the passenger nacelle attached to the boom of the centrifuge, and we cannot only whirl it around and expose the men to acceleration, we can even rotate the nacelle as it swings around to simulate erratic flight conditions under which the crew must likewise take the necessary emergency measures. . . .

High accelerations are only one part of the problems to which the crew is subjected. Weightlessness, the opposite of high acceleration, is another. What causes weightlessness and when does it occur in rocket ships? You often hear that weightlessness is encountered only after a ship has left the gravitational field of the earth. This is not true. Weightlessness in a rocket ship actually occurs the moment the engines are cut off and the ship is coasting freely and outside of the atmosphere through any trajectory, on orbit for that matter. What causes weightlessness? Weight, as we know it, is actually the cause not only of gravity but also of the floor on which we stand and which prevents us from freely following the pull of gravity. In other words, it always takes gravity and a rigid support to create the sensation of weight. As you withdraw that support and permit a body to freely follow the pull of gravity, that body becomes weightless. If you drop from a diving board into the water you are weightless a second or so until you hit the water and if you are flying in a rocket ship that is not powered, your body is subjected to the same laws of motion that the ship is subjected to in which you travel. As a result, there can be differential forces between you and the ship and you will float freely within the cabin of the ship. Can we simulate weightless conditions on the ground? It is very difficult because usually any weightless condition is always terminated by an impact because the build-up speed if we do it in the gravitational field of the earth but there is one possibility of simulating it. If you look at this chart you will see in the left lower corner the trajectory of an airplane that comes down in an inclined dive and pulls out of a dive and goes through a ballistic trajectory. This ballistic trajectory is essentially a parabola wherein the aerodynamic drag is compensated by the thrust of the jet engine of the plane. If you can steer the plane through this trajectory at zero life and at the same time keep it on a proper course and just compensate the drag with your engine, you go through such a parabola.

. . . [T]his is 40 seconds now and maybe three minutes with advanced rocket ships weightlessness will be a permanent experience in orbiting rocket ships. What will happen when men are subject to this condition? We know that a man can eat and drink even in a horizontal position and if you try it you find you can eat upside down.

Will the blood circulation be affected? Medical doctors think that it will not because the most important factor in the blood circulation is the drag, the resistance of the blood in the veins and arteries and gravity plays only a minor part in it. In fact, you can lie horizontally in your bed and you can get up and your heart circulation is hardly affected. But nobody knows today how extended weightlessness will affect people. Some doctors believe that the most critical question will be the sense of equilibrium in the inner ear. There is a little pebble in the inner ear, both inner ears, called the otoliths, which rest on some hairs, on whichever hairs they rest is an indication that this is down. As you move your head forward that pebble moves on another set of hairs and you have a different indication of the plumb bob direction.

Under weightless conditions this pebble is disoriented and simply floats without touching any hair or may erratically touch a hair here and there and the question is how would we react. The feeling is some people may get seasick. Maybe they can get used to it. . . .

Of course before we can fly people to orbit it would be necessary to provide ways and means of returning people and it is my opinion that the return from orbit is a task more formidable than attainment of orbital flight itself. In other words, the problem of hurling a small object or even an instrumented object into a satellite orbit that is not earth returnable is essentially a question of brute force, but to return people safely from an orbit is a question that involves all faculties of modern physical science. The reason for this is simple. We can not afford to land a space ship from an orbit by slowing it down from its orbital speed with propellants. The reason for this is easy to see. We have to destroy the same energy on the way down we imparted on the object to bring it up there in the first place. This would mean we would roughly need the same amount of propellant to land a ship with rocket power along that was necessary to bring it up there and of course this fuel would constitute payload for the ascent, so initially the ship must be much larger if it were to carry enough fuel for the descent, but there is a shortcut to this problem.

If we depend on aerodynamic deceleration during the descent we can put the atmosphere to use to slow us down, but this means the ship must re-enter the atmosphere at 18,000 miles an hour and from this speed we must gradually slow it down again. This creates a formidable aerodynamic heating problem. If we descend at these high speeds directly into the deeper layers of the atmosphere our ship would obviously burn up and wouldn’t have a chance to build it sturdy enough and in such fashion that the people could survive the trip, but if we equip the ship with wings we can glide it out, retard the ship at very high altitudes where the density isn’t high enough to create much heat fluctuation and radiate heat through the wings. We can keep it at the high altitude provided our wings are large enough. This is the upper stage of an orbital ship as would be required to come down. The amazing think about such earth returnable winged upper stages is that their landing speed would be extremely low. In fact, this ship would land at something like 60 miles an hour. It is not that we couldn’t make it land faster but we have to provide it with relatively large wings in order to be able to decelerate it at sufficiently high altitudes so it is the heating problem that governs wing size and not landing speed. When you figure it out it happens that the wing loading must be so low to achieve this that the landing speed of this empty can with no fuel aboard, just passengers aboard, would be so low that the landing speed is actually in the order of 60 miles an hour. This would terminate the trip to the orbit.

On approach to the landing field the ship would run out tricycle landing gear and finally land on the strip like a normal airplane.

Source: Transcript of Proceedings in the matter of “Challenge of Outer Space.” October 20, 1955. Armed Forces Staff College. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000041135.pdf. For video, see https://www.youtube.com/watch?v=NMPv1oc93a0

WERNHER VON BRAUN, “SPACE TRAVEL AND OUR TECHNOLOGICAL REVOLUTION” (APRIL 1957)

Two years after discussing the challenges of space travel, Wernher von Braun addressed the American Rocket Society Meeting on the latest technological revolution. In this address, von Braun discusses the difference in technology between the United States and the Soviet Union, its rival in the Cold War. He emphasizes the need for scientists and engineers, and the beneficial impact of competition on scientific advancement. Just a few months later, in October 1957, the Soviet Union would launch Sputnik I; the Space Race was heating up.



During the first three months of this year—A.D. 1957—hardly a week has passed when the newspapers did not report on some gathering of scientists and engineers who were discussing space rockets and astronautics. A few years ago that very word—astronautics—was virtually unknown, and most people bothering to stop and reflect about its meaning would at best have taken it as a mild joke. Today one of the largest and best reputed aircraft companies in the United States has its $40 Million Astronautics Division with thousands of employees. And in those astronautical meetings of scientists and engineers the arguments no longer rage about the feasibility of this or that paper proposal, but about test programs, schedules, budgets, tracking organizations, and rocket hardware. There can no longer be any doubt about the fact that Astronautics has reached the stage of practical engineering.

What causes this sudden interest of Man in the conquest of outer space and the exploration of Worlds beyond our own? As it behooves a group of astronautical hopefuls let us for a moment assume the point of view of those little green men who allegedly have been observing us for centuries from their flying saucers. Let us see what has befallen the inhabitants of this planet Earth, who after several hundred thousand years of quiet, self-sufficient earthbound existence, suddenly have learned to fly and who now, a mere 50 years later, are making visible preparations for ventures outside of the atmosphere and even beyond the gravitational field of their abode. From their all-encompassing orbiting vantage point our little green friends would have noticed that, from the beginning of the 19th Century on, strange activities set in on this planet, the like of which had never before been seen. They observed how iron tracks were laid across the land. Soon a string of coaches, pulled by a smoking and puffing something, was seen moving along the rails. Carriages, hitherto horsedrawn, were seen speeding along without the benefit of horses, and humble dirt roads gave way to broad cross-country avenues which soon filled with dense traffic. Artificial lakes appeared on the face of the earth. Wire lines, supported by filigree steel towers, were strung from these lakes to neighboring cities. And while these cities stayed ablaze with light after sunset, a forest of smokestacks soon began to hide them in a veil of smog.

As experienced, cosmopolitan-minded travelers through the galaxies, our visiting astronauts would have concluded that the inhabitants of this planet Earth were beginning to learn how to harness the forces of Nature. From their experience with other inhabited worlds, they would have known that Man and his Earth were in the midst of that most crucial and painful period of their existence, the transition from the pro-technological to the golden Technological Age—that they were in the midst of their Technological Revolution.

Ladies and Gentlemen: Proud as we may be of our steady advances in the natural sciences and engineering, of all the little daily improvements here and there that we are wont to wrap up in that little word “progress,” we seldom stop to think how deep-reaching the effects of this Technological Revolution have been on virtually everything has happened on this planet during the last 150 years. Perhaps the fact that Man’s occupation with the natural sciences can be dated back many centuries, that names such as Aristotle, Copernicus and Newton are generally accepted landmarks of Man’s growing scientific enlightenment, has somewhat obscured the picture. We should not lose sight of the fact, however, that while these and other great men searched for knowledge and truth about God’s world, they did not concern themselves in the least with the application of their scientific knowledge to the plight of Man. It is an undeniable fact that only since the beginning of the 19th Century something absolutely new and unprecedented has entered human history: The determined attempt to liberate the human race from the yoke of heavy physical labor through the harnessing and utilization of the forces of nature.

All the great civilizations of the past were based on some form of human bondage: the ancient had outright slavery, in the Middle Ages it was called serfdom, but for all the fine distinctions historians have tried to make between these terms the basic idea was always the same. In pre-technological times a civilization was looked upon as an organism, like a flower. And for a flower to bloom and to turn its blossom toward the light, its roots, which give it the strength, must dig in the dirt. For humanity’s survival a certain amount of unpleasant, heavy labor had to be performed. Mechanical means for doing that dirty work were unknown; therefore human bondage for all but a happy few appeared to be a God-given necessity, and a logical and even vital institution in the pattern of the creation. This simple logic seemed so obvious that even the great thinkers of antiquity—and among them were the originators of many of the most fundamental ideas of the Western World—found nothing offensive in it.

Technology, the submission of the forces of nature, is Man’s first and only chance to abolish effectively the curse of slavery, whatever its name. Only with the help of technology can we hope to build a cultural organism in which not only a favored few, standing on the shoulders of the multitude, may blossom, but one in which everybody has an equal chance to deploy his capabilities in the light of universal freedom.

We are on our way to this lofty goal, but we have not attained it yet. In fact, in its first phase the Technological Revolution probably created more new problems than it solved. It speeded up the growth of the large cities where many a farm boy traded the freedom and beauty of life on the farm for the ugliness of a crowded existence in a smokefilled industrial city. It created great riches on the one side, and inadequate benefits for the workers on the other, with resulting social unrest. It created a new representative of human bondage—the proletarian, a slave who was no longer for sale but for rent. Theoretically of course, the proletarian was a free man, but the penalty for his deserting the job was still the same as that for the slave of ancient days, namely death by starvation.

We are still surrounded by sad remains and reminders of this early phase of the Technological Revolution. The lot of many miners is still reminiscent of that of the Biblical Hebrew slaves who built the pyramids, and the monotonous job of an assembly-line worker still has a conspicuous resemblance to that of an ancient galley-slave.

But the new paradise which the Technological Revolution promises is no longer a mere silver lining on the horizon. We have unmistakable signs of its imminence. Our highways are no longer built by road gangs toiling with pick and shovel, but by cigarette-smoking operators sitting on heavy road-building machines. Assembly line workers are rapidly being replaced by electronically controlled automation of manufacturing processes. The stoker of an electrical power plant who, half a century ago, half-naked and sweating, had to shovel coal into blazing fires, now sits in a tile-covered control room, clad in a white gown, and monitors the instruments of the automatic fuel controls. No longer does he live in a cold water city flat. He has his own little suburban home and drives his own car.

The Technological Revolution has brought about an entirely new set of unprecedented problems for the organization of human existence on this planet. In fact, most of today’s political problems are a direct consequence of the Technological Revolution. Capitalism, socialism and Communism were unknown words before the invention of the steam engine. So were terms such as trade unions, raw material bases, transoceanic supply lines, and oil concessions.

One of the most crucial problems of our times lies in the fact that the very nature of technology is dynamic, while the forms of political law and order which mankind needs for a peaceful co-existence, are fundamentally static. The contradiction between the static forms of political order and the rapidly changing technological conditions is likely to create in the future, as it has in the past, a continuous source of conflict. For every major invention changes the basis of human existence far more profoundly than a treaty between nations or an agreement between statesmen.

The overshadowing prominence of the Technological Revolution is impressively manifested by the fact that it knows no national boundaries. Its unmistakable signs— smokestacks, roads, railroads, power lines and industrial cities—can be found on both sides of the Iron Curtain: in America and Europe, the birthlands of modern industry, as well as in historically agricultural Russia and China. It has spread like wildfire to South America and Australia and is establishing over firmer footholds in the darkest parts of Africa. Even spiritual India, where since time immemorial men had held that the only road to human happiness was abstention from worldly ambitions, goods and riches, is now competing with the rest of the world in the construction of hydro-electrical power plants and the operation of transcontinental airlines.

But while the enthusiasm for the Technological Revolution may be the same on both sides of the Iron Curtain, there are truly fateful differences in its implementation.

We in the West take account of the fact that the prime mover of technological progress is Man himself; Man, with his hopes, dreams and imaginations; Man, with his enthusiasm and pride of accomplishment; but Man also with all his foolishness and weaknesses, with his personal ambition, greediness and thirst for pleasure. We believe in a free society where Man can pursue his own dreams, follow his own ambitions and form his own life. We believe in limiting his activities only to the extent as they might harm his fellow citizens, and we are entirely ready to accept even his weaknesses such as egotism and search for easy profit as natural and human and smilingly put them to work. We subscribe to the belief that the rich man’s luxury of today is the average person’s consumer good of tomorrow. The result of this general attitude is an economy governed by an all-out effort by everybody to be more effective than his competitor. We must push the spokes of the wheels of progress in order not to be run over ourselves. But while we are throwing everything we have into the fight, we must concede that we are using some of our strength, not against the forces of nature which we set out to harness, but against our business rivals.

On the other side of the Iron Curtain this free-wheeling way of going about the business of progress is considered wasteful. In accordance with the basic Communist creed that there should be no private ownership of means of production, the State took over the management of the factories and laboratories. Not Man himself as a warm-blooded individual was to be the hub of progress, but an all-embracing and all-controlling Master Plan. Whole series of consecutive Five-Year Plans were thus enacted which, on paper at least, provided an admirably dovetailing set of schedules for the organization of industrial development and progress. The gear box of this gigantic machinery, the purpose of which was to convey the driving power to its many outlets, was grandiose, but soon it became apparent that what failed was the motor itself: Man. At first, Communist revolutionary enthusiasm was supposed to step in and provide the driving energy which had taken a nosedive when, because of lack of incentive, the personal interest of the individual had faded. After the atom of enthusiasm had blown itself out, an appeal to proletarian solidarity was called upon to replace it. And after this had failed, too, naked terror was tried as the last resort. But while it succeeded in keeping the wheels of the machinery from grinding to a complete stop, the results were so disappointing that the Soviet leaders themselves realized that the re-introduction of incentives—which, of course, was tantamount to a differentiation in the standard of living—was an absolute Must if their great Soviet Economical Experiment was to be saved from monumental failure.

The Soviet leaders were confronted with yet another problem which compelled them to return to an effective incentive system. While the Communist Revolution could be run and was run by political amateurs, the Technological Revolution can only be run by professional scientists and engineers. Without an adequate educational system capable of producing a steady supply of scientists and engineers to direct the work in their factories and laboratories, they could not hope to catch up with the Western World’s advances in technology. And without continued progress in the realm of the Technological Revolution, their political revolution would have been doomed. For it would have been demonstrated for all the world to see that Communism was not capable or industrially organizing a backward country.

We know how frighteningly successful the Soviets have been during the past decade in producing ever-increasing numbers of scientists and engineers. But while this development—and its consequences on the future economic and military position of the West—should be given all the serious consideration it deserves, we should not lose sight of the fact that it contains a very strong element of truly bright hope. For there can be no scientific education without encouragement of a critical attitude on the part of the student. There can be no scientific progress without a healthy disregard for the printed word and for dogmatic truths established by authorities or famous predecessors. And no man can be a true engineer unless—like a medical man—he looks upon his job as a calling, as an opportunity to make a contribution to the technological progress for the betterment of Man’s life on this earth. I am convinced that the education of those hundreds of thousands of scientists and engineers in the Soviet orbit will have its lasting effects on the Soviet system itself. It will make it more and more difficult for the Few to impose their will unchallenged upon the Many. Those hundreds of thousands of critically and scientifically trained minds will cause more discussion, criticism and “feed-back from the bottom”; they will, in general, mellow the Soviet System’s monolithic structure. But most important, they will, in the long run at least, enhance the role of ethics in the Soviet System and will reduce the role of momentary expediency.

It is my firm belief in the ennobling effect which this mass-education program will have on the Soviet System, that affords me my optimistic outlook on the future of mankind.

Our present, sometimes seemingly hopeless, political impasse with the governments behind the Iron Curtain shows us with a frightening clarity that all of Man’s scientific and engineering efforts are in vain unless they are performed and utilized within a framework of ethical standards commensurate with the magnitude of the scope of the Technological Revolution. The more technology advances, the more fateful will be its impact on humanity. If the world’s ethical standards fail to rise with the advances of our Technological Revolution, we shall all perish. Let us remember that in the horse-and-buggy days nobody got hurt if the coachman had a drink too many. In our times of high-powered automobiles, however, that same drink may be fatal!

Source: Wernher von Braun, “Space Travel and Our Technological Revolution.” April 1957. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000041139.pdf

WERNHER VON BRAUN, “THE LESSONS OF SPUTNIK” (OCTOBER 29, 1957)

With the launch of Sputnik 1, the first artificial satellite, on October 4, 1957, the Space Age truly began. However, it was a victory for the Soviet Union. The United States was caught off guard; its Vanguard program had planned to launch in September, but wasn’t ready yet. In response to the uproar, the Defense Department approved the Explorer program, which would launch a satellite on top a Jupiter-C Redstone rocket (developed by von Braun’s team). Just 84 days after the launch of Sputnik 1, Explorer 1 headed for the stars to study cosmic rays. In this speech to the Association of the United States Army, Wernher von Braun described the various reactions to the Sputnik 1 launch, and addressed what the United States could learn from this defeat.



October 4, 1957, the day when Sputnik appeared in the skies, will be remembered on this planet as the day on which the Age of Space Flight was ushered in.

For the international fraternity of science the successful launching of the world’s first satellite by the Soviet Union has been a truly great scientific and technological achievement, an historical milestone in man’s imminent conquest of space.

For the western world, which has been looking to America for leadership in science and technology, the announcement has come as a shock and surprise.

For the United States, the failure to be the first to accomplish this feat has been a national tragedy, and no amount of assertion that we have never really been racing the Soviets in this field of endeavor will undo the irreparable damage that this technological breakthrough has done to American prestige around the globe.

Our international dilemma was soberly and concisely formulated by a well-known TV commentator when he said: “We advertised the fact that we would do it and we have failed to produce results. The Soviets did not promise anything and they produced convincing success. Our credibility in the eyes of the world will decrease, and theirs will increase.”

Mistakes are made wherever people live and strive. We are all human, and we are not expected to be infallible. The right to make a mistake, in particular a mistake in judgment, is one of man’s most important birthrights, at least in a free country.

But people greatly differ in their behavior after a defeat.

Some make an all-out effort to collect arguments to convince themselves and others that they had no responsibility for the setback, or that, if you only looked at it right, the defeat actually wasn’t a defeat after all.

Others withdraw from any argument, and double their efforts along the old lines.

Still others try to analyze the reasons for their setbacks, and learn from them.

I believe that there are quite a few things we can learn from Sputnik. Indeed, failure to do so will not only cost us dearly in time and money for our present and future large rocket programs, but may delay for many years a real operational readiness of space weapons that may be so vital for our very survival. If I were not profoundly convinced of this, I would prefer not to express myself at all on matters pertaining to the U.S. satellite program, for I was deeply and personally involved in its origination, and I have a number of good friends and personal acquaintances who have held responsible positions in it ever since its formation. It is no longer a secret that I got a bloody nose in this program when, two years ago, our proposal for a minimum satellite vehicle based on the Redstone missile was rejected in favor of what later became the Vanguard project. Whoever voted against our proposals then, got his bloody nose now, with the announcement of the Soviet success. Thus, there are no personal axes to grind any longer. We all have lost the first round to the Soviets, and we might as well face it. And the reason why I am saying this is that I do not want to see us lose any more rounds.

None of the things we can learn from the Soviet success involve questions of a scientific or technological nature, or of project management in the purely technical areas. We have a number of excellent missile development teams in this country, and their achievements, despite all the unavoidable setbacks of early test programs, are beyond reproach. I should like to specifically include the technical team in charge of the Vanguard project in this statement.

But we have committed some grave errors in judgment with regard to rather fundamental questions. One of these is, of course, that we have failed to recognize the tremendous psychological impact of an omnipresent artificial moon, visible to anyone with a pair of good eyes, and audible to anyone with a simple radio receiver. But the newspapers have exhaustively covered this aspect of Sputnik. So let me move on to the less obvious ones, and allow me to single out and discuss those areas that I consider of particular importance for a sound planning of our future large rocket program.

One of our gravest errors has been our failure to appraise realistically the research and development capabilities of a country run by a totalitarian government. This has caused a rather complacent attitude about our alleged technological superiority, which made us feel the shock of Sputnik’s sudden appearance all the more rudely.

Having had the dubious privilege of living and working under a totalitarian government for many years, I think I can discuss this topic with considerable competence. Several crash programs in Hitler’s Germany carried out in peace as well as in war gave me extensive personal experience, and I think much of this is directly applicable to conditions in the Soviet Union today.

Thanks probably to the influence of Hollywood, there is a widely held belief in the United States that in a dictatorship any scientist working on a project of national importance lives and works under continuous day-and-night surveillance by the secret police. As personal freedom of movement and thought and free exchange of ideas are generally recognized as vitally needed prerequisites for scientific progress, the conclusion is that in dictatorships genuine scientific work cannot flourish.

How does this cliche compare with the realities of everyday work and life at, for example, the Peenemuende rocket center in Germany where we developed the V-2 rocket?

Neither I myself nor any of my associates at Peenemuende were ever required to submit a travel itinerary in advance, regardless of whether the trip involved a short business meeting or a vacation lasting several weeks. Throughout the war we had continuous, intimate contact with no less than 36 university institutes and polytechnicums. These held research contracts in support of our missile work which were let by our Peenemuende center, and which usually were so broadly worded that they gave the recipient institute extremely wide latitude in their implementation. Discussions and joint symposia resembled in every respect similar meetings in this country. In this truly liberal, academic atmosphere many ideas were born that to this day are successfully applied in missile work.

Where, then, did the terror of the dictatorship come into the picture?

Well, they would have a dossier on you, listing all the nasty things you may have said at one time or another about the regime in general or some individuals in the upper hierarchy. Or, if you were a real bad boy in other aspects, they would have all your weaknesses and vices listed that they knew about. But they would leave you in peace as long as your usefulness, in their opinion, was greater than your debit account. Once they felt they could do without you and you were in their way, they’d just call for that dossier and destroy you. It was as simple as that.

It surely sounds awful, but the sober fact is that people learn to live with such a situation. Just like you don’t deny yourself that Labor Day weekend trip in spite of the statistics predicting that so many will be killed in road accidents, the man in the totalitarian state goes about his business ‘as usual’. Something like 700 million people are presently under Red rule, and they are likely to have learned to live, and to some extent even to enjoy their lives, in the face of possible sudden ‘road accidents’.

Let’s therefore forget the convenient but dangerous myth of the impotent totalitarian scientist with the secret policeman pointing his gun at his neck. . . .

What lessons can we learn from this?

First and foremost, let us give more appreciation to the value of the team in modern research and development efforts! Successful R&D teams are the most valuable assets this country has in its continuous struggle for scientific and technological leadership; therefore, for heaven’s and the western world’s sake, let’s protect the integrity of those teams! And lest you think I am saying this solely in the interest of our team in Huntsville, I want to make it perfectly clear that I wish to include all our missile competitors in this plea, also. Indeed, I do not even want to limit it to missile development teams. It applies just as well to R&D work in the fields of advanced aircraft, radar, or nuclear energy. . . .

The most important lesson we can learn from Sputnik, however, is that Russia has grasped the full significance of man’s imminent conquest of space, while America has not.

All the available evidence points to the probability that the Russians have used a multistage rocket, originally designed to carry a thermonuclear warhead over intercontinental ranges, to launch their 135-pound satellite; that this rocket, with very minor modifications that probably can be carried out within a year, is capable of placing a load of 50 to 100 pounds on the Moon; and that the same rocket is capable of placing a satellite of several times Sputnik’s weight into orbit. Furthermore, it appears that with this weight allowance, the Soviets can launch a military reconnaissance satellite equipped with a television picture playback feature within the next two years, and that with the help of a few such reconnaissance satellites they can keep track of the progress of all construction projects, ship movements, and airbase operations on this side of the Iron Curtain. Finally, it seems quite clear that the Russians have a sound and extensive program designed to solve the difficult task of safe return from orbital flight with all its attendant space medical problems, the purpose of which is to prepare the way for manned orbital flight.

In the light of this situation, we had better brace ourselves—and prepare the U.S. public—for a few more dramatic Soviet ‘firsts’ in the new field of astronautics. The simple fact is that for several years they have pursued a consistent, well-coordinated space flight program, a program they have supported with their extensive military rocket know-how and hardware. Our failure to do the same cannot be undone immediately, because all major technological projects involve lead time difficulties. It will cost us years during which we will now be condemned to witness helplessly how the Soviets, in full view of millions watching in awe, reap the easy fruits of man’s first step to conquer outer space. And chances are that unless Sputnik catapults us into quick action, historians a hundred years from now will blame our failure to comprehend the full meaning of the Space Age as one of the west’s most fateful mistakes. . . .

We have lost a battle, and we may lose a few more, but we have not yet lost the war. If we only remember that it is more important to get United States satellites up there, rather than Army, Navy, or Air Forces satellites, we will soon be in good shape again. . . .

Source: Wernher von Braun, “The Lessons of Sputnik.” Presented to the Association of the United States Army, Washington, DC, October 29, 1957. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000041141.pdf

PRESIDENT EISENHOWER’S MESSAGE TO CONGRESS ON SPACE SCIENCE AND EXPLORATION (APRIL 2, 1958)

In this message to Congress, President Eisenhower announces his plan to create a new agency, the National Aeronautics and Space Agency (NASA), to administer the space program of the United States. Triggered by the Soviet Union’s launch of Sputnik, the purpose of NASA was to oversee all space-related research as a civilian agency. It would replace and expand upon the more military-based NACA. However, the Department of Defense would maintain control over anything weapon-related, and in fact was authorized to continue to launch research satellites until the new agency could take over.



Recent developments in long-range rockets for military purposes have for the first time provided man with new machinery so powerful that it can put satellites into orbit, and eventually provide the means for space exploration. The United States of America and the Union of Soviet Socialist Republics have already successfully placed in orbit a number of earth satellites. In fact, it is now within the means of any technologically advanced nation to embark upon practicable programs for exploring outer space. The early enactment of appropriate legislation will help assure that the United States takes full advantage of the knowledge of its scientists, the skill of its engineers and technicians, and the resourcefulness of its industry in meeting the challenges of the space age.

During the past several months my Special Assistant for Science and Technology and the President’s Science Advisory Committee, of which he is the Chairman, have been conducting a study of the purposes to be served by a national space program, of the types of projects which will be involved, and of the problems of organizing for space science functions. In a statement which I released on March 26, 1958, the Science Advisory Committee has listed four factors which in its judgment give urgency and inevitability to advancement in space technology. These factors are: (1) the compelling urge of man to explore the unknown; (2) the need to assure that full advantage is taken of the military potential of space; (3) the effect on national prestige of accomplishment in space science and exploration; and (4) the opportunities for scientific observation and experimentation which will add to our knowledge of the earth, the solar system, and the universe.

These factors have such a direct bearing on the future progress as well as on the security of our Nation that an imaginative and well-conceived space program must be given high priority and a sound organization provided to carry it out. Such a program and the organization which I recommend should contribute to (1) the expansion of human knowledge of outer space and the use of space technology for scientific inquiry, (2) the improvement of the usefulness and efficiency of aircraft, (3) the development of vehicles capable of carrying instruments, equipment and living organisms into space, (4) the preservation of the role of the United States as a leader in aeronautical and space science and technology, (5) the making available of discoveries of military value to agencies directly concerned with national security, (6) the promotion of cooperation with other nations in space science and technology, and (7) assuring the most effective utilization of the scientific and engineering resources of the United States and the avoidance of duplication of facilities and equipment.

I recommend that aeronautical and space science activities sponsored by the United States be conducted under the direction of a civilian agency, except for those projects primarily associated with military requirements. I have reached this conclusion because space exploration holds promise of adding importantly to our knowledge of the earth, the solar system, and the universe, and because it is of great importance to have the fullest cooperation of the scientific community at home and abroad in moving forward in the fields of space science and technology. Moreover, a civilian setting for the administration of space function will emphasize the concern of our Nation that outer space be devoted to peaceful and scientific purposes.

I am, therefore, recommending that the responsibility for administering the civilian space science and exploration program be lodged in a new National Aeronautics and Space Agency, into which the National Advisory Committee for Aeronautics would be absorbed. Hence, in addition to directing the Nation’s civilian space program, the new Agency would continue to perform the important aeronautical research functions presently carried on by the National Advisory Committee for Aeronautics. The new Agency would be headed by a Director appointed by the President by and with the advice and consent of the Senate.

In order to assist the President and the Director of the National Aeronautics and Space Agency, I recommend that a National Aeronautics and Space Board, appointed by the President, be created. Several of the members of the Board should be from the Government agencies with the most direct interest in aeronautics, space science, and space technology. To assure that military factors are considered by the Board, at least one member should be appointed from the Department of Defense. Members appointed from outside the Government should be eminent in science, engineering, technology, education or public affairs and be selected solely because they have established records of distinguished achievement.

The National Aeronautics and Space Agency should be given that authority which it will need to administer successfully the new programs under conditions that cannot now be fully foreseen.

In order that the Agency may attract and retain the services of scientists and technicians which it must have to carry out its responsibilities with full effectiveness, it should have the authority, subject to regulations prescribed by the President, to fix the compensation of its employees at rates reasonably competitive with those paid by other employers for comparable work without regard to the provisions of existing classification laws.

The Agency should have the power to conduct research projects in its own facilities or by contract with other qualified organizations. It will thus be free to enlist the skills and resources required for the space program wherever they may be found, and to do so under the arrangements most satisfactory to all concerned. Provision should also be made for continuing and further enhancing the close and effective cooperation with the military departments which has characterized the work of the National Advisory Committee for Aeronautics. Under such cooperative arrangements it is expected that the National Aeronautics and Space Agency will perform research required in the furtherance of strictly military aeronautics and space objectives, just as the National Advisory Committee for Aeronautics now carries on important research work for the military services in aerodynamics, propulsion, materials and other fields important to the development of military aircraft and missiles.

The National Advisory Committee for Aeronautics is already engaged in research directly related to flight outside the earth’s atmosphere and has research facilities adapted to work in space science. Upon the enactment of legislation carrying out my recommendations, all of the resources of the National Advisory Committee for Aeronautics would immediately come under the direction of the new Agency. The Department of Defense and its contractors, as well as other agencies, have active programs which should be considered for administration by the National Aeronautics and Space Agency. I recommend that this fact be taken into account and provision made for the transfer to the Agency of such functions, activities and facilities of other departments and agencies as may be found to be appropriate for administration by the new Agency, subject to the concurrence of the heads of the affected agencies and with the approval of the President.

The Director of the Bureau of the Budget is transmitting to the Congress draft legislation to establish the National Aeronautics and Space Agency and to authorize research into the problems of flight within and outside the earth’s atmosphere. I urge that the Congress give prompt consideration to the draft legislation and that it be enacted at the earliest possible date.

Pending enactment of legislation, it is essential that necessary work relating to space programs be continued without loss of momentum. For this reason, I have approved, as part of an interim program of space technology and exploration, the launching of a number of unmanned space vehicles under the direction of the Advanced Research Projects Agency of the Department of Defense. The projects which I have approved include both scientific earth satellites and programs to explore space. In taking this interim action, I directed the Department of Defense to coordinate these projects with the National Advisory Committee for Aeronautics, the National Science foundation, and the National Academy of Sciences. I also indicated that when a civilian space agency is created, these projects would be reviewed to determine which should continue under the direction of the Department of Defense and which should be placed under the new Agency.

It is also important that measures be taken to assure the prompt and orderly implementation of the proposed aeronautics and space legislation when enacted.

I am requesting the Department of Defense and the National Advisory Committee for Aeronautics to review pertinent programs of the Department and to recommend to me those which should be placed under the direction of the new Agency. I have also asked that they prepare an operating plan to assure support of the new Agency by organizations, facilities, and other resources of the Department of Defense, either by cooperative arrangements or by transfer to the new Agency.

It is contemplated that the Department of Defense will continue to be responsible for space activities peculiar to or primarily associated with military weapons systems or military operations. Responsibility for other programs is to be assumed by the new Agency. In this connection, I commend to the attention of the Congress the comments of my Science Advisory Committee, in its statement of March 26, 1958, on the military applications of space technology.

I am also asking the National Advisory Committee for Aeronautics to begin immediate preparation of such detailed plans as may be required to prepare for the assumption by the National Aeronautics and Space Agency of the responsibilities contemplated for it. Those plans are to set forth the specific new space programs to be initiated and are to describe the internal organization, management structure, staff, facilities, and funds which will be required. The National Advisory Committee for Aeronautics is to discuss with the National Science foundation and the National Academy of Sciences the matter of participation by the scientific community in determining the scientific objectives of our space programs. The best scientific judgment available should be utilized. Matters related to dissemination of the data collected should also be considered.

I have also instructed the National Advisory Committee for Aeronautics to assume the responsibility for preparing and presenting to the appropriate committees of the Congress a full explanation of the proposed legislation and its objectives.

The vigorous program contemplated will depend not only on adequate legislative authority but also on adequate financial support. I shall shortly submit to the Congress an amendment to the fiscal year 1959 Budget to provide funds that will be needed by the new Agency in its first year of operation.

Source: Public Papers of the Presidents of the United States. Dwight D. Eisenhower. Washington, DC: Government Printing Office, 1958, pp. 269–273.

NATIONAL AERONAUTICS AND SPACE ACT (JULY 29, 1958)

This act, signed into law on July 29, 1958, by President Eisenhower, created the National Aeronautics and Space Administration (NASA), dismantling the National Advisory Committee for Aeronautics (NACA). Whereas the NACA has been primarily a military venture, NASA was created to combine civilian and military efforts, and encouraged international cooperation. While in the midst of both the tension of the Cold War and the competitive nature of the Space Race with the Soviet Union, this act embodied a higher intention: “peaceful purposes for the benefit of all mankind.”



An Act

To provide for research into problems of flight within and outside the earth’s atmosphere, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,



TITLE I—SHORT TITLE, DECLARATION OF POLICY, AND DEFINITIONS



SHORT TITLE

Sec. 101. This act may be cited as the “National Aeronautics and Space Act of 1958”.



DECLARATION OF POLICY AND PURPOSE

Sec. 102. (a) The Congress hereby declares that it is the policy of the United States that activities in space should be devoted to peaceful purposes for the benefit of all mankind.

(b) The Congress declares that the general welfare and security of the United States require that adequate provision be made for aeronautical and space activities. The Congress further declares that such activities shall be the responsibility of, and shall be directed by, a civilian agency exercising control over aeronautical and space activities sponsored by the United States, except that activities peculiar to or primarily associated with the development of weapons systems, military operations, or the defense of the United States (including the research and development necessary to make effective provision for the defense of the United States) shall be the responsibility of, and shall be directed by, the Department of Defense; and that determination as to which such agency has responsibility for and direction of any such activity shall be made by the President in conformity with section 201 (e).

(c) The aeronautical and space activities of the United States shall be conducted so as to contribute materially to one or more of the following objectives:

(1) The expansion of human knowledge of phenomena in the atmosphere and space;

(2) The improvement of the usefulness, performance, speed, safety, and efficiency of aeronautical and space vehicles;

(3) The development and operation of vehicles capable of carrying instruments, equipment, supplies and living organisms through space;

(4) The establishment of long-range studies of the potential benefits to be gained from, the opportunities for, and the problems involved in the utilization of aeronautical and space activities for peaceful and scientific purposes.

(5) The preservation of the role of the United States as a leader in aeronautical and space science and technology and in the application thereof to the conduct of peaceful activities within and outside the atmosphere.

(6) The making available to agencies directly concerned with national defenses of discoveries that have military value or significance, and the furnishing by such agencies, to the civilian agency established to direct and control nonmilitary aeronautical and space activities, of information as to discoveries which have value or significance to that agency;

(7) Cooperation by the United States with other nations and groups of nations in work done pursuant to this Act and in the peaceful application of the results, thereof; and

(8) The most effective utilization of the scientific and engineering resources of the United States, with close cooperation among all interested agencies of the United States in order to avoid unnecessary duplication of effort, facilities, and equipment.

(d) It is the purpose of this Act to carry out and effectuate the policies declared in subsections (a), (b), and (c). . . .



TITLE II—COORDINATION OF AERONAUTICAL AND SPACE ACTIVITIES



NATIONAL AERONAUTICS AND SPACE COUNCIL

Sec. 201. (a) There is hereby established the National Aeronautics and Space Council (hereinafter called the “Council”) which shall be composed of—

(1) the President (who shall preside over meetings of the Council);

(2) the Secretary of State;

(3) the Secretary of Defense

(4) the Administrator of the National Aeronautics and Space Administration;

(5) the Chairman of the Atomic Energy Commission;

(6) not more than one additional member appointed by the President from the departments and agencies of the Federal Government; and

(7) not more than three other members appointed by the President, solely on the basis of established records of distinguished achievement from among individuals in private life who are eminent in science, engineering, technology, education, administration, or public affairs.

(b) Each member of the Council from a department or agency of the Federal Government may designate another officer of his department or agency to serve on the Council as his alternate in his unavoidable absence.

(c) Each member of the Council appointed or designated under paragraphs (6) and (7) of subsection (a), and each alternate member designated under subsection (b), shall be appointed or designated to serve as such by and with the advice and consent of the Senate, unless at the time of such appointment or designation he holds an office in the Federal Government to which he was appointed by and with the advice and consent of the Senate.

(d) It shall be the function of the Council to advise the President with respect to the performance of the duties prescribed in subsection (e) of this section.

(e) In conformity with the provisions of section 102 of this Act, it shall be the duty of the President to—

(1) survey all significant aeronautical and space activities, including the policies, plans, programs, and accomplishments of all agencies of the United States engaged in such activities;

(2) develop a comprehensive program of aeronautical and space activities to be conducted by agencies of the United States;

(3) designate and fix responsibility for the direction of major aeronautical and space activities;

(4) provide for effective cooperation between the National Aeronautics and Space Administration and the Department of Defense in all such activities, and specify which of such activities may be carried on concurrently by both such agencies notwithstanding the assignment of primary responsibility therefor to one or the other of such agencies; and

(5) resolve differences arising among departments and agencies of the United States with respect to aeronautical and space activities under this Act, including differences as to whether a particular project is an aeronautical and space activity.

(f) The Council may employ a staff to be headed by a civilian executive secretary who shall be appointed by the President by and with the advice and the consent of the Senate and shall receive compensation at the rate of $20,000 a year. The executive secretary, subject to the direction of the Council, is authorized to appoint and fix the compensation of such personnel, including not more than three persons who may be appointed without regard to the civil service laws or the Classification Act of 1949 and compensated at the rate of not more that $19,000 a year, as may be necessary to perform such duties as may be prescribed by the Council in connection with the performance of its functions. Each appointment under this subsection shall be subject to the same security requirements as those established for personnel of the National Aeronautics and Space Administration appointed under section 203 (b) (2) of this Act.

(g) Members of the Council appointed from private life under subsection (a) (7) may be compensated at a rate not to exceed $100 per diem, and may be paid travel expenses and per diem in lieu of subsistence in accordance with the provisions of section 5 of the Administrative Expenses Act of 1946 (5 U.S.C. 73b-2) relating to persons serving without compensation.



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Sec. 202. (a) There is hereby established the National Aeronautics and Space Administration (hereinafter called the “Administration”). The Administration shall be headed by an Administrator, who shall be appointed from civilian life by the President by and with the advice and consent of the Senate, and shall receive compensation at the rate of $22,500 per annum. Under the supervision and direction of the President, the Administrator shall be responsible for the exercise of all powers and the discharge of all duties of the Administration, and shall have authority and control over all personnel and activities, thereof.

(b) There shall be in the Administration a Deputy Administrator, who shall be appointed from civilian life by the President by and with the advice and consent of the Senate, shall receive compensation of $21,500 per annum, and shall perform such duties and exercise such powers as the Administrator may prescribe. The Deputy Administrator shall act for, and exercise the powers of, the Administrator during his absence or disability.

(c) The Administrator and the Deputy Administrator shall not engage in any other business, vocation, or employment while serving as such.



FUNCTIONS OF THE ADMINISTRATION

Sec. 203. (a) The Administration, in order to carry out the purpose of this Act, shall—

(1) plan, direct, and conduct aeronautical and space activities;

(2) arrange for participation by the scientific community in planning scientific measurements and observations to be made through use of aeronautical and space vehicles, and conduct or arrange for the conduct of such measurements and observations; and

(3) provide for the widest practicable and appropriate dissemination of information concerning its activities and the results thereof. . . .



CIVILIAN-MILITARY LIAISON COMMITTEE

Sec. 204 (a) There shall be a Civilian-Military Liaison Committee consisting of—

(1) a Chairman, who shall be the head thereof and who shall be appointed by the President, shall serve at the pleasure of the President, and shall receive compensation (in the manner provided in subsection (d)) at the rate of $20,000 per annum;

(2) one or more representatives from the Department of Defense, and one or more representatives from each of the Departments of the Army, Navy, and Air Force, to be assigned by the Secretary of Defense to serve on the Committee without additional compensation; and

(3) representatives from the Administration, to be assigned by the Administrator to serve on the Committee without additional compensation, equal in number to the number of representatives assigned to serve on the Committee under paragraph (2). . . .



INTERNATIONAL COOPERATION

Sec. 205. The Administration, under the foreign policy guidance of the President, may engage in a program of international cooperation in work done pursuant to the Act, and in the peaceful application of the results thereof, pursuant to agreements made by the President with the advice and consent of the Senate. . . .



TITLE III—MISCELLANEOUS



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Sec. 301. (a) The National Advisory Committee for Aeronautics, on the effective date of this section, shall cease to exist. On such date all functions, powers, duties, and obligations, and all real and personal property, personnel (other than members of the Committee), funds, and records of that organization, shall be transferred to the Administration.

Source: “National Aeronautics and Space Act of 1958,” Public Law #85-568, 72 Stat., 426. July 29, 1958, Record Group 255, National Archives.

MESSAGE TO NACA EMPLOYEES (SEPTEMBER 22, 1958)

T. Keith Glennan was appointed to be the first Administrator of NASA. He chose as his Deputy Administrator Hugh Dryden, who had been the director of the NACA. The two were responsible for creating the new agency from several disparate research groups, including the 8,000 employees of the NACA. In this message to the employees of the NACA, Glennan welcomes them to the new organization, asks them to review the mission as outlined in the Space Act, and outlines the tasks ahead of them.



Events are moving so swiftly here in Washington that I haven’t yet been able to visit NACA’s research centers and field stations. This I plan to do at the earliest opportunity but meantime I very much want to talk to you about our future.

First, let me says that I have long been familiar with NACA’s traditions and accomplishments. One of the real incentives underlying my acceptance of this job as NASA’s first Administrator was the knowledge that NACA would be the first and most substantial unit to be absorbed into NASA.

During my 11 years with Case Institute of Technology in Cleveland I came to know many of you from the Lewis Laboratory and was privileged to work with some of you on various civil projects. I have been impressed by the high state of morale at Lewis and by the vigor with which you conduct your activities in the research and development fields.

I recognize that you have developed deep and abiding loyalties for your organization. Without such loyalties there could never have been developed the esprit de corps that has characterized the NACA for so many years and has led to the outstanding accomplishments of the past. It is clear to me that NACA has deserved this kind of allegiance.

Now we have come to a new day. NACA is to become part of a new agency . . . the National Aeronautics and Space Administration. Established after long months of the most careful and earnest deliberation by the Administration and the Congress. You can be justly proud of the fact that your past achievements made NACA the choice of all governmental agencies out of which to build the new agency.

NASA will be different from NACA in many ways. That is inevitable, because in many ways, NASA’s job will be different. But . . . and this is extremely important both to you and me as individuals and to the success of our mission . . . NASA must be like NACA in the qualities of strength and character that make an organization great.

As you know, Dr. Dryden and I were appointed on August 8, and after confirmation by the Senate, we took the oath of office at the White House on August 19. Both Dr. Drydan and I had commitments that have required us to be away from Washington much of the time since then. Even so, we have managed to spend many hours working on plans and programs. I am glad to report that we have made such good progress that as of the close of business on Tuesday, September 30, the shift from NACA to NASA will become official.

One way of saying what will happen would be to quote from the legalistic language of the Space Act: “The NACA shall cease to exist . . . (and) all functions, powers, duties, and obligations and all real and personal property, personnel (other than members of the Committee), funds, and records of that organization” shall be transferred to NASA.

My preference is to state it in a quite different way. I like to say, and I believe I am being very realistic and very accurate when I do, that what will happen September 30 is a sign of metamorphosis . . . that it is an indication of the changes that will occur as we develop our capacity to handle the bigger job that is ahead.

Many of you, I am sure, have read the Space Act. If not, I would recommend that you read at least the first couple of pages, where our mission is clearly stated. We have one of the most challenging assignments that has ever been given to modern man.

I am not going to take time to read, verbatim, what the Act says about our mission . . . as I say, it is well worth reading, and I’m sure you’ll find that copies are available.

But I should like to tick off a few items of the total mission. Among them, one finds these . . . expansion of human knowledge about space . . . development and operation of vehicles capable of carrying instruments and man through space . . . long-range studies of the benefits of using aeronautical and space activities for peaceful and scientific purposes . . . preservation of the role of the United States as a leader in aeronautical and space science, and technology.

And then, of course, there’s the spelling out of what NASA is required to do in accomplishing these objectives.

That language is positive. It says we have a mighty big job to do. It says that NASA’s scope is much broader, and its objectives are much greater, than those of NACA. For example, the admittedly vital functions of NACA, research into the problem of flight, will now be only one part of NASA’s activities. We will have to broaden and extend the excellent team-work relationships we have enjoyed over the years with the Military Services and the airplane, missile and space industry. We will have to add new and extremely able people to our staff. In addition to our own laboratory activities, we will have to administer substantial programs of research, development and procurement with others on a contract basis. We will be spending large amounts of money, outside the agency, by contracts with scientific and educational institutions and with industry. We will also be using facilities of the Military Services, such as the launching pads at Cape Canaveral and Camp Cooke, and will be operating satellite-tracking stations all around the world. We will have to collect great masses of scientific data, and reduce them to useful form.

We will be developing and launching into space vehicles needed to obtain scientific data and to explore the solar system. We will be preparing for the day of manned flight into space.

And that isn’t a complete list either. But it will give you an idea of the size and the complexity of our NASA mission.

NASA will have about $300 million for its program in Fiscal 1959. With this appropriation we must press forward the current research programs in our laboratories. We must contract for work by others in such fields as electronics and guidance and in other areas where we have neither the special competence nor the facilities that are needed. We must accelerate our development programs. We must acquire the vehicles that will carry our data-gathering apparatus and, ultimately, man into space.

As we move forward, we will be building upon half a century of aeronautical research and progress in which NACA has played so important a part. Together, you and I must make maximum use of the momentum, morale and organization we have now. We must achieve the same high purpose and performance for the all-inclusive aeronautical and space programs of NASA that have characterized NACA throughout its history.

Our prospects are both challenging and exciting. I know of no better way of summing up than to quote Sen. Lyndon Johnson, Chairman of the Special Committee on Space and Astronautics, who said during our August 14 confirmation hearings:



There are no blueprints or roadmaps which clearly mark out the course . . . The limits of the job are no less than the limits of the universe. And those are limits which can be stated but are virtually impossible to describe . . .

In a sense, the course of the new Agency can be compared to the voyage of Columbus to the New World. The only difference is that Columbus . . . with his charts drawn entirely from imagination . . . had a better idea of his destination than we can possibly have when we step into outer space.

We do know certain things. We want outer space to be a highway to peace and prosperity and not a road to war. We seek a maximum development of all the potentialities and not just a narrow production of new weapons.



Thank you very much. The next time we talk, I hope it will be face to face.

Source: “Glennan Message to NACA Employees.” September 22, 1958. Glennan Speeches, NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037555%20-%20508%20pass.pdf

REPORT OF THE SPECIAL COMMITTEE ON SPACE TECHNOLOGY (OCTOBER 28, 1958)

This report, written after the passage of the National Aeronautics and Space Act, laid out the priorities for the new agency. The launch of artificial satellites had been achieved by both the United States and the Soviet Union; the next goal was manned space flight. The report recommended developments in practicalities (such as ground facilities to track and manage flight operations) and research (tools to advance human knowledge of space).



SUMMARY

The major objectives of a civil space research program are scientific research in the physical and life sciences, advancement of space flight technology, development of manned space flight capability, and exploitation of space flight for human benefit. Inherent in the achievement of these objectives is the development and unification of new scientific concepts of unforeseeably broad import.

Space Research—Instruments mounted in space vehicles can observe and measure “geophysical” and environmental phenomena in the solar system, the results of cosmic processes in outer space, and atmospheric phenomena, as well as the influence of space environment on materials and living organisms. A vigorous, coordinated attack upon the problems of maintaining the performance capabilities of man in the space environment is prerequisite to sophisticated space exploration.

Development—Flight vehicles and simulators should be used for space research and also for developmental testing and evaluation aimed at improved space flight and observational capabilities. Major developmental recommendations include sustained support of a comprehensive instrumentation development program, establishment of versatile dynamic flight simulators, and provision of a coordinated series of vehicles for testing components and sub-systems.

Ground Facilities—Properly diversified space flight operations are impossible without adequate ground facilities. To this end serious study aimed toward providing an equatorial launching capability is recommended. A complete ground instrumentation system consisting of computing centers, communication network, and facilities for tracking and control of and communication (including telemetry) with space vehicles is required. At least part of the system must be capable of real time computation and communication. A competent satellite communications relay system would be most valuable in this regard, and it is recommended that NASA take the lead in determining the specifications of such a system. A coordinated national attack upon the problems of recovery is recommended.

Flight Program—The first recovery vehicles will probably be ballistic, but the control and safety advantages of lifting re-entry vehicles warrant their development. A million-pound-plus booster can be achieved about three years sooner by clustering engines than by developing a new single-barrel engine, but the cluster would not have the growth potential of the larger engine. Further growth potential requires the development of the single-barrel engine. Both developments are needed.

Strong research effort on novel propulsion systems for vacuum operations is urged, and development of high-energy-propellant systems for upper stages should receive full support.

Three generations of space vehicles are immediately available. The first is based on Vanguard-Juniper C, the Second on IRBM boosters, and the third on ICBM boosters. The performance capabilities of various combinations of existing boosters and upper stages should be evaluated, and intensive development concentrated on those promising greatest usefulness in different general categories of payload.



INTRODUCTION

Scientifically, we are at the beginning of a new era. More than two centuries between Newton and Einstein were occupied by the observations, experiments and though that produced the background necessary for modern science. New scientific knowledge indicates that we are already working in a similar period preceding another long step forward in scientific theory. The information obtained from direct observation, in space, of environment and of cosmological processes will probably be essential to, and will certainly assist in, the formulation of new unifying theories. We can no more predict the results of this work than Galileo could have predicted the industrial revolution that resulted from Newtonian mechanics.

The observation of the nature and effects of the space environment are necessarily paced by the development of space flight capabilities. This report presents suggestions regarding research policies and procedures that should aid in the establishment and improvement of capabilities for space flight and space research. . . .



OBJECTIVES

A national civil space research program to explore, study, and conquer the newly accessible realm beyond the atmosphere will have the following general objectives:

1. Scientific research and exploration in the physical and the life sciences.

Submerged as he always has been beneath the “dirty window” of the atmosphere, man has necessarily inferred the nature of the physical universe from local observations and glimpses of what lies beyond his essentially two-dimensional earth-bound habitat. Little of the radiation and few of the solid particles from outer space reach the earth’s surface, yet practically all aspects of man’s earthly environment are determined ultimately by extraterrestrial factors. The radiation that does reach the surface is so distorted by passage through the atmosphere that only incomplete observations can be made on the nature of other celestial bodies and the contents of interstellar space.

With the information derived from experiments and directed observations in the actual space environment, man will achieve a better understanding of the universe and of nature phenomena and life on the earth.

An excellent start toward determination of the near-space environment has already been made in connection with the IGY, and pattern of inter-national cooperation that has developed with this program indicates that mutual understanding and respect among the nations of the earth may be generated by concerted attack upon scientific problems. Inasmuch as national scientific excellence is, to a great extent, now evaluated by the people of the earth in terms of success in the exploration of space, it behooves the United States to achieve and maintain an unselfish leadership in this field.

2. Advancement of the technology of space flight.

Propulsion systems have been developed having the demonstrated capability of putting small instrumented packages into orbit about the earth. However, the reliability of the total vehicle and control system needs improvement in order to conduct much of the desired space program. Larger power plants, and new higher-energy fuels and the equipment to produce them must be developed. If orbits about the earth are to be expanded into practical interplanetary trajectories, new propulsion systems have very low fuel consumption and modest thrust will be required in order that the trajectory can be controlled to perform the mission.

A good start has been made on the development of instrumentation for observing the environment in space. Instrumentation for controlling and navigating the vehicle and for communicating with the earth will require extensive development. Because for the server weight restrictions, all instrumentation must be severely miniaturized. Ground-based communications systems must be expanded to provide for the control of and communication with vehicles on lunar or planetary missions, and for properly controlled re-entry and recovery.

Novel structural problems are posed by space vehicles. Heavy loads of steady acceleration, shock and vibration occur during boost, while weightlessness during unpowered space flight makes possible the use of nonconventional mechanical design principles. For vehicles which must re-enter the earth’s atmosphere, problems of structural integrity under high re-entry heating rates, larger thermal gradients, and thermal shock are very important. All of these requirements must be met with an absolute minimum of structural weight.

Extensive human engineering developments are required in order for manned space flight to be successful. Because of the rigorous but largely unknown space environment, these developments will depend critically upon the information obtained in the early probing flights.

A successful National Space Program, therefor requires continuing improvement and development in the pertinent fields of technology.

3. Manned space flight.

Instruments for the collection and transmission of data on the space environment have been designed and put into orbit about the earth. However, man has the capability of correlating unlike events and unexpected observations, a capacity for overall evaluation of situations, and the background knowledge and experience to apply judgment that cannot be provided by instruments; and in many other ways the intellectual functions of man are a necessary complement to the observing and recording functions of complicated instrument systems. Furthermore, man is capable of voice communication for sending detailed descriptions and receiving information whereby the concerted judgment of others may be brought to bear on unforeseen problems that may arise during flight.

Although it is believed that a manned satellite is not necessary for the collection of environmental data in the vicinity of the earth, exploration of the solar system in a sophisticated way will require a human crew.

4. Exploration of space for human benefit.

The practical exploitation of satellites and space vehicles for civil purposes and for human benefit may be as important as—or even more important than—the immediate military uses for space flight. Perhaps the most important example is the use of satellite vehicles for active or passive communications relay. This could extend what are effectively line-of-sight communication links for thousands of miles between points on the ground, with very great bandwidths and none of the capriciousness now characterizing long-range HF communications.

Many indirect benefits will also be derived from the technological developments that will made space flight practical. The necessarily high technological standards required for space flight will certainly accelerate improvement in transportation, communications and other contributions to human welfare.

The unpredictable long-term benefits of space-accelerated scientific and technological advancement will almost certainly far exceed the foreseeable benefits.

Aside from the intentional omission of military and political objectives, the foregoing objectives appear to be in consonance with those mentioned in “Introduction to Outer Space,” by the President’s Science Advisory Committee (Killian Committee), and with the objectives stated in the National Aeronautics and Space Act of 1958, which is the enabling legislation for the National Aeronautics and Space Administration. . . .



CONCLUSION

Scientific advances of the broadest import can result from substantially improved understanding of cosmic processes and their influence upon the environment, and therefore the inhabitants, of the earth. The acquisition of such understanding depends critically upon the establishment of observational vantage points outside the insulation of the earth’s atmosphere. The discussions and suggestions regarding research policies, procedures and programs presented in this report are intended to further the rapid and efficient development of the requisite space flight capabilities. All of these suggestions include recommendations, either stated or impact, for cooperation or close coordination within related work by other civil and military agencies. More detailed discussions and program recommendations in particular fields are treated by Working Group reports. . . .

Source: Special Committee on Space Technology, “Recommendations to the NASA Regarding A National Civil Space Program,” October 28, 1958; NASA Historical Reference Collection, History Office, NASA Headquarters, Washington, DC. Available online at https://www.history.nasa.gov/report58.html

T. KEITH GLENNAN, “THE CHALLENGE OF THE SPACE AGE” (DECEMBER 8, 1958)

In this speech to the Fort Worth Chamber of Commerce, NASA Administrator T. Keith Glennan reviews the failures of the past, the steps taken so far, and the promise of the future of the United States space program. After the “shock waves” of the previous year, Glennan is optimistic about the future of NASA and space exploration.



We at NASA have been given a big job—planning and executing the nation’s civilian space program. But before talking about some aspects of our task, I would first like to dispose of a question that is asked of me quite often: Why venture at all into the unknown, towards the moon, the planets and then towards the stars so far beyond? One answer was given by Tsiolkowsky, the 19th century scientist whom Russia considers the grandfather of space travel. It was that, “the earth is the cradle of the mind, but one cannot live forever in a cradle.”

Another, simpler way of’ answering that question is to say that man always has had his eyes fixed upon the stars. Now, for the first time, he has the ability to take his first faltering steps toward those goals. And because we are the way we are, there will always be those among us who will venture off, to seek our El Dorados in the sky.

But don’t be misled. “The thrust of curiosity that leads man to try to go where no one has gone before” by itself isn’t reason enough to justify the expenditure of the hundreds of millions that such ventures into space will cost. There also must be a payoff—to the American taxpayers who are footing the bills.

Scientists are satisfied with the idea of searching for new knowledge for its own sake. Actually, there is a great deal of evidence in history to prove the thesis that the scientific progress made in this fashion has provided great benefits to mankind that were undreamed of by the scientists themselves.

As realists, we have to be interested at least equally in the early and direct benefits which we may anticipate from our investments in space technology. We have to think about what will result of value to the people who are now alive—people like us here tonight. A little later, I shall discuss some of the prospects we may expect in the years immediately ahead.

One year ago this week, the United States made its first attempt—two months after the first Russian success—to launch a man-made satellite. A day or two later Marguerite Higgins, the well-known news correspondent, asked a question, more pointedly than most of us had phrased it: “If our Vanguard’s failure is considerably less than fatal, and if Russia’s Sputnik was something less than totally decisive, the question remains as to why these events set off such shock waves throughout the world and particularly in America.”

There have been, of course, almost as many responses to that comment as there have been thinking people. In the past 12 months, we in the United States have made a soul-searching re-examination of our course and our destiny. Much good has come from this great appraisal of where we stand in the world of science, and more particularly, where we stand in. space technology. Perhaps equally important, we have done more than just think and talk.

Let me review quickly some of the events of the past year, as President Eisenhower and the Congress—with Senator Lyndon Johnson especially providing signal leadership—moved quickly.

One of the first actions by the President was to appoint James R. Killian, Jr., president of M.I.T., as his special assistant for science and technology, and to direct him to come forward with recommendations for whatever action was necessary. In both the House and Senate, special committees studied the question of what our nation should be doing in space matters.

We quickly stepped up our programs of space experiments. The Army undertook a series of Explorer satellite launchings, and, a little later, the President directed the Air Force and the Army to fire instrument packages into space in the neighborhood of the moon. Note, I have chosen my words carefully . . . we were not seeking to hit the moon. Rather, we wanted to send our instruments as far as the moon, and even beyond . . . obtaining data all the way on those voyages of nearly a quarter million miles. In addition, and here we were admittedly being extraordinarily sanguine in view of the state of the technology, we hoped to put some of our space probes into orbit around the moon. We hoped to get a rudimentary picture of the back side of the moon and to telemeter it back to earth.

The Advanced Research Projects Agency was established within the Department of Defense, to give technical direction to military space activities. In addition to its military assignment, ARPA was given initial responsibility for technical direction of civilian space activities, until such time as the necessary new organization had been completed to undertake that responsibility.

In March, the President sent a special message to the Congress, calling for establishment of the National Aeronautics and Space Administration. Perhaps the most significant single thought in the National Aeronautics and Space Act of 1958 which resulted is the one embodied in the statement, and I quote, “It is the policy of the United States that activities in space should be devoted to peaceful purposes for the benefit of all mankind.” The national decision that is explicit in this statement will, I believe, be long remembered as a tremendously important step forward in man’s struggle to rise to a state of maturity and real civilization. . . .

As Americans, we can be proud that our country is leading, and in fact for nearly a year, has led in the effort to establish a workable system that will give meaning to the principle that space flight is, or at least should be, inherently international. That such cooperation in scientific effort at the international level can be had has been amply demonstrated by the success of the International Geophysical Year activities which have occupied the attention of thousands of scientists all over the world for the past eighteen months. We seek to extend that cooperation, so well begun in the IGY, to the exploration of outer space for the benefit of humanity. . . .

Under our democratic system of government—I should like to interpolate that I am sure that for us, it is the very best form of government—it sometimes seems as if the lag between ideas and accomplishments is unnecessarily long. But if that time is well used to think through all the related problems, then it is not time wasted. . . .

But what of the longer pull? What is the payoff prospect there? Let us face the fact that the space bill will be one that is counted, year after year for a long time to come, in the hundreds of millions of dollars. Unfortunately, as Norman Cousins has pointed out, this activity will take its toll of young lives, as well. I don’t know all the good that will result, and I doubt if any man alive today can give really specific answers.

But in this connection, I am reminded of the story they tell about Michael Faraday, the English physicist, whose pioneering work in electro-magnetics had such a profound effect upon our later understanding of electro-dynamics leading to the development of useful electric power. It was about a hundred years ago that Mr. Faraday is supposed to have been asked, in the British Parliament, about the value of his electro-magnetic experiments. His answer, so the story goes, was, “I can’t tell you what it’ll be good for. But I’ll tell you this: One of these days you’ll be taxing it.”

And, by way of conclusion, I’d like to quote another very wise man . . . a member of the President’s Space Council and my valued friend . . . Jimmie Doolittle:

“I can’t tell you precisely what of great value will come out of our moving into space to probe the secrets of the universe. However, I have the conviction, and in this I find myself in the company of some very wise men, that a century from now, perhaps much sooner, people will say that this venturing into space that we’re planning now was one of the most practical, intelligent investments of our national wealth to be found in history. If we in the United States take the wisely bold action necessary to lead in exploiting the possibilities of space technology for science, all mankind will benefit.”

Source: “Glennan Speech. The Challenge of the Space Age.” December 8, 1958. Glennan Speeches, NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037557%20-%20508%20pass.pdf

T. KEITH GLENNAN, WRIGHT DAY DINNER SPEECH (DECEMBER 17, 1958)

After losing the first round of the space race with the launch of Sputnik, the United States responded. The first step was the creation of NASA, expanding the resources and mission of the country, and focusing on the scientists and engineers instead of the military. But where would all those scientists and engineers come from? In this address, NASA Administrator T. Keith Glennan compares the education system of the Soviet Union to that in the United States. In order to lead the world in space exploration, the United States would need to lead the world in education. One year after the launch of Sputnik, Congress passed the National Defense Education Act to boost the country’s educational system, particularly in areas related to science and technology.



Last summer, I was privileged to be one of a small group of university presidents visiting the Soviet Union to study and attempt to understand the Russian system of higher education. Our investigation took us to Moscow, Leningrad, Tbilsi, and out into Middle Asia to the cities of Tashkent, Samarkand and Alma-Ata. There are many elements in the educational structure of the USSR that would be of interest to you, but I want only to report that my most vivid impression was that of the energy and purpose with which the students and the professors attacked their respective problems. Theirs is an entirely pragmatic operation . . . organized to serve the purposes of the State. It is a most effective system for the Soviet Union. It provides for the production of specialists in adequate numbers to furnish the necessary technical competence to accomplish whatever tasks the State may decide.

The purposes of our own nation would not be well served by such an educational system. We believe firmly that the individual should be encouraged to develop himself to the limit of his intellectual powers not for the purpose of fulfilling some arbitrary plan laid down by a dictatorial Government, but solely to the end that he may live a fuller and more responsible life a life of his own choosing in the kind of society we have established over the centuries. We believe that only in this way will we achieve maximum contribution by the individual to the determination of the nation’s goals.

Having said that, this fact remains: The results achieved by the Russians in the fields of atomic energy, aircraft development, and now in space exploration, through the application of a rugged educational program have caused us to re-examine our own system. It has become all too obvious that we need to raise our own standards of academic performance, not alone in the fields of science and technology, but in every field of learning and endeavor, and to expect and require more from our students. And it is reassuring to know that this process is well under way . . . that the climate of public opinion is enabling—yes, even demanding—the standards of academic quality be raised substantially throughout our educational system. This will be accomplished, I am sure, without recourse to the dictatorial methods of control used by the Soviet Union.

A crowning achievement of the USSR—the launching of the Sputniks more than a year ago—finally shocked our people into a state of real concern about our standing in the race for technological leadership in the world. Various people have characterized our reactions as hysterical, wasteful, disorganized, and ineffective. Much has been said, critically and bitterly, about our inability to place into orbit as heavy an object as did the Russians.

In the 14 months that have passed, much of the hysteria and the bitterness has subsided. But we have not gone back to sleep. As in the field of education, it is a hopeful sign that today, serious and penetrating questions are being raised about the space goals we seek to achieve and about the prompt development of sound but imaginative programs to reach those goals. And both within and without the government, matters continue to be debated relating to organizational arrangements to carry out the nation’s space exploration program. . . .

Certainly, we must not overlook this fact—that Russia has exploited its admittedly important space pioneering so as to achieve maximum prestige gains. But, having conceded this point, I don’t think it follows, we should let ourselves be panicked into spending millions upon millions in almost any sort of frantic attempt to avoid being “beaten” in assumed space races with the Russians.

The Russians know what they’re doing. They know where they want us to go. Let us be equally sure we know what we want to do. And then let us do it. . . .

Until the threats to the security of this nation and the rest of the world are substantially reduced or eliminated entirely, it seems quite clear that our national goals must include the acquisition of new knowledge which will satisfy both defense requirements and our great determination to use this knowledge for the benefit of all mankind—not for his enslavement or his destruction.

. . . The answer, of course, is that we have only started to appreciate the magnitude of the tasks facing us in this new field. Our first reaction to the launching of the Sputniks was a natural one—let’s get some payloads of our own into orbit, Every bit of the energy of our civilian and military scientific teams working in these fields was applied to this job. And everyone who has played a part in this effort can be proud—rightfully proud—of a first year space effort that unquestionably was good.

Without discussing at length our successes, failures and partial failures, it is a matter of record that we have sent four satellites into orbit and two probes farther into space than any man-made object has previously been propelled. And much useful and novel information has been returned to us for publication to the scientific community throughout the world as part of our contribution to the program of the International Geophysical Year.

In the past few months, however, it has become increasingly apparent that we need more clearly to define our national programs, both military and civilian, in the space field. It is quite true, as we have been quick to point out, that we have learned much from our failures—in many cases more of real value to the future of our program than we have learned from our successes or partial successes. But I am reminded of an old saying in the medical profession which goes “The operation was a success but the patient died.” Surgeons can’t operate for very long on that basis; nor can we in the space business. So where do we go from here? . . .

To sum up, I believe, with the utmost conviction, that we have a national . . . yes, an international . . . responsibility to lead in the exploration of space. If all the possible benefits from space are to be made fully available, around the world, to all mankind, then it is absolutely essential that we show the way.

This is an undertaking that demands the very best effort from all of us.

Source: “Glennan Speech. Wright Day Dinner.” December 17, 1958. Glennan Speeches, NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037558%20-%20508%20pass.pdf

T. KEITH GLENNAN, “SPACE RESEARCH AND THE FUTURE” (JANUARY 14, 1959)

In this speech to the annual meeting of the Society of Automotive Engineers, NASA Administrator T. Keith Glennan compares advances in the automotive industry to those of space research. The speech also foreshadows the tools and “gadgets” that have transitioned from NASA research to the rest of the world. Some of those “discoveries that show promise” would include water-purification systems, memory foam, cordless tools, and smoke detectors.



Around the turn of our century, only sixty years ago, quite a few thoughtful men asked themselves, in all sincerity, why the pioneers of the automobile industry wasted their time tinkering with motor cars. The automobile was notoriously unreliable then. Many otherwise rational people felt that it showed no immediate promise of becoming anything more than a rather poor substitute for a horse. Why, it was asked, design a complicated mechanism, burning an expensive fuel, to do what the animal could do with the muscles God had given it, consuming no more each day than a pound or two of oats and some water?

In fact, no reasonable person at that time could have been expected to foresee that, within less than half a century, this halting contrivance would become an absolute necessity for almost every American. That it would give us a kind of mobility that we had never even imagined before. That it would change the social habits) the business practices, the domestic arrangements of the entire nation. That it would create a parking problem for every industrial organization—and, I may add, for almost all college presidents. That motor-driven vehicles would deliver goods to our doors and transport armies, and push landscapes out of our way. In short, that a new kind of civilization would arise from the cranky conveyance of 1900, and that this nation’s greatest single economic activity would become the designing, building, and marketing of the automobile.

I am harking back to the outlook of a sensible man toward your industry, as it was in its infancy, six decades ago, so that I can draw a modest parallel with the work in which I am engaged today. Let’s call it, for convenience, the Space business. And when I say that, I mean to emphasize two things which are frequently forgotten: first, that space research is not at all the same activity as missile design and testing; and second, that what we are doing in the National Aeronautics and Space Administration is not yet the basis of an industry of any kind. . . .

The other point I would underline is that space research cannot be considered as the beginning of a substantial industry any time in the next few years. What we are engaged in, for the immediate future, is strictly a research and development activity. What this means is that we design, test, and operate prototypes, which we may call upon industries like yours to build for us. We do not propose to follow the arsenal approach to the solution of our problems.

Neither do we see this as a mass-production program, now or for a long time to come. I can imagine a remote future when space flight, in some form, might become nearly as commonplace as air travel is today. But it is certainly not just around the corner, as privately-owned cars and busses were in 1900. . . .

On the other hand, I do believe in scientific research for its own sake. I believe in it because it enriches man’s knowledge of himself, and of the universe in which he lives. The search for understanding is a fundamental element in our natures. I am strongly convinced that science must move ahead with all the speed and vigor that our nation can provide, by every means available to us. And space research is now the new frontier of science. It promises knowledge of many different kinds, that can be secured in no other way.

It is true that, in the pursuit of scientific research, there often are discoveries that show promise of quick returns in cash. These are generally specialized devices “gadgets,” to use the term in its broadest sense—ingenious applications of known principles, that fill an immediate need. I don’t mean to belittle these devices. They add measurably to the ease of living, and sometimes also to the inventor’s bank account. But great industries like yours are rarely founded on gadgets, no matter how useful they may be.

The major discoveries of science—the new principles, from which the profitable devices evolve later—seldom reveal their practical possibilities in advance. A new scientific idea is like a freshly opened stretch of wilderness. You hope that rich resources of some kind are there: water power, or fertile soil, or mineral deposits, or a commanding site for a town or a highway. But, for the moment, all you see is landscape, covered by woods and underbrush. The new domain has to be surveyed and cleared, its features systematically explored, before the practical resources become known.

So it was with your business, and so I believe it will be with mine. The utilitarian benefits of space research will be found later, after much of the exploration is done.

Source: “Glennan Speech. Space Research and the Future.” January 14, 1959. Glennan Speeches, NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037560%20-%20508%20pass_0.pdf

SELECTION OF MERCURY ASTRONAUTS (JANUARY 27, 1959)

On January 27, 1959, NASA Administrator T. Keith Glennan announced the beginning of Project Mercury, the first manned space program for the United States. In this speech, he outlines the qualifications needed for a Mercury Astronaut, and what their training might include. Three months later, on April 9, NASA would announce the “Mercury Seven”—the seven astronauts who were selected. The seven were Scott Carpenter, Gordon Cooper, John Glenn, Gus Grissom, Willy Schirra, Alan Shepard, and Deke Slayton. This group included three Air Force pilots, three Navy pilots, and one Marine Corps pilot.



The process has begun to select the U. S. citizen who will become our 20th Century Mercury orbiting the Earth in space.

He will be a university graduate, with a degree in the physical sciences or in engineering. In addition, he will have graduated from one of the military test pilot training schools, and will have a minimum of 1500 hours of flight time in his log book. He will be younger than 40, and not taller than 5′11″. In superb condition, he will possess the physical and psychological attributes suited for space flight, as determined by top aero-medical scientists who are participating in the National Aeronautics and Space Administration’s Project Mercury.

Selection of the pilot-astronaut has already begun. He will be one of a dozen volunteers chosen with greatest care. The group will be totally involved in a program of rigorous training for the first orbital space flight, the climax of the Project Mercury program.

Although the first orbital flight by our modern Mercury will surely be a pioneering venture, we are determined that the risks to the pilot will be no greater than those experienced during the first flights of a new, high performance airplane. As in such airplane flights, the Astronaut will play a vital role in the Mercury project. Repeated flights of the space capsule, first carrying only instruments, and later animals, will have tested and proven the practicability of the final phase of Project Mercury—manned satellite flight—before it is undertaken.

The first step in the selection process—already completed—was screening of the records of Air Force, Navy, and Marine officers who have been graduated from their service test-pilot schools. On the basis of criteria established with assistance of the NASA’s Aeromedical Committee, headed by Dr. W. Randolph Lovelace, 110 potential candidates have been chosen.

Beginning early in February, the pilot-astronaut candidates will come to Washington in groups of about 30 to be given a full description of NASA’s Project Mercury. NASA, Army, Navy, and Air Force bio-medical experts will participate in these meetings.

Only after these briefings will the candidates be asked if they will volunteer. From those who answer affirmatively, 36 will be chosen for the next step in the selection process. This smaller group will be given a series of intensive physical and psychological tests, which include studies of the candidates’ ability to cope with the stresses of space flight and with the environmental and other bio-medical aspects of flight performed under confined conditions over a long period.

By late March, it is expected selection of 12 volunteers for the Project Mercury team will have been made. This team will then begin the training program that will include both simulated and actual flight conditions that progressively come closer to those of orbital space flight.

The volunteers will be assigned to the NASA Space Task Group, located at Langley Research Center and under the project direction of Robert R. Gilruth. The Mercury Astronauts will be given additional training at the Johnsville Naval Air Development Center, Pennsylvania; the Atlantic Missile Range, Florida; the Air Force Wright Air Development Center, Ohio, and other biomedical centers in the U. S.

At Johnsville, the Astronauts will undergo training in a centrifuge that very nearly simulates conditions in a capsule during takeoff and re-entry. The early testing period will involve balloon flights in Mercury capsules to familiarize the Astronauts with some of the environmental conditions with which they will have to cope.

While the volunteer team is undergoing this training, technical teams will be testing Project Mercury capsule mockups in gradually increasing degrees of range and complexity. Short range, solid fuel boosters will be used initially to launch these mockups in sub-orbital trajectories, followed by longer range flights, using more powerful boosters. At a later period in the program, animals will be launched in the capsule in order to determine more completely the environment man will experience in space flight.

All 12 volunteers of the Mercury team will be given the same preflight and flight training. Only immediately before the first manned orbital flight will the first Mercury Astronaut be selected.

On January 12, we announced the selection of McDonnell Aircraft Corporation as the source for the design, development, and construction of the Project Mercury capsule capable of carrying a man into orbital flight around the Earth. The space capsule, serving as the payload of a powerful booster, will be designed to carry a human passenger through the atmosphere, into orbital flights, and safely back to earth again. The satellite system will provide a means of studying the psychological and physiological effects of space flight on man. The research will include man’s reaction to weightlessness during orbital flight, high acceleration during launch, and high deceleration during re-entry into the atmosphere.

Dr. Abe Silverstein, NASA Director of Space Flight Development, is responsible for the over-all technical direction of Project Mercury. The Space Task Group, under Mr. Gilruth, while physically located at the NASA Langley Research Center, reports to Dr. Silverstein in NASA Headquarters, Washington, D. C.

Project Mercury, a program being conducted with the advice and assistance of the Advanced Research Projects Agency of the Department of Defense, is expected to continue for several years.

Source: “Glennan Speech. Statement on Selection of Astronauts for Mercury Program.” January 27, 1959. Glennan Speeches, NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038327%20-%20508%20pass.pdf

T. KEITH GLENNAN, ADDRESS TO THE WORLD AFFAIRS COUNCIL (MAY 7, 1959)

In this speech to the World Affairs Council of Philadelphia, NASA Administrator T. Keith Glennan shares his thoughts on how part of the mission of NASA is international cooperation. He discusses how NASA’s research can benefit the rest of the world, and how working with the rest of the world can help NASA. He also bemoans the Soviet Union’s lack of international cooperation, and describes how this may hurt them in the future.



If I may, then, I want to tell you something about the National Aeronautics and Space Administration and describe to you the activities which bring us into contact with other nations. Actually, the very nature of our business—the exploration of outer space involving the orbiting of unmanned and manned satellites around this and other planets is such as to assure that our activities will be of interest and concern to all the other nations on the earth. The real question is—can we utilize this new opportunity for research in space as a means for honest cooperation between nations or must the suspicion and name calling and propaganda extend into this field, too?

As is the case in most other fields, our most powerful international competitor in space is the Soviet Union. The very existence of the National Aeronautics and Space Administration is, to an extent, a result of the success that Russia has achieved in the opening heat of this competition. You are all aware of the startling impact, on people in this country and abroad, of Sputnik I—the first successful Soviet satellite in early October 1957. Until that striking demonstration of Russian competence in rocketry, few Americans had recognized the full extent of Soviet progress in the techniques required to place satellites in orbit. I think it is fair to say that most of us were torn between the desire to applaud a great scientific and technological accomplishment and a troubled concern over having been bested, even temporarily, in a field where we had assumed, complacently, that we held at least a comfortable lead. . . .

I would like to quote briefly from the National Aeronautics and Space Act of 1958, establishing the agency. The Act opens with a declaration of the basic policy of the United States as it states—“that activities in space should be devoted to peaceful purposes for the benefit of all mankind.” It goes on to assert, as the first objective of our country in extraterrestrial operations, that these activities are to be conducted in such a way as to “contribute materially to the expansion of human knowledge of phenomena in the atmosphere and space.”

I ask you to consider those two statements—that space activities “should be devoted to peaceful purposes for . . . all mankind” and that they should “contribute . . . to . . . the expansion of human knowledge.” That policy is in the enduring tradition of American political philosophy, from the Declaration of Independence to our own time. In matters of great consequence, we have usually attempted to look beyond the immediate prospect of gain or self-service—to acknowledge the effect of our actions on humanity as a whole.

In accomplishing these objectives, we are directed by the Act to co-operate with other nations and groups of nations—to promote, in every way possible, the peaceful applications of our work in space.

The specific language reads thusly—“The Administration, under the foreign policy guidance of the President, may engage in a program of international cooperation in work done pursuant to the Act, in the peaceful application of the results thereof, pursuant to agreements made by the President with the advice and consent of the Senate.”

A very substantial beginning has been made by this nation on a program of international co-operation in space research. In the diplomatic field, as long ago as January 1957—months before the Russians orbited their first satellite—the United States proposed in the United Nations that a study be made for assuring peaceful use of outer space. We continue to be prepared to participate in such a study.

In furthering our broader objective of cooperating with other nations and groups of nations in promoting peaceful applications of space programs, we have made greater progress. In November, 1958, this country joined with nineteen other countries in sponsoring a resolution calling for creation of a special United Nations committee to study and report on the peaceful uses of outer space.

This resolution was adopted by the General Assembly of the U. N. on the 13th of last December and eighteen countries, including the United States and the Soviet Union, were named as members of this Ad Hoc Committee on the Peaceful Uses of Outer Space. I am sorry to say the Soviet Union was not present yesterday when the Ad Hoc Committee held its first meeting.

I regret their unwillingness to take part in these discussions. I am glad to say, incidentally, that NASA is participating in the meeting of the Ad Hoc Committee, through its Deputy Administrator, Dr. Hugh L. Dryden, who has been designated as an alternate representative of the United States.

One of the vital elements in any space operation is the tracking of the space payload. Through stations located at strategic spots around the globe, we are able to keep in constant radio communication with the flight of a satellite or an interplanetary vehicle, regardless of its path or the diurnal rotation of the Earth. . . .

In this part or our program, we are fortunate in having close relations with many other countries, in all parts of the world. By contrast, the Soviet Union is largely confined to its own land area, and those areas immediately adjacent to it. A space vehicle passing out of direct contact with the Eurasian land mass is lost to the Russians, until the Earth’s motion—or its own—brings it back into electronic view. . . .

Agreements were recently completed by NASA calling for the operation, by nationals of these countries, of tracking stations in Chile and Peru. Negotiations are now in progress with other nations covering the operation of similar stations, originally a part of the IGY program and several new stations. Together, these stations will give the United States—and the countries associated with us in space research—a worldwide tracking and data acquisition network, capable of keeping space vehicles under continual surveillance in any orbit or trajectory. In this way, too, countries unable to devote great amounts of capital funds to the undertaking of space research can make a significant contribution to the total effort and can begin to develop their capabilities in this field.

. . . I have a particular reason for my belief that a program of international cooperation in space is important. Science knows no national boundaries. As a matter of fact, science is truly an international language and provides a meeting ground for people where the solutions to problems are dependent on facts rather than on emotions. In the arena of international politics, men may connive and cajole, may practice deception and deceit and may fail to deal objectively with the problems that face them. In the scientific arena, there is an area of definite truth toward which men of all countries work.

Source: “Glennan Speech. Address to the World Affairs Council of Philadelphia, PA.” May 7, 1959. Glennan Speeches, NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000039049%20-%20508%20pass.pdf
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1. In his 1949 novel, von Braun gave the exact date of departure from Earth as March 12, 1985, describing a mission that would take 260 days to reach Mars and would explore the planet for 449 days while Earth and Mars came into alignment for the 260-day return trip to Earth. This mission profile has since come to be known as a conjunction-class mission. In fact, there was no launch opportunity to Mars in 1985. Launch opportunities to Mars occur at intervals of approximately 779 days; there was such a launch window in February 1984, and the next opportunity was in April 1986. This points out the need for every engineer’s calculations to be checked by his coworkers . . . and double-checked because space technology is enormously complex and errors can prove fatal.


Chapter 3: The Space Race (1960s)

As director of NASA’s newly named Marshall Space Flight Center (formerly the Army Ballistic Missile Agency) in Huntsville, Wernher von Braun could at last declare with credibility, “I aim at the stars!” Having succeeded in launching America’s first satellite on the heels of the Vanguard debacle, he was so popular that in 1960, Columbia Pictures released a biographical film of that title that featured the notable actors Curd Jurgens, Herbert Lom, and James Daly. Even so, von Braun could not escape his wartime past. The satirist Mort Sahl suggested that the title be changed to I Aim at the Stars, but Sometimes I Hit London. Nevertheless, he was now an American hero, and the nation looked to him to perform even greater technological miracles to show up the Soviets.

Projecting an image of youthful vigor during the 1960 presidential campaign, John Kennedy promised to “get the country moving again,” and the lagging U.S. space program was high on his agenda; however, the newly-inaugurated president soon suffered back-to-back humiliations. On April 12, 1961, aboard Vostok, the Soviet pilot Yurij Gagarin became the first human to orbit Earth, and it was not certain that NASA would be able to equal the achievement before the end of that year. Only five days later, 1,400 Cuban exiles, backed by the Central Intelligence Agency, launched a bungled invasion of their homeland at the Bay of Pigs. Once again, von Braun came through to boost American pride when on May 5 a Redstone rocket launched Alan Shepard on a quick suborbital leap into space in a Mercury spacecraft. Although a lesser achievement than Gagarin’s orbital flight, it gave Kennedy enough of a victory to go before a joint session of Congress 20 days later to proclaim, “I believe that this nation should commit itself to achieving the goal, before this decade is out, of landing a man on the Moon and returning him safely to Earth.” For a nation that had only 15 minutes of manned spaceflight under its belt, it was an audacious declaration, but the Latin maxim reflected the spirit of the time, Fortuna audaces iuvat, “Fortune favors the audacious.” And yet, it was a goal that the White House, the congressional leadership, and NASA had carefully considered as a goal so far enough in the future that the United States stood a fair chance of surpassing the Soviet Union and achieving it first. It would certainly outshine all of the Soviet space firsts preceding it, as Kennedy also promised in his speech to Congress, “No single space project in this period will be more impressive to mankind, or more important in the long-range exploration of space . . . ” Furthermore, such a project would probably cost more money than the impoverished Soviet Union could afford to spend: “And none will be so difficult or expensive to accomplish.” Additionally, there was the date certain—“before this decade is out”—holding out the prospect that the first American might land on the Moon late in Kennedy’s second term, or if not, perhaps after Vice President Lyndon Johnson succeeded him as president.

The American space program continued to trail behind Soviet achievements for the next few years. Two months after Kennedy’s speech, Gus Grissom’s spacecraft sank into the Atlantic Ocean following his repeat of Shepard’s suborbital hop; a helicopter rescued him moments before his heavy spacesuit pulled him under. A month later, Gyerman Titov orbited for an entire day aboard Vostok 2, a feat which Project Mercury contemplated only at the end of the program. However, American rocketry pulled ahead of the Soviets in terms of liftoff thrust when von Braun’s first Saturn I took flight on December 21, 1961. It was an inelegant design that strapped eight Redstone SRBMs around a Jupiter MRBM to make a single large first stage, leading some to call it “Cluster’s Last Stand.” Its eight H-1 engines produced a total thrust of 6,660 kilonewtons (1,500,000 pounds-force). The fifth flight of the Saturn I on January 29, 1964, carried a live second stage for the first time, one that was propelled by the high-energy liquid oxygen/liquid hydrogen combination, a technology Soviet Union would not test in flight until 22 years later.

John Glenn finally got into orbit on February 20, 1962, but only for five hours. Meanwhile, the Vostok program continued to chalk up space firsts: a four-day, then a five-day flight, both of which were beyond the capability of the Mercury spacecraft; two Vostoks in orbit simultaneously, and a woman in orbit.

Before NASA could begin its two-man Gemini flights and experiment with pilots working outside the spacecraft, the Soviets orbited three men in a modified Vostok (called Voskhod to disguise that it was simply an extension of the Vostok program) and also scored the first “spacewalk.”1 However, once piloted Gemini flights got underway in 1965, the Soviet lead in manned spaceflight evaporated. In 20 months, during which not a single cosmonaut flew, the United States flew ten Gemini missions. At the end of the series, dockings between spacecraft and extravehicular activities were routine, and the ability of humans to live in space for 14 days—more than long enough for a trip to the Moon and back—was proved. As the middle program in NASA’s three steps to the Moon, historians often overlook the Gemini program, but no space project has ever achieved so much in so short a time. It was the Gemini program that vaulted the United States ahead of the Soviet Union in manned spaceflight.

Then the Apollo program stumbled. Badly.

Early in the evening of January 27, 1967, toward the end of a frustrating, glitchy launch pad test in the Apollo 1 Command/Service Module (CSM) atop its Saturn IB launch vehicle (designed by von Braun’s team), among mission commander Gus Grissom’s last words were, “How the hell are we going to get to the Moon if we can’t talk between two or three buildings?” Shortly thereafter a spark in frayed wiring quickly became a fully-involved flash fire in the pure oxygen atmosphere of the cockpit, and the three-man crew succumbed to asphyxiation within seconds. The Soviet program also suffered a fatal accident on April 24, 1967, when Soyuz’s parachute lines tangled during its descent from orbit, killing pilot Vladimir Komarov on impact.

American astronauts were grounded for 20 months while NASA investigated the cause of the Apollo 1 accident and ordered a redesign of the CSM, but it was during these darkest days of the U.S. manned space program than von Braun pulled off his biggest miracle. On November 9, 1967, the first Saturn V rocket lifted off the launch pad. As of this writing, the Saturn V remains the tallest (110.6 meters, 363.0 feet) and heaviest (2,970,000 kilograms, 6,540,000 pounds) rocket ever brought to operational status, and it holds the record for the heaviest payload launched into low Earth orbit (140,000 kilograms, 310,000 pounds). Each of its five F-1 engines developed 6,770 kilonewtons (1,522,000 pounds-force), more than all eight H-1 engines in the first stage of the Saturn IB combined.

The Saturn V’s second flight on April 4, 1968, was marginally successful, but Apollo 6’s technical problems were quickly understood and corrected, and thus NASA was prepared to entrust an Apollo crew to the behemoth on only its third launch. In August, the first crewed CSM flight, duplicating what was to have been Apollo 1’s mission, was scheduled to finally fly as Apollo 7 on the smaller Saturn IB launch vehicle in October. The question was, what to do with Apollo 8? The Apollo Lunar Module (LM), the spacecraft designed to carry astronauts to the surface of the Moon, had performed well in an automated test in Earth orbit as Apollo 5 on January 22, 1968, but the second flight article would not be ready for a crew to test in Earth orbit until early 1969, and without it, Apollo 8 would be simply an expensive repeat of Apollo 7. George Low, manager of the Apollo Spacecraft Program Office, proposed a reshuffling of the Apollo missions that would keep the program on schedule: the LM’s manned test flight would be deferred to Apollo 9 in March 1969, and the third Saturn V would propel a CSM to the Moon in December 1968 as Apollo 8, at the minimum to loop around the Moon in a flyby, but possibly to enter lunar orbit. Such an early lunar mission would allow the flight of the CSM and the LM in a highly elliptical Earth orbit, originally planned as Apollo 9, to be eliminated.2 If all went well, Apollo 10 would then carry both the CSM and the LM to lunar orbit in May 1969 as already planned, and the sixth Saturn V would launch Apollo 11 on the first lunar landing mission. NASA engineers gave Low’s proposal acceptable odds of success. Perhaps influencing NASA Administrator James Webb’s final decision was Zond 5’s return to Earth on September 21, 1968 following its flyby of the Moon. The Soviet flight was thought to involve a variant of Soyuz spacecraft, which had yet to perform a successful piloted mission; meanwhile, the Soviet counterpart to the Saturn V had yet to fly its first mission, without which cosmonauts could not be sent on a lunar landing mission. Nevertheless, early in the autumn of 1968, the race to send a crew around the Moon appeared neck and neck. The 11-day flight of Apollo 7 in October 1968 was an unqualified success. Later that same month, Gyorgij Beregovoy in Soyuz 3 rendezvoused but failed to dock with the unpiloted Soyuz 2; however, docking was not necessary to a lunar flyby mission, only to a lunar landing mission. On 17 November, Zond 6 returned to Earth from its lunar flyby; moreover, it successfully performed the skip-lob reentry that had been intended for Zond 5 but not executed.3 What was not known outside the Soviet Union was that a faulty rubber gasket caused the spacecraft to depressurize, killing all of the animal specimens aboard, and the spacecraft’s parachutes deployed prematurely, causing it to crash. Thus, when the next opportunity for a Zond flight around the Moon opened on December 9 and no launch occurred, it was a mystery, but NASA breathed a sigh of relief. Apollo 8’s launch window opened on December 21, and three Americans orbited the Moon on Christmas Eve, reading the first verses of Genesis to the world. The following year, as singer/songwriter Reg Lindsay put it, “On a July afternoon, [we] watched a man named Armstrong walk upon the Moon.”

The Soviet Union’s Proton launch vehicle continued to prove too unreliable to risk crews; the next launch attempt in the Zond series failed on January 20, 1969. A month later on February 21, the first launch of the Soviet N1 Moon rocket also failed. It would fail three more times before the Soviets finally abandoned their manned Moon program in 1972. A cosmonaut is rumored to have reflected bitterly regarding the N1, “It did not burn kerosene; it burned money.”


REPORT OF THE AD HOC PANEL ON MAN-IN-SPACE (DECEMBER 16, 1960)

President Eisenhower was unaware of NASA’s plans to land on the Moon until May 1960 when NASA submitted its budget request for FY1962. In response, he asked his scientific advisor to report on the feasibility of this plan. The report concluded that landing a man on the Moon would take 15 years and over $45 billion. Eisenhower was not pleased with the results; he thought it would be a waste of money.



1. Introduction

We have been plunged into a race for the conquest of outer space. As a reason for this undertaking some look to the new and exciting scientific discoveries which are certain to be made. Others feel the challenge to transport man beyond frontiers he scarcely dared dream about until now. But at present the most impelling reason for our effort has been the international political situation which demands that we demonstrate our technological capabilities if we are to maintain our position of leadership. For all of these reasons we have embarked on a complex and costly adventure. It is the purpose of this report to clarify the goals, the missions and the costs of this effort in the foreseeable future, particularly with regard to the man-in-space program.

This report has been made possible by the complete cooperation of the National Aeronautics and Space Administration. Officials of the NASA presented a very impressive description of their detailed plans for development, utilization and costs of the Saturn vehicle. They also provided technical information on possible follow on vehicles, advanced propulsion techniques, and possible development and funding schedules, As far as we can tell, the NASA program is well thought through, and we believe that the mission, schedules and costs are as realistic as possible at this time. We had to project their plans beyond 1970, and such projections must be seen as only crude estimates.



2. The Man-in-Space Program

The initial American attempt to launch a manned capsule into orbital flight, Project Mercury, is already well advanced. It is a somewhat marginal effort, limited by the thrust of the Atlas booster. It has as its goal the launching of a one man capsule into orbit around the earth and its successful return to earth. The fact that the thrust of any available American booster is barely sufficient for the purpose means that it is difficult to achieve a high probability of a successful flight while also providing adequate safety for the Astronaut. Achieving reliability on both accounts will strain our capabilities. A difficult decision will soon be necessary as to when or whether a manned flight should be launched. The chief justification for pushing Project Mercury on the present time scale lies in the political desire either to be the first nation to send a man into orbit, or at least to be a close second.

The marginal capability cannot be changed substantially until the Saturn booster becomes available. The NASA program for utilizing Saturn involves the development of the so-called Apollo spacecraft. The Saturn rocket which is being developed now (C 1) should be capable of launching a spacecraft of about 19,000 lbs into a low earth orbit. The proposed Apollo spacecraft weight of 15,000 lbs is well within this limit and would enable orbital qualification flights of the Apollo spacecraft (some manned) about 1966-1968. Such a manned flight would occur after about 25 Saturn C1’s have been tested and much depends on whether a demonstrated reliability can be attained in this rather small number of tests. The Apollo spacecraft, as presently envisioned, would carry three men who would exercise control from within the spacecraft and be able to return to earth within a fairly well defined area. The chief purpose of the early Apollo missions would be to gain experience in manned flight, to learn more of the problems encountered by crews under such new conditions and to aid in the development of a spacecraft for more ambitious missions.

The full capabilities of the Saturn booster cannot be utilized until a large hydrogen-oxygen second stage has been developed. The C2 Saturn, utilizing the new high-performance stage, is expected to enter the test phase about 1965 and may be available for manned flight (No. 17) in 1968 or 1969. There is again a question as to whether 16 flights will be enough to demonstrate sufficient reliability for its use in manned missions.

The Saturn C2 is expected to lift about 40,000 lbs into low earth orbit and it is planned to utilize this capability to send up an “orbiting laboratory” capable of staying aloft for two weeks or more. It is our opinion that an orbiting laboratory of this size could produce considerably more scientific information if it were wholly instrumented rather than manned. Alternatively, we believe that the valid scientific missions to be performed by a manned laboratory of this size could be accomplished using a much smaller unmanned instrumented spacecraft which would in turn require a smaller booster system. The large manned orbiting laboratory might be of value as a life sciences laboratory to acquire physiological and psychological data on humans, to study life support mechanisms, to perform biological studies, and to carry out engineering tests under gravity free conditions. In short, its major mission appears to be the preparation for further steps in the manned exploration of space.

To take such steps, the Apollo spacecraft may be launched into successively more elliptical orbits which carry it further and further from the earth, culminating about 1970 in a manned flight around the moon and back to the earth. The Apollo program in itself does not reach what might be considered to be the next major goal in manned space flight, i.e. manned landing on the moon. It does, however, appear to represent a logical approach to that goal in that it will develop spacecraft and crews for space flight and will enable us to gain experience in navigation and successful return from increasingly difficult trips. In the meantime it should be possible to obtain far more detailed information about the moon by unmanned spacecraft and lunar landing craft than the crew of the circumlunar flight could gain.

None of the boosters now planned for development are capable of landing on the moon with sufficient auxiliary equipment to return the crew safely to earth. To achieve this goal, a new program much larger than Saturn will be needed. It is likely to take one of three forms:



1. An all-chemical liquid-fueled rocket, the Nova, might be developed to take the trip directly. It would require a booster with about 6 times the thrust of the Saturn and utilizing either kerosene or hydrogen-oxygen. The upper stage of the Nova would require hydrogen-oxygen and at least one stage would probably be an existing stage from the Saturn development program.

2. If a suitable nuclear upper stage could be developed, the Nova vehicle could conceivably become a combination chemical-nuclear system. This system would still require the development of a first stage chemical booster with thrust of the same order of magnitude as that described for the all chemical system. If the nuclear development should be as successful as its proponents hope, it might open the way for future developments beyond the possibilities envisioned for chemical rockets. However, a sound decision on the promise of nuclear rockets cannot be made until about 1963.

3. Rendezvous techniques, utilizing either Saturn C2 vehicles or some type of advanced Saturn vehicles, could be employed to lift into an earth orbit the hardware and fuel necessary to perform the manned lunar landing mission. In this system, a series of vehicles would be launched into a temporary earth orbit where they would rendezvous to enable fueling of the spacecraft and, if necessary, assembly of the component parts of the spacecraft. This spacecraft would then be used to transport the manned payload to the moon and thence back to Earth. These techniques will require considerable development, and are at present only in a preliminary study phase.



It is clear that any of the routes to land a man on the moon require a development much more ambitious than the present Saturn program. Not only must much bigger boosters probably be developed, but rockets and guidance mechanisms for the safe landing and then for return from moon to earth by means of additional rockets must be developed and tested. Nevertheless, it must be pointed out that this new, major step is implicit in undertaking the proposed manned Saturn program, for the first really big achievement of the man-in-space program would be the lunar landing.

The succeeding step, manned flight to the vicinity of Venus or Mars represents a problem and order of magnitude greater than that involved in the manned lunar landing. Not only does it appear to be insoluble in terms of chemical rockets, thus requiring the development of suitable nuclear rockets or nuclear-powered electric propulsion devices, but it also poses serious problems in terms of life support and radiation shielding for journeys requiring times ranging from many months to years.



3. Unmanned Programs Related to Man-in-Space

A great part of the unmanned program for the scientific exploration of space is a necessary prerequisite to manned flight. The programs which are now planned fall in the following general categories:



1. The general scientific exploration of space. This will take place in a continuing series of flights. This program has been moving along well and has been marked by solid scientific achievement; it could probably be carried on to a high state of advancement using launch vehicles no larger than Centaur (an Atlas with hydrogen-oxygen upper stage).

2. A rough landing on the moon, with television recording of the impact and with a surviving seismometer to make measurements on the lunar surface, may be made in 1962 or 1963 using an AtlasAgenaB vehicle.

3. The Centaur rocket, which should make its first flight in 1961, will make it possible to fly instruments past Venus and Mars, making closeup scientific observations for a short time, in 1962 or 1964. It may even be possible to land a 10 lbs instrument capsule through their atmospheres.

4. The Centaur should also make it possible to soft land 190 lbs of scientific gear on the surface of the moon (1964-1966) and to make surface observations from a very close orbit about the moon, including photography comparable to satellite photography of the earth (Samos).

5. The Saturn C 2 will be the first vehicle which can carry an adequately instrumented spacecraft, weighing perhaps 325 lbs, into an orbit about Venus or Mars, and to land a 225 lbs capsule through their atmosphere, giving us direct atmospheric and surface measurements for the first time in about 1967 or 1968. It may then be possible to obtain definite evidence regarding life on Mars. Although such studies can be started with the Saturn C 1 in 1965 or 1966, they really require the C2 to give reasonable instrument weights.

6. A roving automatic vehicle equipped with television and other sensing instruments to make observations on the surface of the moon can first be landed with the C2 in about 1967, and is included in present NASA plans.

7. It should also be possible to soft land objects on the moon which is large enough to send a capsule back to earth with a few pound sample of the surface of the moon. This also requires the C2 and could be tried begin¾g in about 1968.

8. No booster smaller than the C2 can carry scientific instruments to the vicinity of Mercury or Jupiter. This, too, should be possible around 1968 to 1970.

9. For unmanned scientific investigations with roving vehicles on the planets, or for more ambitious instrumented missions out of the plane of the elliptic, even the Saturn C 2 does not provide sufficient payload-carrying capability.



4. Relation between Manned and Unmanned Space Exploration

Certainly among the major reasons for attending the manned exploration of space are emotional compulsions and national aspirations. These are not subjects which can be discussed on technical grounds. However, it can be asked whether the presence of a man adds to the variety or quality of the observations which can be made from unmanned vehicles, in short whether there is a scientific justification to include man in space vehicles.

It is said that an astronaut’s judgment, decision-making capability and resourcefulness can increase the probability of successful accomplishment of a space mission and expand the variety and quality of observations performed. On the other hand, man’s senses can be satisfactorily duplicated at remote locations by the use of available instrumentation and advances in the state of the art are continually increasing the ability to transmit information back to a central receiving point. With such an instrumented system, the decisions requiring man’s mental capabilities can be performed by many men in a normal environment and with the aid of elaborate computational aids, where necessary.

The following considerations seem pertinent:



1. Information from unmanned flights is a necessary prerequisite to manned flight.

2. The degree of reliability that can be accepted in the entire mechanism is very much less for unmanned than for manned vehicles. As the systems become more complex this may make a decisive difference in what one dares to undertake at any given time.

3. From a purely scientific point of view it should be noted that unmanned flights to a given objective can be undertaken much earlier. Hence repeated observations, changes of objectives and the learning by experience are more feasible.



It seems, therefore, to us at the present time that man-in-space cannot be justified on purely scientific grounds, although more thought may show that there are situations for which this is not true. On the other hand, it may be argued that much of the motivation and drive for the scientific exploration of space is derived from the dream of man’s getting into space himself.



5. Cost of the NASA Man-in-Space Program

The NASA man-in-space program, exclusive of the Mercury Project, revolves around the use of the Saturn and Nova vehicles. Development of the Saturn is far enough along that its characteristics are fairly well known, and the costs of its development and use can be predicted with reasonable accuracy. The Nova, required for direct manned operations on the moon, is based on the use of the 1.5 million lbs thrust engine, six of which would probably power the first stage. The character of the vehicle as a whole cannot be clearly determined until the characteristics of this engine are understood. However, the present tentative designs of the Nova configuration are probably adequate to support the very rough cost analysis presented here.

This analysis is based on the rule-of-thumb principle, generally supported by past experience, that the cost of a program of this nature, including development, flight test and use, should be approximately proportional to the dry weight of the booster vehicle and payload on which the program is based. The dry weight of the Nova vehicle is about six times that of the Saturn vehicle, and accordingly a factor of six should be applied to the costs of the two programs. It is pointed out, however, by the NASA that there is some reason to believe that a somewhat smaller factor might be appropriate. There is a good deal of basic engineering that will carry over from Saturn to Nova, and certain of the Nova stages may already have been developed for Saturn. Such considerations are doubtless valid, but they could not justify the use of a factor smaller than four. In the analysis that follows two values of the multiplicative factor are used: four, representing the lower bound on what might be achieved, and six, representing a reasonably conservative estimate.

It is further assumed that the time span required for the development and exploitation of the capabilities of the Nova are the same as that for Saturn. It is assumed, however, that the Nova development follows that of Saturn by seven years. Thus, by 1968 Nova is in a state of development corresponding to that of Saturn in 1961. . . .

The cutoff at 1975 is arbitrary and might be misleading. During the five or ten year period preceding this date new developments will be under way to implement new programs for the post 1975 era. It does not seem possible at this time to estimate the incremental costs associated with these programs.

Present indications suggest that alternative methods, described elsewhere in this report, of accomplishing the manned lunar landing mission, could not be expected to alter substantially the overall cost of mission as analyzed here on the basis of Nova.

In the event that additional flight testing is required to achieve adequate reliability in these programs, it seems likely that the program would be stretched out in time. Thus probably the annual expenditures would not change appreciably, although the integrated expenditure would increase accordingly.



6. Conclusions

1. The first major goal of the man-in-space program is to orbit a man about the earth. It will cost about 350 million dollars.

2. The next goal, of an intermediate nature, is the manned circumnavigation of the moon. It will cost about 8 billion dollars.

3. The second major goal, landing on the moon, can only be achieved about 1975 after an additional national expenditure in the vicinity of 26 to 38 billion dollars.

4. The Saturn program is a necessary intermediate step toward manned lunar landing but must be followed by a much bigger development before manned lunar landing is possible.

5. The unmanned program is a necessary prerequisite to a manned program. Even if there were no manned program, the unmanned program might yield as much scientific knowledge and on this basis would be justified in its own right.

6. Even if there were no man-in-space program, Saturn C2 is still a minimum vehicle for closeup instrumented study of Venus and Mars, for unmanned trips to more distant planets, and for putting roving vehicles on the surface of the moon.

7. Manned trips to the vicinity of Venus or Mars are not yet foreseeable.



Source: NASA History Office. Available online at https://www.hq.nasa.gov/office/pao/History/report60.html

PRESIDENT KENNEDY’S NEWS CONFERENCE ON SOVIET ACHIEVEMENT (APRIL 12, 1961)

In this press conference held in the State Department Auditorium on April 12, 1961, President John F. Kennedy was asked several questions about space and the Soviet Union. His answers point to the continuing competition between the two countries and the United States’ struggle to pass the Soviets in the Space Race. Just that day, Soviet cosmonaut Yuri Gagarin had become the first human in space, completing one orbit of the Earth. The first American in space, Alan Shepard, would not take off until May 5, 1961; once again, the United States was close behind but unable to take the lead.



Q. Could you give us your views, sir, about the Soviet achievement of putting a man in orbit and what it would mean to our space program, as such?

THE PRESIDENT. Well, it is a most impressive scientific accomplishment, and also I think that we, all of us as members of the race, have the greatest admiration for the Russian who participated in this extraordinary feat. I have already sent congratulations to Mr. Khrushchev, and I send congratulations to the man who was involved.

I indicated that the task force which we set up on space way back last January, January 12th, indicated that because of the Soviet progress in the field of boosters, where they have been ahead of us, that we expected that they would be first in space, in orbiting a man in space. And, of course, that has taken place. We are carrying out our program and we expect to—hope to make progress in this area this year ourselves. . . .

Q. Mr. President, this question might better be asked at a history class than a news conference, but here it is, anyway. The Communists seem to be putting us on the defensive on a number of fronts—now, again, in space. Wars aside, do you think that there is a danger that their system is going to prove more durable than ours?

THE PRESIDENT. Well, I think that we are in a period of long drawn-out tests to see which system is, I think, the more durable, not better, but more durable. And we have had a number of experiences with this kind of competition—a dictatorship enjoys advantages in this kind of competition over a short period by its ability to mobilize its resources for a specific purpose. We have made some exceptional scientific advances in the last decade, and some of them—they are not as spectacular as the man-in-space, or as the first sputnik, but they are important. I have said that I thought that if we could ever competitively, at a cheap rate, get fresh water from salt water, that it would be in the long-range interests of humanity which would really dwarf any other scientific accomplishments. I am hopeful that we will intensify our efforts in that area.

I think that if we could increase the techniques for improving education in uneducated sections of the world—by using the latest devices of science—that that would be an extraordinary accomplishment. I do not regard the first man in space as a sign of the weakening of the free world, but I do regard the total mobilization of man and things for the service of the Communist bloc over the last years as a source of great danger to us. And I would say we are going to have to live with that danger and hazard through much of the rest of this century.

My feeling is that we are more durable in the long run. These dictatorships enjoy many short-range advantages, as we saw in the thirties. But in the long run I think our system suits the qualities and aspirations of people that desire to be their own masters. I think our system suits better. Our job is to maintain our strength until our great qualities can be brought more effectively to bear. But during the meantime, it is going to require a united effort. . . .

Q. Mr. President, a Member of Congress said today that he was tired of seeing the United States second to Russia in the space field. I suppose he speaks for a lot of others. Now, you have asked Congress for more money to speed up our space program. What is the prospect that we will catch up with Russia and perhaps surpass Russia in this field?

THE PRESIDENT. Well, the Soviet Union gained an important advantage by securing these large boosters which were able to put up greater weights, and that advantage is going to be with them for some time. However tired anybody may be, and no one is more tired than I am, it is a fact that it is going to take some time and I think we have to recognize it.

They secured large boosters which have led to their being first in sputnik and led to their first putting their man in space. We are, I hope, going to be able to carry out our efforts with due regard to the problem of the life of the man involved this year. But we are behind and I am sure that they are making a concentrated effort to stay ahead.

We have provided additional emphasis on Saturn; we have provided additional emphasis on Rover; we are attempting to improve other systems which will give us a stronger position—all of which are very expensive, and all of which involve billions of dollars.

So that in answer to your question, as I said in my State of the Union Message, the news will be worse before it is better, and it will be some time before we catch up. We are, I hope, going to go in other areas where we can be first and which will bring perhaps more long-range benefits to mankind. But here we are behind.

Source: Public Papers of the Presidents of the United States. John F. Kennedy, 1961. Washington, DC: Government Printing Office, 1962, pp. 259–263.

PRESIDENT KENNEDY’S MOON CHALLENGE SPEECH TO CONGRESS (MAY 25, 1961)

In this address to a joint session of Congress, President Kennedy makes space travel a national priority. Just 20 days after Alan Shepard’s first orbit of Earth, Kennedy sets the dramatic goal of landing a man on the Moon, and asks Congress for the money needed to make this happen. He acknowledges the Soviet Union’s head start but believes it is possible to reach the Moon first if the country as a whole chooses to do so.



Finally, if we are to win the battle that is now going on around the world between freedom and tyranny, the dramatic achievements in space which occurred in recent weeks should have made clear to us all, as did the Sputnik in 1957, the impact of this adventure on the minds of men everywhere, who are attempting to make a determination of which road they should take. Since early in my term, our efforts in space have been under review. With the advice of the Vice President, who is Chairman of the National Space Council, we have examined where we are strong and where we are not, where we may succeed and where we may not. Now it is time to take longer strides—time for a great new American enterprise—time for this nation to take a clearly leading role in space achievement, which in many ways may hold the key to our future on earth.

I believe we possess all the resources and talents necessary. But the facts of the matter are that we have never made the national decisions or marshalled the national resources required for such leadership. We have never specified long-range goals on an urgent time schedule, or managed our resources and our time so as to insure their fulfillment.

Recognizing the head start obtained by the Soviets with their large rocket engines, which gives them many months of leadtime, and recognizing the likelihood that they will exploit this lead for some time to come in still more impressive successes, we nevertheless are required to make new efforts on our own. For while we cannot guarantee that we shall one day be first, we can guarantee that any failure to make this effort will make us last. We take an additional risk by making it in full view of the world, but as shown by the feat of astronaut Shepard, this very risk enhances our stature when we are successful. But this is not merely a race. Space is open to us now; and our eagerness to share its meaning is not governed by the efforts of others. We go into space because whatever mankind must undertake, free men must fully share.

I therefore ask the Congress, above and beyond the increases I have earlier requested for space activities, to provide the funds which are needed to meet the following national goals:

First, I believe that this nation should commit itself to achieving the goal, before this decade is out, of landing a man on the moon and returning him safely to the earth. No single space project in this period will be more impressive to mankind, or more important for the long-range exploration of space; and none will be so difficult or expensive to accomplish. We propose to accelerate the development of the appropriate lunar space craft. We propose to develop alternate liquid and solid fuel boosters, much larger than any now being developed, until certain which is superior. We propose additional funds for other engine development and for unmanned explorations—explorations which are particularly important for one purpose which this nation will never overlook: the survival of the man who first makes this daring flight. But in a very real sense, it will not be one man going to the moon—if we make this judgment affirmatively, it will be an entire nation. For all of us must work to put him there.

Secondly, an additional 23 million dollars, together with 7 million dollars already available, will accelerate development of the Rover nuclear rocket. This gives promise of some day providing a means for even more exciting and ambitious exploration of space, perhaps beyond the moon, perhaps to the very end of the solar system itself.

Third, an additional 50 million dollars will make the most of our present leadership, by accelerating the use of space satellites for world-wide communications.

Fourth, an additional 75 million dollars—of which 53 million dollars is for the Weather Bureau—will help give us at the earliest possible time a satellite system for world-wide weather observation.

Let it be clear—and this is a judgment which the Members of the Congress must finally make—let it be clear that I am asking the Congress and the country to accept a firm commitment to a new course of action, a course which will last for many years and carry very heavy costs: 531 million dollars in fiscal ‘62—an estimated seven to nine billion dollars additional over the next five years. If we are to go only half way, or reduce our sights in the face of difficulty, in my judgment it would be better not to go at all.

Now this is a choice which this country must make, and I am confident that under the leadership of the Space Committees of the Congress, and the Appropriating Committees, that you will consider the matter carefully.

It is a most important decision that we make as a nation. But all of you have lived through the last four years and have seen the significance of space and the adventures in space, and no one can predict with certainty what the ultimate meaning will be of mastery of space.

I believe we should go to the moon. But I think every citizen of this country as well as the Members of the Congress should consider the matter carefully in making their judgment, to which we have given attention over many weeks and months, because it is a heavy burden, and there is no sense in agreeing or desiring that the United States take an affirmative position in outer space, unless we are prepared to do the work and bear the burdens to make it successful. If we are not, we should decide today and this year.

This decision demands a major national commitment of scientific and technical manpower, materiel and facilities, and the possibility of their diversion from other important activities where they are already thinly spread. It means a degree of dedication, organization and discipline which have not always characterized our research and development efforts. It means we cannot afford undue work stoppages, inflated costs of material or talent, wasteful interagency rivalries, or a high turnover of key personnel.

New objectives and new money cannot solve these problems. They could in fact, aggravate them further—unless every scientist, every engineer, every serviceman, every technician, contractor, and civil servant gives his personal pledge that this nation will move forward, with the full speed of freedom, in the exciting adventure of space.

Source: Public Papers of the Presidents of the United States. John F. Kennedy, 1961. Washington, DC: Government Printing Office, 1962, pp. 403–405.

PRESIDENT KENNEDY’S LETTER TO CHAIRMAN KHRUSHCHEV (MARCH 18, 1962)

By the beginning of 1962, the United States and the Soviet Union were each pushing ahead with their respective space programs. The Soviets had launched the first satellite and sent the first human into (and back from) orbit. The United States, on the other hand, had made great strides in satellites (including the first weather satellite, the first photo of Earth from space, and the first satellite [Discoverer 13] recovered from orbit) and also sent a man into orbit. In this letter, President Kennedy proposes a partnership to Chairman Khrushchev, suggesting that they begin working together. Khrushchev responded positively, and talks began. However, progress was slow and eventually fell apart. The United States and the Soviet Union continued their separate paths.



March 18, 1962

[Released March 18, 1962. Dated March 7, 1962]

Dear Mr. Chairman:

On February twenty-second last I wrote you that I was instructing appropriate officers of this Government to prepare concrete proposals for immediate projects of common action in the exploration of space. I now present such proposals to you.

The exploration of space is a broad and varied activity and the possibilities for cooperation are many. In suggesting the possible first steps which are set out below, I do not intend to limit our mutual consideration of desirable cooperative activities. On the contrary, I will welcome your concrete suggestions along these or other lines.

1. Perhaps we could render no greater service to mankind through our space programs than by the joint establishment of an early operational weather satellite system. Such a system would be designed to provide global weather data for prompt use by any nation. To initiate this service, I propose that the United States and the Soviet Union each launch a satellite to photograph cloud cover and provide other agreed meteorological services for all nations. The two satellites would be placed in near-polar orbits in planes approximately perpendicular to each other, thus ‘providing regular coverage of all areas. This immensely valuable data would then be disseminated through normal international meteorological channels and would make a significant contribution to the research and service programs now under study by the World Meteorological Organization in response to Resolution 1721 (XVI) adopted by the United Nations General Assembly on December 20, 1961.

2. It would be of great interest to those responsible for the conduct of our respective space programs if they could obtain operational tracking services from each other’s territories. Accordingly, I propose that each of our countries establish and operate a radio tracking station to provide tracking services to the other, utilizing equipment which we would each provide to the other. Thus, the United States would provide the technical equipment for a tracking station to be established in the Soviet Union and to be operated by Soviet technicians. The United States would in turn establish and operate a radio tracking station utilizing Soviet equipment. Each country would train the other’s technicians in the operation of its equipment, would utilize the station located on its territory to provide tracking services to the other, and would afford such access as may be necessary to accommodate modifications and maintenance of equipment from time to time.

3. In the field of the earth sciences, the precise character of the earth’s magnetic field is central to many scientific problems. I propose therefore that we cooperate in mapping the earth’s magnetic field in space by utilizing two satellites, one in a near-earth orbit and the second in a more distant orbit. The United States would launch one of these satellites while the Soviet Union would launch the other. The data would be exchanged throughout the world scientific community, and opportunities for correlation of supporting data obtained on the ground would be arranged.

4. In the field of experimental communications by satellite, the United States has already undertaken arrangements to test and demonstrate the feasibility of intercontinental transmissions. A number of countries are constructing equipment suitable for participation in such testing. I would welcome the Soviet Union’s joining in this cooperative effort which will be a step toward meeting the objective, contained in United Nations General Assembly Resolution (XVI), that communications by means of satellites should be available to the nations of the world as soon as practicable on a global and non-discriminatory basis. I note also that Secretary Rusk has broached the subject of cooperation in this field with Minister Gromyko and that Mr. Gromyko has expressed some interest. Our technical representatives might now discuss specific possibilities in this field.

5. Given our common interest in manned space flights and in insuring man’s ability to survive in space and return safely, I propose that we pool our efforts and exchange our knowledge in the field of space medicine, where future research can be pursued in cooperation with scientists from various countries.

Beyond these specific projects we are prepared now to discuss broader cooperation in the still more challenging projects which must be undertaken in the exploration of outer space. The tasks are so challenging, the costs so great, and the risks to the brave men who engage in space exploration so grave, that we must in all good conscience try every possibility of sharing these tasks and costs and of minimizing these risks. Leaders of the United States space program have developed detailed plans for an orderly sequence of manned and unmanned flights for exploration of space and the planets. Out of discussion of these plans, and of your own, for undertaking the tasks of this decade would undoubtedly emerge possibilities for substantive scientific and technical cooperation in manned and unmanned space investigations. Some possibilities are not yet precisely identifiable, but should become dear as the space programs of our two countries proceed. In the case of others it may be possible to start planning together now. For example, we might cooperate in unmanned exploration of the lunar surface, or we might commence now the mutual definition of steps to be taken in sequence for an exhaustive scientific investigation of the planets Mars or Venus, including consideration of the possible utility of manned flight in such programs. When a proper sequence for experiments has been determined, we might share responsibility for the necessary projects. All data would be made freely available.

I believe it is both appropriate and desirable that we take full cognizance of the scientific and other contributions which other states the world over might be able to make in such programs. As agreements are reached between us on any parts of these or similar programs, I propose that we report them to the United Nations Committee on the Peaceful Uses of Outer Space. The Committee offers a variety of additional opportunities for joint cooperative efforts within the framework of its mandate as set forth in General Assembly Resolutions 1472 (XIV) and 1721 (XVI).

I am designating technical representatives who will be prepared to meet and discuss with your representatives our ideas and yours in a spirit of practical cooperation. In order to accomplish this at an early date, I suggest that the representatives of our two countries who will be coming to New York to take part in the United Nations Outer Space Committee meet privately to discuss the proposals set forth in this letter.

Sincerely,

JOHN F. KENNEDY

Source: Public Papers of the Presidents of the United States. John F. Kennedy, 1962. Washington, DC: Government Printing Office, 1963, pp. 244–245.

THE LOVELACE WOMEN IN SPACE PROGRAM: TESTIMONY OF JERRIE COBB (JULY 1962)

In 1962, the Committee on Science and Astronauts held a hearing on the qualifications required for the selection of astronauts. Leading the testimony was Jerrie Cobb, a pilot who underwent, and passed, all three phases of astronaut training. She appeared before the committee to testify on behalf of herself and twelve other female pilots who had successfully passed the same physical examinations that NASA’s astronaut candidates went through. However, NASA required all astronauts at the time to be graduates of military test-pilot programs, but women were barred from the training schools. NASA refused to grant exceptions based on experience, and the women were denied. Nearly a year later, on June 16, 1963, Russian cosmonaut Valentina Tereshkova became the first woman in space. The first American woman candidate would not be selected until 1978; Sally Ride flew on Challenger in 1983, over 20 years after Cobb’s testimony.



Miss Cobb. Thank you, Mr. Chairman, honorable Members of Congress. May I say first in behalf of myself and the 12 other women space candidates that we thank you for the opportunity of letting us be heard on Capitol Hill.

We appreciate the vision and interest you are showing in recognizing the need for looking into the utilization of women in the U.S. space program on a, serious, sound basis.

Please believe that these thanks are sincere, for the courtesy of a hearing has not been extended to us by any other branch of the Government.

Our purpose in appearing before you is single and simple: We hope that you ladies and gentlemen will, after these hearings and due consideration, help implement the inclusion of qualified women in the U.S. manned space program. . . .

I would like to explain that the reason you are hearing me as the first witness before this special subcommittee is twofold:

First almost 3 years ago Dr. Randolph Lovelace II and Air Force Brig. Gen. Donald Flickinger asked me to be the first woman to undergo the Mercury astronaut tests at the Lovelace Foundation in Albuquerque, N.Mex.

Subsequently, when my pilot and physical qualifications were checked out, I passed the Mercury astronaut tests in Albuquerque, and as a result it was decided to test a whole group of woman pilots.

Second, in 1960 and 1961 I passed two additional phases of testing as a candidate for space flight to qualify myself and to prove the feasibility of having a group of women in a space research program.

These tests were given through the cooperation of the Veterans’ Administration and the U.S. Navy with the Lovelace Foundation. In both cases, results of my tests gained approval for research on additional women pilots.

Early last summer I was sworn in as a NASA consultant following Administrator James Webb’s announcement of my appointment.

Later last summer, after a group of 12 other women had passed the Mercury astronaut tests, I was sort of drafted to be spokesman for all 13 of us. As you can tell it certainly was not because of my speaking ability.

At any rate, all this background is to tell you why I sit here now. If you would like, later in these hearings, we can see some pictures from testing I have undergone to clarify the three separate phases.

Honorable Representatives of the Congress, you are used to dealing in terms of millions and billions of dollars, especially as they pertain to space expenditures. I hope you will be pleasantly surprised to learn that no taxpayers’ money was spent to ascertain that at least 13 women pilots in the United States can pass the Mercury astronaut selection tests and prove by so doing that they are worthy of consideration for further training as space crewmembers.

Famed Pilot Jacqueline Cochran paid the expenses of many of the women who underwent the tests at the Lovelace Foundation. Twenty five women went through those tests, and from them 12 passed to form the group of which we speak. All volunteered their time at considerable personal and professional inconvenience.

Now you may ask—who are these 12 women, always referred to but never identified?

Why don’t they get together and let themselves be heard?

The answer is easy. They don’t even know each other. They have never met as a group, and no one of the 12 women knows who all the other 11 are.

Because the scientists involved and I have spent several years awaiting some word from governmental circles that the women would be included in the official astronaut training program, we asked the girls for more than a year to keep their identities under wraps. . . .

As their spokesman, I would like to make some general observations.

First, let us all, among ourselves, recognize that we women pilots who want to be part of the research and participation in space exploration are not trying to join a battle of the sexes.

As pilots, we fly and share mutual respect with male pilots in the primarily man’s world of aviation. We very well know how to live together in our profession.

We seek, only, a place in our Nation’s space future without discrimination. We ask as citizens of this Nation to be allowed to participate with seriousness and sincerity in the making of history now, as women have in the past.

There were women on the Mayflower and on the first wagon trains west, working alongside the men to forge new trails to new vistas.

We ask that opportunity in the pioneering of space.

Second, there are sound medical-scientific reasons for using women as astronauts. Without pretending to be either doctor or research scientist, I remind you that women weigh less and consume less food and oxygen than men, a very important point when every pound of humanity and the necessary life support systems is a grave obstacle in the cost and capability factors of manned space vehicles.

Women are more radiation-resistant and less prone to heart attacks because of the way the good Lord constructed them. Scientists say that women are less susceptible to monotony, loneliness, heat, cold, pain and noise than the opposite sex, vital facts to keep in mind in our Nation’s plans for space exploration of increasingly longer duration.

Third, we have seen the reflected pride of the entire free world in the accomplishments of U.S. Astronauts Shepard, Grissom, Glenn, and Carpenter.

All Americans, and certainly all pilots salute them.

Now we who aspire to be women astronauts ask for the opportunity to bring-glory to our Nation by an American woman becoming first in all the world to make a space flight. No nation has yet sent a human female into space.

We offer you 13 woman pilot volunteers.

Members of Congress, your special subcommittee sits here today in search of the “practicability” of training and using women as astronauts.

It is clear to us, and we hope to you, that the practicability exists and is at hand.

Source: Qualifications for Astronauts. Hearings before the Special Subcommittee on the Selection of Astronauts, House of Representatives. 87th Congress, 2nd Session, July 17 and 18, 1962. Washington, DC: Government Printing Office, 1962. Available online at https://web.archive.org/web/20151211072933/http://nasa.lu/static/qualifications_for_astronauts_hearing_1962.pdf

PRESIDENT KENNEDY’S MOON SHOT SPEECH (SEPTEMBER 12, 1962)

For this speech given at Rice University in Houston, Texas, President Kennedy outlined the goal he had earlier given Congress: landing on the Moon. He summarized his reasons, the most famous of which was “not because they are easy, but because they are hard.”

Houston had become a NASA hub just a year earlier, when what is now known as the “Johnson Space Center” was founded on land donated by Rice University, creating a bond between the university and NASA. Houston would become known as “Space City,” and by 1965 nearly 5,000 federal workers would be employed there.

This trip also included a visit to the NASA Launch Operations at Cape Canaveral, Florida, and the NASA Manned Spacecraft Center, also in Houston. At each stop Kennedy shared his outlook for the space program.



No man can fully grasp how far and how fast we have come, but condense, if you will, the 50,000 years of man’s recorded history in a time span of but a half-century. Stated in these terms, we know very little about the first 40 years, except at the end of them advanced man had learned to use the skins of animals to cover them. Then about 10 years ago, under this standard, man emerged from his caves to construct other kinds of shelter. Only five years ago man learned to write and use a cart with wheels. Christianity began less than two years ago. The printing press came this year, and then less than two months ago, during this whole 50-year span of human history, the steam engine provided a new source of power.

Newton explored the meaning of gravity. Last month electric lights and telephones and automobiles and airplanes became available. Only last week did we develop penicillin and television and nuclear power, and now if America’s new spacecraft succeeds in reaching Venus, we will have literally reached the stars before midnight tonight.

This is a breathtaking pace, and such a pace cannot help but create new ills as it dispels old, new ignorance, new problems, new dangers. Surely the opening vistas of space promise high costs and hardships, as well as high reward.

So it is not surprising that some would have us stay where we are a little longer to rest, to wait. But this city of Houston, this State of Texas, this country of the United States was not built by those who waited and rested and wished to look behind them. This country was conquered by those who moved forward—and so will space.

 . . . If this capsule history of our progress teaches us anything, it is that man, in his quest for knowledge and progress, is determined and cannot be deterred. The exploration of space will go ahead, whether we join in it or not, and it is one of the great adventures of all time, and no nation which expects to be the leader of other nations can expect to stay behind in the race for space.

Those who came before us made certain that this country rode the first waves of the industrial revolutions, the first waves of modern invention, and the first wave of nuclear power, and this generation does not intend to founder in the backwash of the coming age of space. We mean to be a part of it—we mean to lead it. For the eyes of the world now look into space, to the moon and to the planets beyond, and we have vowed that we shall not see it governed by a hostile flag of conquest, but by a banner of freedom and peace. We have vowed that we shall not see space filled with weapons of mass destruction, but with instruments of knowledge and understanding.

Yet the vows of this Nation can only be fulfilled if we in this Nation are first, and, therefore, we intend to be first . . . I do not say the we should or will go unprotected against the hostile misuse of space any more than we go unprotected against the hostile use of land or sea, but I do say that space can be explored and mastered without feeding the fires of war, without repeating the mistakes that man has made in extending his writ around this globe of ours.

There is no strife, no prejudice, no national conflict in outer space as yet. Its hazards are hostile to us all. Its conquest deserves the best of all mankind, and its opportunity for peaceful cooperation many never come again. But why, some say, the moon? Why choose this as our goal? And they may well ask why climb the highest mountain? Why, 35 years ago, fly the Atlantic? . . .

We choose to go to the moon. We choose to go to the moon in this decade and do the other things, not because they are easy, but because they are hard, because that goal will serve to organize and measure the best of our energies and skills, because that challenge is one that we are willing to accept, one we are unwilling to postpone, and one which we intend to win, and the others, too.

It is for these reasons that I regard the decision last year to shift our efforts in space from low to high gear as among the most important decisions that will be made during my incumbency in the office of the Presidency. . . .

We have had our failures, but so have others, even if they do not admit them. And they may be less public.

To be sure, we are behind, and will be behind for some time in manned flight. But we do not intend to stay behind, and in this decade, we shall make up and move ahead.

. . . But if I were to say, my fellow citizens, that we shall send to the moon, 240,000 miles away from the control station in Houston, a giant rocket more than 300 feet tall, the length of this football field, made of new metal alloys, some of which have not yet been invented, capable of standing heat and stresses several times more than have ever been experienced, fitted together with a precision better than the finest watch, carrying all the equipment needed for propulsion, guidance, control, communications, food and survival, on an untried mission, to an unknown celestial body, and then return it safely to earth, re-entering the atmosphere at speeds of over 25,000 miles per hour, causing heat about half that of the temperature of the sun—almost as hot as it is here today—and do all this, and do it right, and do it first before this decade is out—then we must be bold.

. . . However, I think we’re going to do it, and I think that we must pay what needs to be paid. I don’t think we ought to waste any money, but I think we ought to do the job. And this will be done in the decade of the sixties. It may be done while some of you are still here at school at this college and university. It will be done during the term of office of some of the people who sit here on this platform. But it will be done. And it will be done before the end of this decade.

. . . Many years ago the great British explorer George Mallory, who was to die on Mount Everest, was asked why did he want to climb it. He said, “Because it is there.”

Well, space is there, and we’re going to climb it, and the moon and the planets are there, and new hopes for knowledge and peace are there. And, therefore, as we set sail we ask God’s blessing on the most hazardous and dangerous and greatest adventure on which man has ever embarked.

Source: Public Papers of the Presidents of the United States. John F. Kennedy, 1962. Washington, DC: Government Printing Office, 1963, pp. 668–671. For video of the speech, see https://er.jsc.nasa.gov/seh/ricetalk.htm

JAMES WEBB, “SPACE: THE INTERNATIONAL ASPECTS” (JANUARY 24, 1963)

James E. Webb was appointed as the second NASA Administrator in 1961 by new president John F. Kennedy in order to advance Kennedy’s lunar-landing goals. With the NASA mission of planetary exploration clear, and a president who inspired the nation to dream big, Webb coordinated the various research centers and pushed for support and resources.

Despite attempts to support international cooperation, the United States and the Soviet Union were still in competition. In this speech to the Institute of Foreign Affairs, Webb outlines the dangers of this competition. He reminds his listeners that the U.S. military has its own space program should it be needed.



In a fundamental sense, the U.S. national space program is itself a “foreign policy” response to an international challenge laid down in October 1957. In that early period after Sputnik I, some interpreted the challenge narrowly—in terms only of prestige. On this premise, space competition seemed to many intrinsically trivial—at most a matter of impressive stunts.

Today we recognize that our national security itself is heavily involved in the space competition. Not only our prestige but our capacity for constructive international leadership, our economic and military capacity for technological improvement, depend upon a superiority in science and technology that is understood and accepted. The nations of the world, seeking a basis for their own futures, continuously pass judgment upon our ability as a nation to make decisions, to concentrate effort, to manage vast and complex technological programs in our own interest. It is not too much to say that in many ways the viability of representative government and of the free enterprise system in a period of revolutionary changes based on science and technology is being tested in space.

The competition is tough. The U.S.S.R has the ability to concentrate its efforts without public debate and without the regard for individual freedom of choice or living standards which enjoy high priority in our own country. But it does not follow that our own space effort should be similarly concentrated. The implications of space are broad, broader than we can know, and they do not end on the moon. The necessary technologies are enormously demanding and therefore enormously promising. And, whatever we do in space, we are critically dependent upon a thorough knowledge of the space environment. Moreover, the Soviet program, which has appeared to many of us to be so narrow and directed almost exclusively to prestigious exploits, more recently gives signs of broadening to include considerable basic research as well as practical investigations, for example, through the use of weather satellites in which we pioneered.

Therefore, we must not be trapped into a narrow competition—focusing our energies on one mission or even on manned flight alone. Our preparations must be broad enough to give us a flexible base suitable for a continuity of effort in a direction or directions perhaps still unknown.

A broad and varied space effort permits us to lead from our great national strengths—the remarkable flexibility of our economic, social and political systems, the great variety of our talents, and the vast resources of our university-industry-government complex. . . .

As the world views the massive space programs developing steadily in the U.S. and U.S.S.R., it voices everywhere a passionate desire for some accommodation to exclude weaponry and war from outer space and enable mankind to extract peaceful benefits from his new abilities. For space, like Janus, has two faces. One face sees only an extension of the cold war, or worse, into space. The other sees in space an unparalleled opportunity to practice the ways of peace, before claims are staked out, before national commitments are made, while there are relatively few issues between us in the new dimension. But the problem of picking our way is for both nations a difficult one. The tools of space, the techniques, and the learning requirements are in good part common to both military and civilian interests.

We in the U.S. walk, therefore, a narrow and difficult line, attempting to preserve the maximum of openness and peaceful purposes in outer space while at the same time requiring due diligence in the interest of national security. The policies laid down in the National Aeronautics and Space Act of 1958, and under these policies the existence of both military and civilian space programs serves the President well in this difficult circumstance. Both programs move toward their separate objectives but the technology of each is available to the other. And there has been remarkable coordination and economy. . . .

Hardly more than a year ago, any discussion of international cooperation in space exploration was necessarily theoretical for the most part. Very few nations had practical experience in this most demanding of technologies. Such interchanges, as existed between the two great leaders in the field, the U.S. and the U.S.S.R., was of no real consequence. The United Nations appeared to be hopelessly deadlocked on questions of outer space. NASA, the civilian space agency in the United States, was well along in establishing an energetic but careful program of true cooperation with other nations in most aspects of the national space program, but its fruition lay largely ahead of us.

Today we are still far from realizing the great potential of international cooperation on space matters, but enough has happened in the past year to provide very convincing evidence of the practicality, the benefits, and the future of world-wide cooperation in this field.

Source: Address Before the Institute of Foreign Affairs Entitled “Space—The International Aspects.” January 24, 1963. Webb Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037798%20-%20508%20pass.pdf

NASA’S PATENT POLICY (MARCH 14, 1963)

NASA Administrator James Webb appeared before the United States Senate in 1963 to review NASA’s patent policy. As a government research agency, most of the research done would belong to the United States government. However, in addition to its employees, NASA also used the services of thousands of contractors, whose rights to the work might be less clear. The focus of this statement was to explain under which circumstances patents might be given. Many of the gadgets and processes created by NASA would go on to have commercial success as well. This policy was meant to provide incentive for the best contractors to work with NASA in the immediate future, while allowing money to be made further on down the line to grow the economy.



NASA’s present patent waiver regulations have been in effect since 1959. Their chief features are the following:



A. Waiver of the rights of the Government will not, as a general rule, be granted in the case of inventions which are peculiarly space-related. These are defined as inventions which are (1) “primarily adapted for and especially useful in the development and operation of vehicles, manned or unmanned, capable of sustained flight without support from or dependence upon the atmosphere, or (2) of basic importance in continued research toward the solution of problems of sustained flight without support from or dependence upon the atmosphere.”

B. Except for such peculiarly space-related inventions, waiver will ordinarily be granted if it is shown

(1)“that the invention was conceived prior to and independently of, but was first actually reduced to practice in the performance of work under a contract of the Administration, and the invention is covered by a United States patent issued or application filed prior to the award of the contract;” or

(2)“that the invention was conceived or first actually reduced to practice in the performance of a contract of the Administration for research work with a nonprofit institution of higher education or a nonprofit organization whose primary purpose is the conduct of scientific research, and the contract does not call for the delivery of models or equipment or the development of practical processes;” or

(3)“that the invention has only incidental utility in the conduct of activities with which the Administration is particularly concerned and has substantial promise of commercial Utility;” or

(4)“that the invention is directed specifically to a line of business of the contractor with respect to which the contractor’s previous expenditure of funds in the field of technology to which the invention pertains has been large in comparison to the amount of funds for research or development work in the same field of technology expended under the contract of the Administration in which the invention was conceived or first actually reduced to practice.”

C. All waivers are subject to reservation of an irrevocable, nonexclusive, nontransferable, royalty-free license for the practice of the invention throughout the world by or on behalf of the United States, or by any foreign government pursuant to any treaty or agreement with the United States.

D. In order to make certain that the rights waived to the contractor are used to make the benefits of the invention available to the public and not to suppress use of the invention by others while not developing it himself, the present regulations provide that all waivers (with few exceptions) are voidable at the option of NASA unless the recipient of the waiver shall, on or before the end of the fifth year from the date of the grant of a United states patent on such invention or the end of the eighth year from the date of acceptance of waiver, whichever is sooner, demonstrate that:

(1)the invention has been developed to the point of practical application, or

(2)the invention has been made available for licensing either royalty-free or at a reasonable royalty rate, or

(3)there are circumstances justifying failure to comply with either of the foregoing and concurrently justifying continuance of the waiver.

Before voiding a waiver for these reasons, NASA will furnish a written notice of such intention and will allow 30 days within which to request a hearing before the Inventions and Contributions Board on the question of whether the waiver should be voided.



In the four and one half years since NASA was established, nearly 800 contractor inventions have been reported. 96 petitions for waiver have been submitted. In 30 instances, waiver has been granted under NASA’s present waiver regulations. Petitions for waiver have been denied in 2 cases, while 14 of the petitions have been withdrawn. Of the 50 petitions that are pending, the NASA Inventions and Contributions Board has recommended that 6 be denied and 12 be granted.

. . . [W]e are convinced that the public interest is often best served by permitting a contractor or subcontractor to retain commercial rights to inventions made in the course of doing research and development work funded by NASA—provided, of course, the Government acquires a royalty-free license for use of the invention for governmental purposes, and provided, also, that the invention is actually worked. NASA’s policy is intended to encourage use of inventions in two ways: first, by bringing the stimuli of the patent system into play and, second, by withholding the full benefits of waiver until public realization of the fruits of the invention have been achieved.

. . . [A] scientific research and technological development effort of the scope and magnitude of that being conducted by NASA is certain to produce important innovations and inventions which can be widely used and which constitute a valuable national resource. . . . NASA regards with a sense of deep responsibility the importance of developing the full potential for commercial purposes of the technological advances which are developed, of stimulating inventions, and of providing incentives for their use—not only in terms of new products and services but as a general contribution toward continued economic growth.

Source: “Statement before the Senate Subcommittee on Monopoly, Committee on Small Business re Inventions and NASA Patent Policy.” March 14, 1963. Webb Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037809%20-%20508%20check.pdf

JAMES WEBB, NASA’S 1964 BUDGET REQUEST (APRIL 24, 1963)

To see what an agency’s true goals are, it is often useful to look at how they plan to spend their money. In this statement made by NASA Administrator James Webb to the Committee on Aeronautical and Space Sciences of the U.S. Senate, NASA lays out its plans for the next year by focusing on five major areas. Per their budget request, NASA plans to focus on manned space flight, space exploration, meteorological and communication satellites, sustained aeronautical research, and tracking systems to aid data acquisition.



The total NASA request for fiscal year 1964 is $5,712,000,000 and is comprised of $4,912,000,000 for research, development and operation and $800,000,000 for construction of facilities.

Turning first to the programs carried under the section on Research, Development and Operation, there are five major program areas.

With respect to the manned space flight program, the request in this budget is for $3,758,200,000. It is under this program that the Mercury project will be completed with the scheduled one-day earth orbit mission scheduled for next month. We are proceeding with the Gemini project which will prove out much of our Apollo technology, provide experience and training for our flight crews, and provide answers to important problems associated with rendezvous and long duration flight. The Gemini project is planned to lead logically on to the Apollo project in a continuing integrated schedule designed to give us the technical capability, the scientific advances, and the trained flight and ground crews, which will culminate, insofar as this budget is concerned, with landing men on the moon, exploring its characteristics, and returning them safely to earth. All of these programs have specific objectives and form a total program that has a broad objective of establishing, for the United States, preeminence in manned space flight. This budget does not include programs to utilize this capability beyond the Apollo program. . . .

In the area of Space Sciences, NASA is requesting $836,700,000. The Office of Space Sciences conducts programs to investigate the characteristics of the earth, the near and far regions of space, the sun and its influence on earth, the moon, and our neighboring planets. These programs are conducted using sounding rockets, earth orbiting satellites, lunar probes, planetary and interplanetary probes. At present, the United States clearly leads the world in hard-won knowledge in the important areas of geophysics, solar physics, and interplanetary science. We are continuing an aggressive program in this area to assure that the United States retains its leadership. . . .

The budget estimate for our Applications program is $140,700,000. In this area, NASA is developing the spacecraft and technology needed to establish operational meteorological and communications satellite systems. In addition, the Office of Applications has heretofore carried the responsibility for working out ways and means to catalogue and make available to industry and other leaders innovations and processes arising from our space development efforts which can form a basis for economic growth or the solution of other problems faced by our society. Recently this responsibility was joined with that of policy planning in the Office of Technology Utilization and Policy Planning, under Dr. George L. Simpson, Jr., Assistant Administrator. . . .

The request for the Advanced Research and Technology program is $597,200,000.

The Office of Advanced Research and Technology is charged with providing a continuing and advancing broad technological and research base for this country’s future aeronautical and space activities. In this program, research is conducted in the many fields related to aircraft, propulsion, launch vehicles, spacecraft, electronics, systems integration and management, tracking and data acquisition, re-entry, methods of simulation and training, and related human factors.

The technological advancements made as a result of this kind of research effort in the past have formed the basis for all our present aircraft and space systems, and a continuance of this kind of effort is the only sure way for this Nation to maintain its position of leadership in aeronautics and space activities in the years ahead. . . .

The request for NASA’s Tracking and Data Acquisition program is $379,200,000. Every space flight mission in our present program, whether rocket development, scientific satellite, space probe, or manned spacecraft is undertaken to gather information in a form that can advance our base of knowledge and thus add an increment to our technological capability. The critical means to get such information back to the managers of the missions and then to the scientists in our laboratories and universities, is the world-wide network of tracking and data acquisition stations. . . .

The policy on which this budget is based is the mastery of space, and its utilization for the benefit of mankind. This mastery, and the relation of our position to those of other nations, will not be determined by any single achievement. Superiority in the space environment will be won and very likely can be held by that nation which first fashions into a usable system all of the scientific knowledge, all of the technology, all of the experience, all of the space launch and terminal facilities, and all of the aids to space navigation required for safety and regular operation.

These are the capabilities and resources which the United States must have, and this budget is designed to make rapid progress toward acquiring them.

Source: “Webb Statement before Senate Committee on Aeronautical and Space Sciences re NASA Authorization.” April 24, 1963. Webb Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037816%20-%20508%20pass.pdf

PRESIDENT JOHNSON’S REMARKS ON PICTURES FROM MARS (JULY 29, 1965)

With the assassination of President Kennedy, NASA lost an enthusiastic supporter. However, the next president, Lyndon B. Johnson, had been advocating for the space program for years. As senator, he pushed for the Space Act; as vice president, he oversaw the Kennedy space initiatives, pushing hard to go to the Moon.

The Mariner 4 spacecraft discussed in these remarks was launched on November 28, 1964, and completed the first fly-by of the planet Mars. It sent back the first images of another planet from deep space, taken on July 14 and 15, 1965. It would continue exploration until December 21, 1967, when communication was lost.



Dr. Webb, Dr. Pickering, Dr. Leighton, Members of Congress, distinguished guests:

Unaccustomed as I am to welcoming men from Mars, I am very happy to see you gentlemen here this morning. As a member of the generation that Orson Welles scared out of its wits, I must confess that I am a little bit relieved that your photographs didn’t show more signs of life out there.

I think I speak for every American when I tell you how very proud and how impressed, how grateful we are for what you and all the many members of your team have accomplished on the Mariner 4 mission.

The flight of Mariner 4 will long stand as one of the really great advances in man’s unending quest to extend the horizons of human knowledge. In the history books of tomorrow, unlike the headlines of today, the project’s name may be lost but the names of the men of vision, men of imagination and faith who made this enterprise such a historic success are going to be honored in the world for many generations to come.

This advance for mankind is awe-inspiring. It is all the more so when we realize that such capabilities have come into being within a short span of a very few years. As Director Webb observed a few moments ago, it was only 7 years ago that some could, and some did, say that none of this would ever be possible. In fact, some said a good deal more along that line, which I really don’t want to repeat this morning because much of what they said was aimed directly at me.

What I believed in 1957 and 1958, when I was striving and searching and seeking to get our space program moving with hearings that almost went around the clock—what I believed then I believe even more strongly now because of what you have done.

Our Nation must live by its vision, must live by its faith, or we won’t live at all. And where there is no vision the people perish.

For 189 years generations of Americans have had a vision and a faith that the world could somehow, someday live in peace. From 1776 to 1965 mankind has journeyed far ‘toward the reality of that dream. And I am determined, and I believe the American people and their spokesmen in the great Congress are determined, that men and nations shall hold steady to that course toward the sun of sanity, and toward enlightenment and reason instead of war.

Mankind’s progress toward the distant stars of peace and reason must not, and shall not, be either delayed or diverted by those who would cast the shadow of fear across its path and have it fall in the darkness of war.

This is the real purpose of all that we do on the earth around us and in the reaches of space beyond us. We are striving to shelter and to save the gains that man has made while, at the same time, we are seeking to help man fulfill the promise within him, to fulfill that promise in peace and in freedom.

I remain an optimist always about man and about man’s future, and I have never been more optimistic than now. I believe it is very clear that in this day, when we are reaching out among the stars, the earth’s billions will not set their compass by dogmas and doctrines which reject peace, and embrace force, and rely upon aggression and terror for fulfillment.

It may be—it may just be that life as we know it with its humanity is more unique than many have thought, and we must remember this.

In the works of space, as in the works of peace, this great Nation of ours stands always ready to join with any others—to join with all others—and we are ready as I speak now

So, today, it is my great pleasure to honor these outstanding Americans on behalf of all of their countrymen. They have brought the Mariner 4 from idea to reality and have kept the vigil with it now through 2:28 days of flight. So, this morning we all are very proud to salute them and to pay honor to their lasting contribution to the knowledge of all mankind, and to the men and women, the executives and the clerks, to the Congress—the House and the Senate—to the great industrialists and the forces of American labor, all of whom put their shoulder to the wheel and united to make it possible for these adventures and advances.

In the terms of the Navy, for which we all have such great respect, I say, “Well done.”

Source: Public Papers of the Presidents of the United States. Lyndon B. Johnson, 1965, Book 2. Washington, DC: Government Printing Office, 1966, pp. 805–806.

OUTER SPACE TREATY (JANUARY 27, 1967)

This treaty, signed by the United States, the United Kingdom, and the Soviet Union, forms the basis of international space law. The treaty declares that governments may not claim the Moon (or any other celestial body) but can use them for peaceful purposes. Weapons (except weapons of mass destruction) can be stationed in space; exploration of space should benefit the world. Since the treaty originally went into force in October 1967, 108 more countries have ratified it. The treaty was signed on January 27, 1967, the same day of the Apollo 1 tragedy.



THE STATES PARTIES TO THIS TREATY,

INSPIRED by the great prospects opening up before mankind as a result of man’s entry into outer space,

RECOGNIZING the common interest of all mankind in the progress of the exploration and use of outer space for peaceful purposes,

BELIEVING that the exploration and use of outer space should be carried on for the benefit of all peoples irrespective of the degree of their economic or scientific development,

DESIRING to contribute to broad international co-operation in the scientific as well as the legal aspects of the exploration and use of outer space for peaceful purposes,

BELIEVING that such co-operation will contribute to the development of mutual understanding and to the strengthening of friendly relations between States and peoples,

RECALLING resolution 1962 (XVIII), entitled “Declaration of Legal Principles Governing the Activities of States in the Exploration and Use of Outer Space”, which was adopted unanimously by the United Nations General Assembly on 13 December 1963,

RECALLING resolution 1884 (XVIII), calling upon States to refrain from placing in orbit around the earth any objects carrying nuclear weapons or any other kinds of weapons of mass destruction or from installing such weapons on celestial bodies, which was adopted unanimously by the United Nations General Assembly on 17 October 1963,

TAKING account of United Nations General Assembly resolution 110 (II) of 3 November 1947, which condemned propaganda designed or likely to provoke or encourage any threat to the peace, breach of the peace or act of aggression, and considering that the aforementioned resolution is applicable to outer space,

CONVINCED that a Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies, will further the Purposes and Principles of the Charter of the United Nations,

HAVE AGREED ON THE FOLLOWING:

Article I

The exploration and use of outer space, including the moon and other celestial bodies, shall be carried out for the benefit and in the interests of all countries, irrespective of their degree of economic or scientific development, and shall be the province of all mankind.

Outer space, including the moon and other celestial bodies, shall be free for exploration and use by all States without discrimination of any kind, on a basis of equality and in accordance with international law, and there shall be free access to all areas of celestial bodies.

There shall be freedom of scientific investigation in outer space, including the moon and other celestial bodies, and States shall facilitate and encourage international co-operation in such investigation.

Article II

Outer space, including the moon and other celestial bodies, is not subject to national appropriation by claim of sovereignty, by means of use or occupation, or by any other means.

Article III

States Parties to the Treaty shall carry on activities in the exploration and use of outer space, including the moon and other celestial bodies, in accordance with international law, including the Charter of the United Nations, in the interest of maintaining international peace and security and promoting international co-operation and understanding.

Article IV

States Parties to the Treaty undertake not to place in orbit around the earth any objects carrying nuclear weapons or any other kinds of weapons of mass destruction, install such weapons on celestial bodies, or station such weapons in outer space in any other manner.

The moon and other celestial bodies shall be used by all States Parties to the Treaty exclusively for peaceful purposes. The establishment of military bases, installations and fortifications, the testing of any type of weapons and the conduct of military manoeuvres on celestial bodies shall be forbidden. The use of military personnel for scientific research or for any other peaceful purposes shall not be prohibited. The use of any equipment or facility necessary for peaceful exploration of the moon and other celestial bodies shall also not be prohibited.

Article V

States Parties to the Treaty shall regard astronauts as envoys of mankind in outer space and shall render to them all possible assistance in the event of accident, distress, or emergency landing on the territory of another State Party or on the high seas. When astronauts make such a landing, they shall be safely and promptly returned to the State of registry of their space vehicle.

In carrying on activities in outer space and on celestial bodies, the astronauts of one State Party shall render all possible assistance to the astronauts of other States Parties.

States Parties to the Treaty shall immediately inform the other States Parties to the Treaty or the Secretary-General of the United Nations of any phenomena they discover in outer space, including the Moon and other celestial bodies, which could constitute a danger to the life or health of astronauts.

Article VI

States Parties to the Treaty shall bear international responsibility for national activities in outer space, including the moon and other celestial bodies, whether such activities are carried on by governmental agencies or by non-governmental entities, and for assuring that national activities are carried out in conformity with the provisions set forth in the present Treaty. The activities of non- governmental entities in outer space, including the moon and other celestial bodies, shall require authorization and continuing supervision by the appropriate State Party to the Treaty. When activities are carried on in outer space, including the moon and other celestial bodies, by an international organization, responsibility for compliance with this Treaty shall be borne both by the international organization and by the States Parties to the Treaty participating in such organization.

Article VII

Each State Party to the Treaty that launches or procures the launching of an object into outer space, including the moon and other celestial bodies, and each State Party from whose territory or facility an object is launched, is internationally liable for damage to another State Party to the Treaty or to its natural or juridical persons by such object or its component parts on the Earth, in air space or in outer space, including the moon and other celestial bodies.

Article VIII

A State Party to the Treaty on whose registry an object launched into outer space is carried shall retain jurisdiction and control over such object, and over any personnel thereof, while in outer space or on a celestial body. Ownership of objects launched into outer space, including objects landed or constructed on a celestial body, and of their component parts, is not affected by their presence in outer space or on a celestial body or by their return to the Earth. Such objects or component parts found beyond the limits of the State Party of the Treaty on whose registry they are carried shall be returned to that State Party, which shall, upon request, furnish identifying data prior to their return.

Article IX

In the exploration and use of outer space, including the moon and other celestial bodies, States Parties to the Treaty shall be guided by the principle of co-operation and mutual assistance and shall conduct all their activities in outer space, including the moon and other celestial bodies, with due regard to the corresponding interests of all other States Parties to the Treaty. States Parties to the Treaty shall pursue studies of outer space, including the moon and other celestial bodies, and conduct exploration of them so as to avoid their harmful contamination and also adverse changes in the environment of the Earth resulting from the introduction of extraterrestrial matter and, where necessary, shall adopt appropriate measures for this purpose. If a State Party to the Treaty has reason to believe that an activity or experiment planned by it or its nationals in outer space, including the moon and other celestial bodies, would cause potentially harmful interference with activities of other States Parties in the peaceful exploration and use of outer space, including the moon and other celestial bodies, it shall undertake appropriate international consultations before proceeding with any such activity or experiment. A State Party to the Treaty which has reason to believe that an activity or experiment planned by another State Party in outer space, including the moon and other celestial bodies, would cause potentially harmful interference with activities in the peaceful exploration and use of outer space, including the moon and other celestial bodies, may request consultation concerning the activity or experiment.

Article X

In order to promote international co-operation in the exploration and use of outer space, including the moon and other celestial bodies, in conformity with the purposes of this Treaty, the States Parties to the Treaty shall consider on a basis of equality any requests by other States Parties to the Treaty to be afforded an opportunity to observe the flight of space objects launched by those States.

The nature of such an opportunity for observation and the conditions under which it could be afforded shall be determined by agreement between the States concerned.

Article XI

In order to promote international co-operation in the peaceful exploration and use of outer space, States Parties to the Treaty conducting activities in outer space, including the moon and other celestial bodies, agree to inform the Secretary-General of the United Nations as well as the public and the international scientific community, to the greatest extent feasible and practicable, of the nature, conduct, locations and results of such activities. On receiving the said information, the Secretary-General of the United Nations should be prepared to disseminate it immediately and effectively.

Article XII

All stations, installations, equipment and space vehicles on the moon and other celestial bodies shall be open to representatives of other States Parties to the Treaty on a basis of reciprocity. Such representatives shall give reasonable advance notice of a projected visit, in order that appropriate consultations may be held and that maximum precautions may be taken to assure safety and to avoid interference with normal operations in the facility to be visited.

Article XIII

The provisions of this Treaty shall apply to the activities of States Parties to the Treaty in the exploration and use of outer space, including the moon and other celestial bodies, whether such activities are carried on by a single State Party to the Treaty or jointly with other States, including cases where they are carried on within the framework of international inter-governmental organizations.

Any practical questions arising in connection with activities carried on by international inter-governmental organizations in the exploration and use of outer space, including the moon and other celestial bodies, shall be resolved by the States Parties to the Treaty either with the appropriate international organization or with one or more States members of that international organization, which are Parties to this Treaty.

Source: United Nations. “Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space, including the Moon and Other Celestial Bodies.” Official Records of the General Assembly, Twenty-first Session (1967), agenda items 30, 89 and 91, document A/6431.

JAMES WEBB’S STATEMENT ON THE APOLLO 4 MISSION (NOVEMBER 9, 1967)

The Mercury program met its goal of human spaceflight by completing six manned flights between 1961 and 1963. It was followed by the Gemini program, in which ten crews of two men each flew low Earth orbit missions in 1965 and 1966. With those two programs proving that space travel was possible, the Apollo program was designed to land men on the Moon. It was the culmination of President Kennedy’s national goal, set in 1961.

Apollo’s first planned flight, Apollo 1, ended with disaster when astronauts Gus Grissom, Ed White, and Roger Chaffee died in a fire during a test. Following the accident, NASA returned to testing, including three unmanned flights. The Apollo 4 flight (named following those three unmanned flights, after retiring “Apollo 1” in honor of the crew) was the first full test meant to prove that all systems were working again. The mission lasted nine hours, achieved all its goals, and was deemed a complete success.



The Apollo/Saturn launch this morning represents a successful demonstration of the devotion and high quality workmanship of over 300,000 men and women in thousands of industrial plants, laboratories, test facilities, universities and government installations. It also represents a demonstration or the high quality that has gone into the design, the construction and preparation for today’s use of Launch Complex 39 at Cape Kennedy—composed of the world’s largest machines, building and automated systems for double and triple checking vital elements of high performance in mechanical and electrical systems. This complex has cost $500 million and will be of great value for at least the next 50 years.

In a few hours we will have another vital test of another set of systems—those which have been designed to permit men to return to the earth from distances as far as the Moon and at speeds of seven miles-per-second.

The events of the space age, including today’s use of massive power to lift 6 ¼ million pounds from the earth and attain speeds of 25,000 miles-per-hour, have demonstrated what we will be up against if we drop too far behind. The Apollo/Saturn project is being carried out to develop our ability to launch very large machines into earth orbit, to check them out to be sure all is in working order, and then send them outward to the Moon and planets. It will also enable us to bring back to the earth samples of the Moon and measurements of the planets. These abilities are vital to give this Nation the advanced aeronautical and space capabilities it will certainly need in every field of technology. Our hope to achieve a peaceful world means that we must be able to move through the air and use the medium of space for peaceful purposes for the benefit of all mankind. Big aeronautical and space machines are necessary to do the big jobs ahead.

At NASA we know we will need more than one perfect launch to make sure that we can efficiently use such big machines as the Apollo/Saturn system, and bring into play the new powers they represent to help achieve the kind of world the National Aeronautics and Space Act of 1958 set as the objective for this agency. We will proceed as rapidly as possible to develop the full potential of the Apollo/Saturn system to achieve these ends.

The launch today is but the first step in proving out the end result of many years’ work. Its success will permit us to move more rapidly on to a second launch and to all the other tests necessary to show that man can now reach out from the earth toward the stars for a better understanding and use of the forces and opportunities which are present in our own solar system and in other parts of the universe.

Source: “Statement Made after Successful Apollo 4 Launch.” November 9, 1967. Webb Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038532.pdf

NEIL ARMSTRONG, THOUGHTS ON THE UPCOMING APOLLO 11 MISSION (FEBRUARY 6, 1969)

This interview with Neil Armstrong by William J. Cromie was conducted in February 1969, just months before the launch of Apollo 11. Armstrong summarizes the status of the mission at that time, gives his thoughts on commanding the mission, possibly going down in history, training, and potential problems.



Q. What situation are you in with Apollo 11 now? Got a firm training schedule all worked out?

A. Well, we’re in the process of attempting to get a mission plan delineated in as much detail as we can, and procedures formatted. We are making a big effort to get them to compare as closely as we can with the Apollo 8, 9 and 10 procedures so we can take the most use we can of what they’re doing. And, then of course when Apollo 9 goes, that, hopefully, will be a big hurdle out of the way if they get all the objectives that they’re shooting for. We’re very strongly dependent on that flight being a resounding success. Assuming that goes well, and the LEM comes through with flying colors, then I think we’ll be ready to step into a mode where we’re doing a lot of simulations and actual practice on the mission phases of that. Simulators are pretty much tied up with Apollo 9 and 10, so we’re trying to get all the decisions out of the way first, and agree on procedures and techniques that we’re going to use.



Q. Neil, when did you know that you were going to be commander of this flight?

A. Oh, about, I don’t remember exactly the day, but about 3 or 4 days before you did. And I shouldn’t really say that. I knew at that point that I was being proposed for it. And I knew one day before the official announcement that it had been approved.



Q. Well, what were your feelings, were you surprised, overjoyed?

A. I was very pleased. I’d be pleased put any flight.



Q. But how would you compare the feeling with winning an automobile or being selected an astronaut?

A. Well, I was very pleased but I shouldn’t say wildly elated because facts are, I’d be elated at getting any flight. Now this happens to be a particularly good flight. They’re all good flights but this one really is a particularly special one. On the other hand it could just as easily become, depending on how 9 and 10 goes, it could become another Earth orbital flight. I would be—I’d have to be just as happy or at least I’d have to take that with the same emotion that I accepted the responsibility for 11 with. We hope it will be a landing flight, so I have every confidence that it will be a landing flight. But you know, it could turn out to be something else in which case I’ll still be very glad to fly.



Q. Well, if it does turn out, you’ll go down in history and you’ll be famous. In your quiet moments, what kind of thoughts do you have about that?

A. Several people have mentioned that and I really do feel and hope that you all and the public will recognize the thing as a group effort because it really is that. Who the individual happens to be that gets to make first landing, that’s happenstance. That’s just the way the things fell out. It could just as easily have been the next flight or the one before. It probably depending on how the cards fell, so I see it as a group achievement and I hope you all and the people recognize that it’s that and because that would be appropriate and fair.



Q. No, I meant your own quiet feelings, how you look at it yourself as being part of history.

A. I have been thinking about that, about those kind of views for a number of years, but now the time is to think about it in the checklist fashion because the job now is to do it and do it right and that’s the way we’re bending our efforts.



Q. When you wake up at night and a thought hits you—gosh, suppose that flight is successful, what kind of thoughts go on then?

A. I’m planning on it being successful. Why do you always say suppose that flight will be successful?



Q. No, but I mean successful as a moon landing and all. What kind of thoughts or emotions come over you at that time?

A. Well, I’m certainly not going to say I’m without emotion at that thought because that wouldn’t be factual but I think we sort of unconsciously think more about day to day factual things that have to be done—the factual parts of touching down on the surface and doing this and that job—and don’t probably think very much about the emotional aspects. Now it will exist. It will exist between now and the flight and will actually exist on the flight itself. As a matter of fact every time I’ve ever flown in a new airplane no matter how little change it was from something that I had done before, why I’ve always said in a new one when I get off the ground I look around and say, ‘By George, I’m really flying it.’ then proceed on. I suspect that those thoughts will come on Apollo 11, ‘By George I’m really here’!



Q. Do you have any sort of concern since you flew this LLTV and had that mishap?

A. I don’t have any concern for myself. I have a greater concern, not only for my flight, but for any flight that if we had some kind of problem that—not only the program but the country would feel that tragedy. . . .



Q. How does the training schedule look from here to July. Are you going to be ready on time?

A. I can’t really say, we may not. We may not make it. We may not be able to get ready in time for the July window. We’ve got about 900 hours of identified training requirements plus all the ones that you can’t identify. And of course there are the uncertainties of changes and so on that will come about as a result of tests and flights between now and July. I really don’t know whether we can make it or not. If things go well, it will still be tough. We’re trying, we’re setting up our training schedule to make the July window, now we can’t be sure yet that we will.



Q. What do you think will be the hairiest part of the landing—the most critical part of that last 6 or 7 hundred feet as you go down to the moon?

A. It is true that we have uncertainties in the navigation and we have less fuel margin than you’d like to have at that point in time. I think I would consider the critical hurdle to get over the transition from automatic to manual control. Assurance that the vehicle was responding the way you wanted it to. I think that once we get in that situation then we’ll know at least, whether we can get it on the surface safely with the fuel remaining. As soon as we get past that hurdle and the vehicle is responding, I think we’ll feel pretty good about it. . . .



Q. Do you think anything at all of the dangers of this flight?

A. Sure there’s dangers and our business is trying to find out where the danger spots are and make them less dangerous. We spend all our time doing that. It’d be silly to say that we don’t think of the dangers because that’s what we do all the time. In trying to make them less dangerous and more productive and more efficient. But we don’t really think about it from a personal point of view so much—not from personal danger consideration. . . .



Q. What do you think is going to be more risky, the landing or the takeoff?

A. Well, the landing is more complex because the system is more complex. But should something go wrong you can abort from it using the ascent engines. That puts it in one pedestal. On the ascent, on the other hand, you have less alternatives. If the engine quits, you’re in serious trouble, you know, but everything is simpler so I’d say they’re about equal.

Source: “Transcript Re Oral History Interview of Neil A. Armstrong.” February 1969. Oral History Interviews. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000013703%20-%20508%20pass.pdf

THOMAS PAINE’S SPEECH BEFORE THE LAUNCH OF APOLLO 9 (FEBRUARY 27, 1969)

The Apollo program was continuing its work in preparing for a Moon landing. The Apollo 9 mission, crewed by James McDivitt, David Scott, and Rusty Schweickart, would result in 10 days in orbit testing the Lunar Module system (including docking, extraction, and navigation) and included a two-person spacewalk with a suit-based life-support system. While all of this was accomplished in Earth orbit, the mission proved that the procedures and spacecraft could handle a lunar orbit.

Thomas Paine was appointed as the Deputy Administrator of NASA on January 31, 1968, and named as the Acting Administrator in October 1968 when James Webb retired. Shortly after this speech, on March 20, 1969, he would be confirmed as NASA’s third administrator. In this speech, Paine discusses what NASA hopes to accomplish, and why the space program is so important to the future of science.



[R]eally the objective of the Apollo program has not been to land a man on the moon within the decades—that’s been the goal that we have set for ourselves that everyone around the world could see, to test us to see whether or not we indeed could meet the commitments. But the real objective of the program was to develop the capability for the United States to operate with the confidence in the deep space environment to be able to carry out rendezvous, dockings, to utilize scientific equipment, to be able to make the voyage to the moon and back with, if not comfort, at least with safety and reliability. . . .

In the long run, our objective on the moon is to understand enough of it from our initial Apollo landings, including the longer dwell times, perhaps a lunar shelter, perhaps a lunar transportation device either a very simple wheeled vehicle to give the astronauts more mobility, or perhaps in the very low lunar gravity, which in only one-sixth that on earth as you know, perhaps a simple flying device to let the astronauts get some five miles or so away from the landing spot. . . .

[W]e are taking . . . [a] rocket casing and converting that to a laboratory which will be a considerably larger spacecraft than we can put up in any other way, and we will put that more or less permanently into orbit. We will add to that a docking adaptor that spacecraft can come up and dock to. We will add to it an air lock which will have not only power life support kinds of circuitry, but also some of the experiments we want to carry out. Then we will have living quarters, food preparation, this sort of thing . . . This will be built on the ground so that it’s a so-called wet laboratory . . .

The other part of this program is to develop a low-cost shuttle kind of capability that will allow us to move not only astronauts but also scientists with a minimum amount of flight training as passengers back and forth to the space station with their equipment, with their supplies, and after a period of research in the space station, to return to earth using largely recoverable kinds of spacecraft so that we can reduce the cost by not, as we do now, throwing the aircraft away at the end of every trip. And this is something that is under intensive investigation. It looks like this may be the next phase in space travel which has great opportunities to reduce the costs. . . .

The unmanned part of the space program is still heavily involved in earth orbital operations for such things as communications and weather satellites which already, in the first decade of space, have produced a substantial economic return, but also extending this into the navigation satellites, the geodetic satellites, and further developing the capability that we have developed in weather satellites and communication satellites. We envision toward the end of the second decade, for example, having the capability of direct television broadcasting from orbit as opposed to the present relay TV satellites. And this has really some very wide implications, particularly perhaps for the developing nations where we can reach very wide audiences with education kinds of activities. . . .

Beyond that, I think that the space age just as the great age of the European navigators did, is going to completely change our viewpoint of man and his position in the universe. I think already the dramatic pictures that we brought back from the moon at Christmastime of the earth rising over the rugged lunarscape have caused people to perhaps somewhat stop and think about the role of man in the universe, the loneliness of life on our planet as we know it at the present time, the fact that really the exploration of space is a venture for all mankind. We have seen people all over the world join with us and feel a great thrill of elation as man for the first time moves out into space and answers the old question about whether or not there is life on the moon with the simple answer, well, if there isn’t, there’s going to be this year, which is really the kind of answer, I think, that Americans should adopt.

Source: “Statement on Apollo 9 Mission.” February 27, 1969. Paine Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037747%20-%20508%20pass.pdf

THOMAS PAINE’S STATEMENT ON THE LUNA 15 LAUNCH (JULY 13, 1969)

Luna 15 was a Soviet Union unmanned space mission designed to explore the Moon, with the hope of collecting lunar soil and returning it to Earth. It launched on July 13, 1969, orbited the Moon 52 times, then crashed onto the Moon’s surface, unsuccessful.

By the time Luna 15 began its descent to the Moon, two United States astronauts were already there. The United States had won the Space Race. However, Luna 15 was the first sign of U.S.–Soviet cooperation; the Soviet Union had released the flight plan to make sure Luna 15 did not collide with Apollo 11.



The following is a statement from Dr. Thomas O. Paine, Administrator of the National Aeronautics and Space Administration, on the Soviet launch announced today:

“While it is not yet clear what the Soviet Union’s latest space flight will do, it is an announced unmanned lunar mission and this in itself is an exciting prospect.

“This new Soviet mission, together with America’s first manned lunar landing attempt, demonstrates mankind’s developing capabilities for space exploration.

“The moon may well hold the key to man’s past and his future.

“We hope the juxtaposition of two lunar missions in such a close timeframe points out the desireability of close cooperation in space between the Soviet Union and the United States.”

Source: “Statement on Luna 15 Launch.” July 13, 1969. Paine Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037757%20-%20508%20pass.pdf

IN EVENT OF MOON DISASTER (JULY 18, 1969)

The Apollo program’s goal was to get a man on the Moon—but also to bring that man home safely. While NASA had been practicing procedures for the journey, no one was really sure if it would work.

President Nixon’s speechwriter, William Safire, drafted this memo for White House Chief of Staff H.R. Haldeman just in case everything went wrong, and the two astronauts who would walk on the Moon (Neil Armstrong and Buzz Aldrin) could not return. Launching the module back off the Moon was considered the largest risk; if that failed, the astronauts would be alive, but alone on the Moon with no hope of return.

But everything went as planned, and the astronauts completed their mission successfully. This speech was never needed.



To H. R. Haldeman

From: Bill Safire July 18, 1969.

IN EVENT OF MOON DISASTER:

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

These brave men, Neil Armstrong and Edwin Aldrin, know that there is no hope for their recovery. But they also know that there is hope for mankind in their sacrifice.

These two men are laying down their lives in mankind’s most noble goal: the search for truth and understanding.

They will be mourned by their families and friends; they will be mourned by their nation; they will be mourned by the people of the world; they will be mourned by a Mother Earth that dared send two of her sons into the unknown.

In their exploration, they stirred the people of the world to feel as one; in their sacrifice, they bind more tightly the brotherhood of man.

In ancient days, men looked at stars and saw their heroes in the constellations. In modern times, we do much the same, but our heroes are epic men of flesh and blood.

Others will follow, and surely find their way home. Man’s search will not be denied. But these men were the first, and they will remain the foremost in our hearts.

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.

PRIOR TO THE PRESIDENT’S STATEMENT:

The President should telephone each of the widows-to-be.

AFTER THE PRESIDENT’S STATEMENT, AT THE POINT WHEN NASA ENDS COMMUNICATION WITH THE MEN:

A clergyman should adopt the same procedure as a burial at sea, commending their souls to “the deepest of the deep,” concluding with the Lord’s Prayer.

Source: Richard Nixon Presidential Library and Museum

THOMAS PAINE’S REMARKS AT THE COMMONWEALTH CLUB (AUGUST 1, 1969)

With the success of the Apollo 11 mission, the United States had reached its goal of a manned lunar landing—something no other country has accomplished since. While both the United States and the Soviet Union would continue their separate space programs for a little while longer, the Space Race was essentially over.

In this speech to the Commonwealth Club in San Francisco, NASA Administrator Thomas Paine rejoices in the success of the American space program, and implores the country to continue doing great things, both in space and on Earth.



What are some lessons that the space program may have for other areas? One of these is that it takes a great deal to jar the United States into performing great deeds. We can, therefore, be very grateful to the Soviet Sputnik that provided the “space Pearl Harbor” which jarred the United States out of its complacency with our assumed scientific and technological leadership, and our assumed preeminence as a pioneering people who explore in the forefront by establishing daring goals and meeting them.

Sputnik jarred us, and I think our healthy reaction was a tribute to this country’s vitality and pride.

A lesson here for our enemies is not to galvanize the United States with Pearl Harbors or Sputniks; as long as we are left unchallenged, we don’t threaten anybody. But when you challenge this country; look out! . . .

Another lesson of the space program is, that once challenged, the nation can respond with clear leadership, as in the formation of the space program. General Eisenhower was President at the time of Sputnik, and he and the Congress formed the National Aeronautics and Space Administration, an innovative institutional approach that established a civilian space program to move ahead in space “for the benefit of all mankind.” Those words are in the legislation under which the Space Agency carries out its activities, and I believe that we have met their intent.

In the first decade of space, our open space program has been a great example to all the world of how America chooses to carry out activities. This is consistent with our free society. Apollo 11 approached the moon with all of mankind riding in Eagle with us, looking over our shoulders. This was in marked contrast to the secrecy of Luna 15 which was simultaneously aloft. The contrast was very much in America’s favor. . . .

So bold programs require national commitment and organized resources of dedicated competence. This competence did not exist at the start of our space program. I’m sure all of you remember the many failures that we encountered at the beginning. But these were studied and utilized as the stepping stones to eventual success. We made mistakes, but we learned from our mistakes and built our knowledge and capability. And that, I think, is very important—the fact that our errors were made in public, for NASA allows complete, free access to its program. This undoubtedly moved our program ahead more rapidly, attracting better minds and subjecting them to a more rigorous inquiry.

The space program indeed released the energy of a generation in pioneering, exploring work. Where do we go from here? I’d like to devote my final remarks to that question.

First of all, maybe we shouldn’t go anywhere. Maybe we should stop now. God knows we have enough poverty, crime, ignorance, hunger and other problems here on earth. Why go out searching for more? Some of you probably had trouble getting across Market Street to get in here this noon; we can’t even build a BART System on schedule.

Should America just slow down and give up this space venture?

Well, I had a very interesting discussion with the Reverend Ralph Abernathy on the night before we launched Apollo 11 to the moon, outside the gates of Cape Kennedy. He had come down with his mule train and his hunger marchers to dramatize his movement and protest the fact that the United States would set the priority of going to the moon before solving other problems. And we stood in an open field beneath a cloudy sky to discuss this.

He told me that he felt that the moon program provided an example that other programs in this country should follow. He wanted to see the same sense of commitment and urgency in social areas. And I told him that we certainly had no quarrel with that. . . .

So I would like to see the question of priorities in this country restated; it is not a question of “priorities”, that is which one thing do we do first, but of percentages. We are the mightiest and the wealthiest, most technologically advanced nation in the world—the greatest and most capable nation that has ever existed. We can and we must do many things simultaneously. . . .

JUSTICE TAYLOR: . . . Is it not possible that future historians will conclude that America fiddled with space while earth burned?

DR. PAINE: No, absolutely not. The model of America that’s implied by such a defeatist question is that we’re a tiny little country, not that we’re the greatest, wealthiest, most competent nation in history. The implication of the question is that if we go out in space, we certainly can’t feed our people, can we? We have to make a choice, set a priority.

My own vision of the United States is as a far more vigorous country. And in fact, I think if you look at the history of this nation, we have made our major technological advances during times when we were heavily pressed in many other fields. . . .

The United States is a country which either does a lot of things simultaneously, or stagnates, loses its drive, and doesn’t do anything simultaneously. And I would remind you of the great depression that preceded World War II, when for a decade we didn’t move ahead socially, economically, artistically, or even prepare much-needed defenses—and we didn’t do the technical things we might have done. So I’m sure that if, indeed, the American people decide that this nation is not capable of mounting a space program in the 70’s and 80’s, they’ll also decide it can’t do many other things. Those people who say that discontinuing a vigorous space program would give us a chance to rebuild our cities, restructure our social order, or attempt other major ventures, would be sadly disappointed. If we turn back from the challenge of space, we will not do these things either.

Source: “Remarks at the Commonwealth Club, San Francisco, California.” August 1, 1969. Paine Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037758%20-%20508%20pass.pdf
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1. Voskhod 2 was referred to in internal Soviet documents as Vykhod, having the apt meaning “egress.” The public use of this name might well have further confused Western observers into wondering whether the Soviets had developed yet a third manned spacecraft design.

2. Mission substitutions such as this, as well as missions proposed but not funded, and even entire programs planned but eventually cancelled, are the “underwater iceberg” of space history, not often discussed, yet crucial to a thorough understanding of the subject. For every manned mission flown, dozens never got off the ground, yet they figured into the decision-making which led to the missions actually flown. For more information, visit the author’s Atlas of an Undiscovered Country at http://ops-alaska.com/projects/Time_Map.html.

3. The skip-lob reentry profile, which was also used on Apollo lunar missions, greatly reduced the acceleration forces subjected to the spacecraft and any crew aboard, in contrast to a ballistic plunge into the Earth’s atmosphere.


Chapter 4: After the Moon, What’s Next? (1970s)

By the end of 1972, the Apollo program accomplished six human expeditions to the lunar surface. Wernher von Braun’s Saturn V had a perfect record of 13 successful missions (including the launch of Skylab the following year). But America had undergone yet another cultural shift as the optimism of John Kennedy’s “New Frontier” turned to a dispirited weariness under the weight of political assassinations, race riots, and the protracted Vietnam War. As men walked on the Moon, Americans looked up from bloodstained jungles and burning ghettos to ponder what it all meant. The space program cost a tiny fraction of what it cost to wage an interminable war across the Pacific Ocean, but politicians found it convenient not to explain this to their constituents, and NASA became an easy target for budget cuts. Historically, U.S. citizens have guessed that NASA’s budget accounts for about 10 percent of the total federal budget; in fact, NASA’s budget peaked at 4.5 percent in 1966, and since then it has dwindled to half a percent.

From NASA’s beginning, elements within the agency had considered the Moon as only a step on the way to sending humans to the nearby planets Venus and Mars. In their youth, von Braun and his German team had read Kurd Lasswitz’s Auf Zwei Planeten (“On Two Planets”), while their English-speaking colleagues had read Edgar Rice Burroughs’s novels of Mars and Venus, the essays of Percival Lowell, and C. S. Lewis’s space trilogy. These writings portrayed Venus as a warm, jungle world, and Mars as a cool, desert world, climates not inhospitable to humans, and science fiction novelists of the 1940s and 1950s such as Arthur C. Clarke, Robert A. Heinlein, and Ray Bradbury continued this literary tradition. Von Braun predicted in November 1960, “It is entirely conceivable that within our lifetimes rocketships will be transporting people to vacations in space, and that some of the famous European spas will be competing with new spas on Venus.” However, in December 1962, the automated U.S. probe Mariner 2 detected a temperature of about 216.9°C (422.3°F) on the dark side of Venus, and its daytime temperatures were even hotter. Although landing humans on Mars was technically possible, in July 1965, Mariner 4’s cameras revealed Mars to be pockmarked with craters like the Moon, suggesting to the public an equally lifeless and uninteresting world. Nevertheless, in August 1965, mindful of the nuclear sword of Damocles that hung over humankind, von Braun urged in regard to landing humans on Mars in a Strangelovian sales pitch, “I say let’s do it quickly and establish a foothold on a new planet while we still have one left to take off from.” To some degree, space exploration was a victim of its own success, for it revealed our neighboring worlds to be far from idea real estate on which to establish human settlements: Venus was not a tropical paradise; Mars was not a new venue for Manifest Destiny as portrayed in Bradbury’s The Martian Chronicles.

Yet von Braun persisted, and NASA’s contractors continued to plan manned missions.1 On August 4, 1969, only two weeks after the first human mission to the surface of the moon, von Braun pitched a humans-to-Mars project to the White House’s Space Task Group, which if funded, would have landed humans on Mars in 1982.2 All that was needed was the political will to appropriate the funds. That did not exist. NASA’s budget had already been in a steep decline for two years, and in that fiscal environment, even continued manned lunar exploration was impossible. All that NASA could look forward to was flying out the Apollo/Saturn vehicles that had already been appropriated; there would be neither bases on the Moon nor stations in lunar orbit. Its grand vision for an Apollo Applications Program to exploit the infrastructure and hardware that it had developed for the lunar program was reduced to sending three crews to Skylab in 1973. It was analogous to tearing down the Golden Gate Bridge only a couple of years after it opened. In frustration, von Braun retired from NASA in May 1972.

NASA was forced to retreat to near-Earth space. It cast about for a credible rationale to rescue the manned space program from extinction and found one in the concept of a reusable Space Shuttle, a system that would be inexpensive to operate and would render spaceflight routine. The idea had been around at least since 1964. The manned Shuttle would be a profit center for NASA as it charged customers for launching communications satellites and other commercial payloads; in essence, the customer base for NASA’s launch services would subsidize continued manned spaceflight. In addition to the Space Shuttle, a piloted Space Tug system would carry satellites out to geostationary orbit, and even to the Moon should such missions be funded. Also, the Shuttle would be used to construct, resupply, and rotate crews to and from a permanent Space Station. The Space Shuttle, the Space Tug, and the Space Station would comprise the Space Transportation System triad.

To finance the further studies needed to develop this concept, NASA diverted funds from what was now a dead-end Apollo program and canceled the Apollo 18 and Apollo 19 lunar landing missions.3 NASA could not afford to even fly a second series of Skylab missions, although the flight articles were already built.4 NASA sought to expand the Space Shuttle program’s political constituency and attract a broader bureaucratic buy-in, thereby better assuring its financial stability during its development years, by soliciting the Department of Defense for its performance requirements. First, of course, the Space Shuttle’s payload bay had to accommodate the Air Force’s newest photoreconnaissance satellite, Hexagon, popularized in Aviation Week and Space Technology as Big Bird.5 The Air Force’s attempts to have its own manned space program had been repeatedly frustrated. In the Space Shuttle, the DoD would have the runway landings from space, which had been the goal of its X-20 Dyna-Soar program, canceled in 1963. It would also be able to have its own corps of military astronauts perform classified missions, which had been the purpose of its Manned Orbiting Laboratory, canceled in 1969. Some of these missions required near-polar orbits known as sun-synchronous orbits, which were accessible by launching from Vandenberg Air Force Base but not from Cape Canaveral; however, Space Shuttle launch safety criteria required that the orbiter be able to perform a “once around abort” and return to Earth after one revolution. This was much more difficult to do from Vandenberg Air Force Base, as it required the orbiter to have large wings to maneuver 898 kilometers (558 miles) cross-range to land at Edwards Air Force Base. Large wings meant more dead weight during launch, and therefore a larger and more expensive launch vehicle.

The Nixon administration was mindful of the austere fiscal environment with which NASA would have to learn to make do. The Space Station and the Space Tug would have to be deferred.

The type of scientific investigation astronauts would otherwise perform on the Space Station would instead be performed in Spacelab, an ensemble of modules developed by European Space Research Organization (later the European Space Agency), which would remain captive in the Space Shuttle’s capacious payload bay. Rather than a manned Space Tug, NASA would develop the less expensive Interim Upper Stage.6 A fully reusable Space Shuttle would cost too much to develop, and even developing new liquid-propellant boosters for the Space Shuttle would be too expensive. In the end, NASA had to accept the simplicity but lower efficiency of the Solid Rocket Boosters, which would be reusable as would be the Orbiter, but the External Tank containing liquid oxygen and liquid hydrogen to feed the Space Shuttle Main Engines would be expendable. Also, what NASA had originally envisioned as a fleet of ten Orbiters was reduced to only five. Even so, NASA projected that the system could launch as many as 80 flights per year; it had to, otherwise the projected economies of scale could not be realized and the goal of reducing the cost per pound of payload to orbit by 90 percent would not be achieved. Each Orbiter was designed to fly as many as 100 missions, and the entire system would fly as many as 840 missions by the end of 1991,7 by which time, presumably, a more advanced, fully-reusable system would be phased in.

At first, NASA projected that the system would be flying in the second half of 1975, which meant that there would be less than a two-year gap between the end of the Apollo/Saturn-based Skylab series and the beginning of Space Shuttle flights, but by October 1970 the scheduled debut of the Space Shuttle had slipped to 1977; a few months later the schedule slipped into 1978. NASA felt that a “gap filler” mission was necessary to retain the personnel necessary to support manned spaceflight. The Apollo-Soyuz Test Project, which could be flown in 1975, conveniently filled the gap, as well as serving the foreign policy goals of the Nixon administration as a symbol of détente with the Soviet Union.

After losing the race to the Moon, the Soviet manned space program turned to focusing on space stations. The first station, Salyut, was home to the crew of Soyuz 11 for a record 23 days; however, Georgy Dobrovolskij, Vladislav Volkov, and Viktor Patsayev were killed during their return to Earth on June 29, 1971, when their spacecraft lost air pressure. Meanwhile, if returning the crew of the crippled Apollo 13 safely to Earth in April 1970 had been NASA’s finest hour, the race to save the damaged Skylab was arguably its second finest. Although no lives were on the line when the space station’s micrometeoroid shield and one of its solar arrays were stripped off during its unmanned launch on May 14, 1973, during the next few days, temperatures soared inside the station, threatening to spoil scientific experiments as well as the food meant to sustain its visiting crews for months. The excessive heat also caused plastic components of the station’s interior to outgas toxic fumes. If Skylab A had to be written off, it would cost more than a billion dollars to launch the backup Skylab B. The launch of the first crew was delayed for 10 days as engineers worked furiously to devise equipment and procedures to repair the space station, and Pete Conrad’s crew tested them in simulated weightless conditions underwater. The effort paid off spectacularly. Conrad’s crew deployed a solar shield that brought down interior temperatures, and freed a stuck solar array, thereby boosting the station’s electrical power by half. The repair work accomplished, the crew got down to the routine of carrying out its assigned scientific tasks and completed its scheduled 28-day mission. Two successive crews remained aboard Skylab for 60 and 84 days. Skylab was the only fully-American space station; it would be a quarter century before the first U.S. module of the International Space Station was launched.


NASA FUTURE PLANS NEWS CONFERENCE (JANUARY 13, 1970)

After landing on the Moon, what would be next for the U.S. space program? Americans were growing tired of the cost. The country had met President Kennedy’s goal, and had beaten the Soviets. Some questioned whether the cost of space travel was worth it, and the allure of the Moon began to fade.

To meet the demands of a smaller budget and less public interest, NASA had to switch gears. While Apollo missions would continue until 1972, other programs were reduced or cancelled.

At this press conference, NASA Administrator Thomas Paine outlined the plans for NASA for the fiscal year 1971 and beyond.



We recognize the many important needs and urgent problems we face here on earth. America’s space achievements in the 1960s have rightly raised hopes that this country and all mankind can do more to overcome pressing problems of society. The space program should inspire bolder solutions and suggest new approaches. It has already provided many direct and indirect benefits and is creating new wealth and capabilities.

A strong space program continues as one of this nation’s major national priorities. However, we recognize that under current fiscal restraints NASA must find new ways to stretch out current programs and reduce our present operational base. NASA can move forward strongly while still achieving greater economy in 1971. This is the management challenge which we in NASA face, and I am confident that we can meet it. NASA will press forward in 1971 at a reduced level, but in the right direction with the basic ingredients we need for major achievements in the 1970s and beyond. While we will be reducing our total effort, we will not dissipate the strong teams that sent men to explore the moon and automated spacecraft to observe the planets.

In support of the decisions on the NASA FY 1971 budget, I am today taking the following actions:



1. We will suspend for an indefinite period production of the Saturn V launch vehicle after the completion of Saturn V 515.

2. We will stretch out the Apollo lunar missions to six-month launch intervals, and defer lunar expeditions during the AAP space station flights in 1972.

3. We will postpone the launch of the Viking/Mars unmanned lander from 1973 to the next Mars opportunity in 1975.



We already have announced the closing of our Electronics Research Center in Cambridge, Massachusetts. We estimate that the total number of Americans working in NASA program will decline from 190,000 at the end of FY 1970 to about 140,000 at the end of FY 1971.

We can and we will fit our space program into the required budget constraints, and accept the challenge of restructuring the program without sacrificing forward vision. Let me describe some of the positive aspects of our vigorous U.S. space effort for the Seventies.

We will fly out the Apollo expeditions to the moon through Apollo 19 as planned, giving us seven more lunar voyages. One Saturn v previously scheduled for an Apollo flight to the moon will be used to launch our first experimental AAP space station into earth orbit in 1972.

We will orbit Mars with two unmanned spacecraft in 1971. We will send our first probe out to Jupiter in 1972. We will send a spacecraft past Venus to Mercury in 1973. Despite the delay in the unmanned Viking lander which will now be launched to Mars in 1975 and arrive early in 1976, this is a far-ranging and effective planetary exploration program. We will also continue to fly the scientific satellites which are bringing us so much new information about the universe.

We will start design of the reusable space shuttle. This rocket plane will be able to take off vertically and land horizontally. It will travel between the earth’s surface and orbit on a regular schedule, carrying men and supplies to and from space stations at low cost. This space transport will be suitable for a wide range of future scientific, defense, and commercial uses.

The first experimental space station—using present-day Apollo technology—will be launched in 1972 as previously planned. This AAP program will emplace a large workshop in orbit in which men will learn how to perform useful tasks in space over periods of several months. The major scientific experiment will be a large solar telescope which astronauts will use to study solar phenomena for extended periods using wave lengths which cannot be observed from earth. The 1971 budget will also enable us to move ahead with the design of an advanced space station, which will provide a permanent base for men in earth orbit.

We will move ahead to provide nuclear power for space. Chemical rockets and electrical power have sufficed for the initial space ventures of the 1960s, but we will need to harness the power of the atom. The 1971 budget allows us to continue work on the joint NASA-AEC NERVA project.

We will hasten practical earth applications of space technology. The 1971 budget allows us to proceed with the previously approved earth resource technology satellites which can help in such varied tasks as surveying crops, locating mineral deposits, and detecting air and water pollution, and show us how to use satellites to assess our environment and use our resources more effectively. The budget also provides for advances in other applications of space-related technology in fields such as meteorology and communications.

These program elements will produce a space program for 1971 which, although austere, is forward looking and contains the basic ingredients needed for an effective space program in the 1970s. It will extend our space capabilities, expand our scientific knowledge, and make available new applications of benefit to people here on earth.

Source: “NASA Future Plans News Conference.” January 13, 1970. Press Conferences file. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000037763.pdf

PRESIDENT NIXON’S STATEMENT ON THE FUTURE OF THE SPACE PROGRAM (MARCH 3, 1970)

In this statement, President Nixon codified Administrator Paine’s previous message: the space program would continue but with a smaller budget and more restraint. Nixon also suggested sharing the costs of space exploration with other countries. Despite the restrictions, NASA aimed to carry on with programs of planetary exploration, scientific research, and practical application.



Over the last decade, the principal goal of our Nation’s space program has been the moon. By the end of that decade men from our planet had traveled to the moon on four occasions and twice they had walked on its surface. With these unforgettable experiences, we have gained a new perspective of ourselves and our world.

I believe these accomplishments should help us gain a new perspective of our space program as well. Having completed that long stride into the future which has been our objective for the past decade, we must now define new goals which make sense for the seventies. We must build on the successes of the past, always reaching out for new achievements. But we must also recognize that many critical problems here on this planet make high priority demands on our attention and our resources. By no means should we allow our space program to stagnate. But—with the entire future and the entire universe before us-we should not try to do everything at once. Our approach to space must continue to be bold—but it must also be balanced.

When this administration came into office, there were no clear, comprehensive plans for our space program after the first Apollo landing. To help remedy this situation, I established in February of 1969 a space task group, headed by the Vice President, to study possibilities for the future of that program. Their report was presented to me in September. After reviewing that report and considering our national priorities, I have reached a number of conclusions concerning the future pace and direction of the Nation’s space efforts. The budget recommendations which I have sent to the Congress for fiscal year 1971 are based on these conclusions.

THREE GENERAL PURPOSES

In my judgment, three general purposes should guide our space program.

One purpose is exploration. From time immemorial, man has insisted on venturing into the unknown despite his inability to predict precisely the value of any given exploration. He has been willing to take risks, willing to be surprised, willing to adapt to new experiences. Man has come to feel that such quests are worthwhile in and of themselves—for they represent one way in which he expands his vision and expresses the human spirit. A great nation must always be an exploring nation if it wishes to remain great.

A second purpose of our space program is scientific knowledge—a greater systematic understanding about ourselves and our universe. With each of our space ventures, man’s total information about nature has been dramatically expanded; the human race was able to learn more about the Moon and Mars in a few hours last summer than had been learned in all the centuries that had gone before. The people who perform this important work are not only those who walk in space suits while millions watch or those who launch powerful rockets in a burst of flame. Much of our scientific progress comes in laboratories and offices, where dedicated, inquiring men and women decipher new facts and add them to old ones in ways which reveal new truths. The abilities of these scientists constitute one of our most valuable national resources. I believe that our space program should help these people in their work and should be attentive to their suggestions.

A third purpose of the United States space effort is that of practical application-turning the lessons we learn in space to the early benefit of life on earth. Examples of such lessons are manifold; they range from new medical insights to new methods of communication, from better weather forecasts to new management techniques and new ways of providing energy. But these lessons will not apply themselves; we must make a concerted effort to see that the results of our space research are used to the maximum advantage of the human community.

A CONTINUING PROCESS

We must see our space effort, then, not only as an adventure of today but also as an investment in tomorrow. We did not go to the moon merely for the sport of it. To be sure, those undertakings have provided an exciting adventure for all mankind and we are proud that it was our Nation that met this challenge. But the most important thing about man’s first footsteps on the moon is what they promise for the future.

We must realize that space activities will be a part of our lives for the rest of time. We must think of them as part of a continuing process—one which will go on day in and day out, year in and year out-and not as a series of separate leaps, each requiring a massive concentration of energy and will and accomplished on a crash timetable. Our space program should not be planned in a rigid manner, decade by decade, but on a continuing flexible basis, one which takes into account our changing needs and our expanding knowledge.

We must also realize that space expenditures must take their proper place within a rigorous system of national priorities. What we do in space from here on in must become a normal and regular part of our national life and must therefore be planned in conjunction with all of the other undertakings which are also important to us. The space budget which I have sent to Congress for fiscal year 1971 is lower than the budget for fiscal year 1970, a condition which reflects the fiscal constraints under which we presently operate and the competing demands of other programs. I am confident, however, that the funding I have proposed will allow our space program to make steady and impressive progress.

SIX SPECIFIC OBJECTIVES

With these general considerations in mind, I have concluded that our space program should work toward the following specific objectives:

1. We should continue to explore the moon. Future Apollo manned lunar landings will be spaced so as to maximize our scientific return from each mission, always providing, of course, for the safety of those who undertake these ventures. Our decisions about manned and unmanned lunar voyages beyond the Apollo program will be based on the results of these missions.

2. We should move ahead with bold exploration of the planets and the universe. In the next few years, scientific satellites of many types will be launched into earth orbit to bring us new information about the universe, the solar system, and even our own planet. During the next decade, we will also launch unmanned spacecraft to all the planets of our solar system, including an unmanned vehicle which will be sent to land on Mars and to investigate its surface. In the late 1970’s, the “Grand Tour” missions will study the mysterious outer planets of the solar system-Jupiter, Saturn, Uranus, Neptune, and Pluto. The positions of the planets at that time will give us a unique opportunity to launch missions which can visit several of them on a single flight of over 3 billion miles. Preparations for this program will begin in 1972.

There is one major but longer-range goal we should keep in mind as we proceed with our exploration of the planets. As a part of this program we will eventually send men to explore the planet Mars.

3. We should work to reduce substantially the cost of space operations. Our present rocket technology will provide a reliable launch capability for some time. But as we build for the longer-range future, we must devise less costly and less complicated ways of transporting payloads into space. Such a capability-designed so that it will be suitable for a wide range of scientific, defense, and commercial uses—can help us realize important economies in all aspects of our space program. We are currently examining in greater detail the feasibility of reusable space shuttles as one way of achieving this objective.

4. We should seek to extend man’s capability to live and work in space. The Experimental Space Station (XSS)—a large orbiting workshop—will be an important part of this effort. We are now building such a station—using systems originally developed for the Apollo program—and plan to begin using it for operational missions in the next few years. We expect that men will be working in space for months at a time during the coming decade.

We have much to learn about what man can and cannot do in space. On the basis of our experience with the XSS, we will decide when and how to develop longer lived space stations. Flexible, long-lived space station modules could provide a multipurpose space platform for the longer-range future and ultimately become a building block for manned interplanetary travel.

5. We should hasten and expand the practical applications of space technology. The development of earth resources satellites-platforms which can help in such varied tasks as surveying crops, locating mineral deposits, and measuring water resources—will enable us to assess our environment and use our resources more effectively. We should continue to pursue other applications of space-related technology in a wide variety of fields, including meteorology, communications, navigation, air traffic control, education, and national defense. The very act of reaching into space can help man improve the quality of life on earth.

6. We should encourage greater international cooperation in space. In my address to the United Nations last September, I indicated that the United States will take positive, concrete steps “toward internationalizing man’s epic venture into space—an adventure that belongs not to one nation but to all mankind. I believe that both the adventures and the applications of space missions should be shared by all peoples. Our progress will be faster and our accomplishments will be greater if nations will join together in this effort, both in contributing the resources and in enjoying the benefits. Unmanned scientific payloads from other nations already make use of our space launch capability on a cost-shared basis; we look forward to the day when these arrangements can be extended to larger applications satellites and astronaut crews. The Administrator of NASA recently met with the space authorities of Western Europe, Canada, Japan, and Australia in an effort to find ways in which we can cooperate more effectively in space.

It is important, I believe, that the space program of the United States meet these six objectives. A program which achieves these goals will be a balanced space program, one which will extend our capabilities and knowledge and one which will put our new learning to work for the immediate benefit of all people.

As we enter a new decade, we are conscious of the fact that man is also entering a new historic era. For the first time, he has reached beyond his planet; for the rest of time, we will think of ourselves as men from the planet earth. It is my hope that as we go forward with our space program, we can plan and work in a way which makes us proud both of the planet from which we come and of our ability to travel beyond it.

Source: Public Papers of the Presidents of the United States. Richard Nixon, 1970. Washington, DC: Government Printing Office, 1971, pp. 250–253.

DALE MYERS’ STATEMENT ON THE SPACE SHUTTLE (1971)

Dale Myers was the associate administrator for Manned Space Flight at NASA from 1970 to 1974, and was heavily involved with the Apollo program. He was one of the few people to remain in the program’s management after the Apollo 1 accident, and was at Mission Control when an explosion crippled the Apollo 13 mission. Myers would eventually serve as NASA’s deputy administrator, tasked with revitalizing the program after the Challenger Shuttle disaster.

In this testimony to the Committee on Aeronautical and Space Sciences of the Senate in 1971, Myers explained the planned Shuttle program to senators, including the cost benefits of planned reusability and payload flexibility. NASA saw the Shuttle as the future of the space program, and Myers made his arguments in support of that belief.



I welcome and appreciate this opportunity to express NASA’s views as to why we believe the Space Shuttle is such an important undertaking for this country . . .

Because the shuttle is reusable, its cost per flight is independent of the payload carried; and this is one of the very attractive advantages of the shuttle over expendable boosters . . . [T]he cheapest way to place 28,000 pounds into earth orbit is to use a Titan IIIC launch vehicle at a cost of over $20 million. Our studies so far show that we can operate the shuttle for less than $5 million per flight. The shuttle can perform the task of placing into orbit any payloads ranging from the size of those normally lofted by Thor Delta to a size exceeding those that can be launched by a Saturn IB. In addition, the fact that several smaller payloads such as those in the Scout and Thor Delta Class can be carried at the same time points to another way in which the space shuttle can reduce the cost of space operations. The payload compartment need not be full for the shuttle to be economical, since any class payload now carried by the Thor Delta or larger vehicle can be carried economically after the shuttle system is operational.

The cost of launch operations, however, is only part of the story in reducing the costs of space operations. The cost of payloads (spacecraft and satellites) far exceeds the cost of launch operations. One of the most powerful arguments for the shuttle is the great promise it offers for substantially reducing the cost of payloads. . . . The ability of the shuttle to return payloads from orbit to earth will permit reuse of satellites either in total or in part, and may make economically attractive the use of high cost but extremely long-lived subsystems . . . since the initial cost of such an investment can be amortized over the operating life of several satellites. . . .

Because of the low acceleration levels (3G) persons not trained as astronauts who are in good physical condition can be expected to carry out missions aboard the shuttle. . . .

For the United States, we envision a buildup in space activity as the shuttle becomes operational in 1979 and as experience shows its utility. Although economic studies indicate the shuttle to be an excellent investment even on the basis of the current low U.S. launch rate—less than 40 flights per year—we fully expect that the dramatic reductions in payload costs provided by using a reusable shuttle and the new opportunities afforded by retrieval and return to earth for reuse will attract a large number of users from national and international governmental, commercial, and scientific groups. We foresee the shuttle era as an unparalleled opportunity to effect utilization of space for the benefit of mankind. . . .

The system is launched vertically like a rocket. Until separation, only the booster engines supply propulsion. At separation, the velocity is around 11,000 feet per second. The orbiter separates from the booster at about 40 miles altitude, fires its engines and proceeds into orbit. The booster, its fuel expended, re-enters the atmosphere, extends its turbofan jet engines, ignites them and flies back to the launch site, lands on an air strip and is prepared for its next use. The orbiter deposits its payload in orbit, having checked it out, after all boost vibration is completed, and verified its readiness for the intended mission. Depending on the nature of the mission, the orbiter may remain in orbit for as long as seven days with a crew servicing the payload or conducting whatever activities might have been planned for the mission, or may return immediately to earth after launching the payload and completing post-launch check-out. . . . The orbiter may return to the same launch site as the booster or to some other designated landing site. If it lands at an alternate site, it will fly back to the launch site with turbojets, exactly like an airplane. Maintenance of the orbiter and its various systems, including the thermal protection system, will then take place and within two weeks the shuttle will be ready for reuse. The capability to operate in this manner is contingent upon our ability to design and develop a system with reusable and/or easily replaceable systems. . . .

In summary, the results of our studies of the Space Shuttle to date permit us to make the following observations and conclusions:



(1)The shuttle is a cost-effective launch vehicle that will show a return on investment, in economic terms, of greater than 10%.

(2)New and rewarding uses are being found for the shuttle as its impact on payload design and utilization become better understood by users.

(3)The technology program on which the success of the shuttle depends is progressing.

(4)Our studies are proceeding as planned and all indications are that we will be ready for major decisions this summer.

Source: “Statement on the Space Shuttle by Dale Myers.” 1971. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000041496.pdf

GEORGE LOW, “SKYLAB: MAN’S LABORATORY IN SPACE” (MAY 17, 1971)

George Low was the deputy administrator of NASA from 1969 to 1976. He was instrumental in programs including the Space Shuttle, Skylab, and the Apollo-Soyuz Test Project. As part of the plan to keep NASA employees after the Moon landing, NASA began planning seriously for scientific missions, including a potential space station. It was meant for short-term occupancy; the plan was to have three separate missions, no longer than eight weeks each. Skylab would launch on May 14, 1973; it suffered severe damage but was fixed during the first manned mission later that month.



So the time has come to learn how to live and work in space. The 14-day Gemini 7 flight in 1965, and the 18-day Soyuz flight in 1970, provide a beginning. We have learned about atmosphere and diet, about confinement and exercise, and about the very subtle changes in blood chemistry and bone composition that take place in these short flights. We have some of the answers, but we have many more questions. Why did the Soyuz 9 pilots report post-flight difficulties that we did not see after Gemini 7? Was it the difference in spacecraft atmosphere? Or the lack of sufficient exercise? Or is there really a substantial difference in man’s reaction to space when he increases his exposure from 14 to 18 days? What are the precise mechanisms that change the chemistry of the human body when the earth’s gravity is absent? Can these changes be controlled, or must we provide artificial gravity?

We think we know the answers to many of these questions, but we cannot be sure. There is no laboratory on earth that can provide the answers. And this, of course, is why SKYLAB is so important. SKYLAB is our first laboratory in space—our first experimental space station. Nine men will fly in it, in three separate flights of three men. The first visit to the laboratory will be for four weeks, the second and third, each for eight weeks. At least one of the men, and perhaps even two, will be doctors. Others will be engineers and scientists. They will not be medical guinea pigs; they will conduct important experiments in solar physics and in earth resources survey, as well as in medicine. For we believe that there is only one way to learn about man’s capabilities in space, and that is to let him live and work in space on real tasks, on tasks that are of first importance to him and to his colleagues back on earth.

By far the largest manned spacecraft we have ever built, SKYLAB is the forerunner of future permanent stations in space. In orbit 435 kilometers above the Earth, the SKYLAB cluster will be 36 meters long and will weigh 82,238 kilograms. One of its major components will be a workshop with 362 cubic meters of work area. Other parts will include a Multiple Docking Adaptor, Airlock Module, Apollo Command and Service Module, and an Apollo Telescope Mount, the last of these a full-fledged solar observatory capable of observing, monitoring, and recording phenomena on the Sun’s surface that cannot be seen from Earth.

In all, SKYLAB will carry out from Earth orbit about 50 scientific, medical, applications, and solar astronomy experiments. Twenty of these will be in the life sciences, to determine how man performs and adjusts under conditions of prolonged space flight. The study of materials and manufacturing will be another area of interest. By means of an electron beam generating device and an electric furnace, metals will be melted, molded, and welded, and other metallurgy and crystal tests performed in a work chamber exposed to zero gravity and the vacuum of space. Weightlessness will offer an extensive opportunity to alter chemical and physical processes, as well as to manipulate materials in unprecedented fashions.

During the 28 days the first crew will be on board, biomedical investigations will be emphasized and the habitability of the workshop will be evaluated. Sixty days later, the second crew will center its attention on the solar astronomy experiments and the Earth Resources Experiments, the latter designed to observe the Earth in the thorough manner that the telescope observatory is expected to scan the Sun. The third crew, coming on duty 30 days after the second returns, will concentrate on solar observations, as well as on the earth resources and medical tests. . . .

But why man? Why not do these things with machines? What is it about man’s physical and mental capabilities which separate him from machines? Here are some of his attributes: he can discriminate, filter, manipulate, cope with the unplanned, and analyze or interpret all in near real time. He can react to targets of opportunity in photographic experiments; make repairs or adjustments to malfunctioning systems; eliminate nonessential data; and make judgements on the validity of automated information systems. He has a tremendous ability to adapt and react to the immediate past. These qualities have made man unique in his laboratories on earth, and they will continue to make him unique in his laboratories in space.

In the future, beyond SKYLAB, we see permanent laboratories in space—laboratories of vastly greater capability than SKYLAB. And perhaps men of all nations will work together in these laboratories, to bring about the full meaning to our international cooperation in space, and to help humanity unite on its planet Earth. Can there be a more hopeful way?

Source: “Low Speech-Skylab, Man’s Laboratory in Space.” May 17, 1971. Low Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000042117.pdf

JAMES FLETCHER’S SPACE PROGRAM FOR THE SEVENTIES (SEPTEMBER 23, 1971)

As the country moved on from the excitement of the Moon landing, NASA found itself having to fight for funding. In this speech to the National Security Industrial Association, James Fletcher, the fourth NASA administrator (and later the seventh as well) justifies the Shuttle program as being beneficial to many different groups within the country. He appeals to the country’s desire for exploration, leadership, economic opportunity, and international cooperation. He also mentions the beginnings of cooperation with the Soviet Union, without discounting the country’s fears of falling behind.



I am rather optimistic about the future, at least of NASA programs in both space and aeronautics.

After some years of planning, we now believe that we have very sensible goals, we have good ongoing projects, and the approved new starts which, taken together, make a package which I think is worthy of the name, at this point at least, “America’s Space Program for the Seventies”.

This program has been crystallizing over the last several months. But if you want a birthdate for the new program I would have to say it was on August 6, 1971, when NASA’s appropriation for FY 1972 was signed into law.

I am impressed with the soundness of this new space program for the seventies and I urge you to support it. I also believe very much that the country needs it.

Here are some of the strengths of the program as I see it:



•Perhaps the most important strength is that Congress backs it.

•It is well planned and it is well balanced to meet basic national needs, including important national security needs.

•It does stress Earth orbit as a new realm of prime importance and great opportunity, where America’s capacity for world leadership will be tested not only in this decade but in the decades to follow.

•It promotes economic progress based on new technology.

•It is essential to the President’s peace policies based on international cooperation.

•It is already part of America’s destiny, as all of you can testify who watched the Apollo 15 operations on international television.



Now let’s look at these strong points in some detail:

Our program, as I said, received a firm endorsement from Congress. The appropriation for FY 1972 was 99.94 percent of the amount requested. Attempts to kill the Space Shuttle and to stop Space Station studies were both defeated by very large majorities, two to one at least, in both House and Senate. We were authorized to begin development in this fiscal year of three major new programs for this decade—the Space Shuttle, the Outer Planets Spacecraft, and the High Energy Astronomical Observatory.

Our new program is well planned, and already, I believe, well pruned.

The new program is also logical. It is a logical follow on to the great—in my humble opinion—technological pioneering that we did in the Sixties. It is the logical lead-on for more intensive and more economical uses of space in the Eighties and the Nineties.

The new program is balanced in what I think are five very distinctive but important ways:

1. We do not have one dominating goal, but several. Last decade it was Apollo. This time we have several. We are building new spacecraft to explore the planets, to gain scientific knowledge, and to accelerate the flow of practical benefits.

2. We have struck a balance between using present technology for immediate benefits and developing new technology for future benefits. This is a most important kind of a balance, perhaps the most difficult to achieve and maintain in any government-sponsored program. There is always a temptation, when budgets are cut (this is not unique to government; it is also true in industry) to neglect the new technology for future use in favor of current benefits. But I believe that such short-sightedness could prove very costly to the Nation in the long run.

The Space Shuttle is a good example of a major investment over a long term for future benefits. Basically it is a seven-year investment and most of the benefits will be achieved in the 1980s. We have given it a high priority and we want to keep it on that high priority.

3. Our current program is also balanced on the old and some times highly emotional question of men versus machines in space. We don’t put undue stress on either manned or unmanned systems. We intend to use both, choosing whichever is most natural for any particular assignment, or combining the two as the occasion demands. . . .

The manned Shuttle will do much more than just “put” machines in orbit; the men in the Shuttle will check out the automated spacecraft, deploy them, repair them, and retrieve them for return to Earth as necessary. And those of you who are in both the commercial and the military end of the spacecraft business know that many of our spacecraft could be rejuvenated if we had some way to go up there and bring them back. When appropriate, the Shuttle will take scientists right into space along with their experiments. . . .

4. Our current program is also balanced to meet national defense needs as well as civilian needs. This is part of our charter, and applies especially to the Space Shuttle and to the Space Transportation System of which the Shuttle is a part. For example, about 50 per cent of the Shuttle payloads, we believe, at least, will be military payloads.

5. Another kind of balance that is perhaps more interesting to you, particularly if you worry about budgets, is the balance we have between the very urgent need to develop a program that our Nation can be proud of and the well recognized need to be thrifty in the commitment of our major national resources.

National priorities have changed since the Sixties, and NASA’s planning has been responsive to these changes. This results in a planned maximum expenditure for the immediate future more austere than peak expenditures in the Sixties by a factor of almost two. This, I believe, is being responsive to the changing priorities. . . .

I believe that the new space program for the Seventies has an important contribution to make at this time to the American economy. I think I can say that our program fits in well with what the President wants—and what we all want, I believe—America to be: strong, productive, competitive, and confident, and, what I believe is more important still but hard to put into words, imbued with a sense of destiny. . . .

Technology, in my judgment, has made this country great and will keep it great. It is certainly true that we need adequate political controls and, if possible, social controls to keep technology the servant of man, and not his master. But nevertheless new technology we absolutely need to assure jobs and a better life for all Americans in the decades ahead. . . .

For all these reasons, I tend to discount the loose talk that you often hear about the country’s alleged “disenchantment” with the space effort. I believe that our current sensible, balanced, applications-oriented program for the Seventies will continue to earn the enthusiastic support of the Administration, the Congress, and the American people.

Space exploration and use have become the destiny of a pioneering nation. That’s not the first time that has been said, but I think it needs to be re-said. We here today know this. I believe that the American people, in their wisdom, are beginning to sense this, too.

I don’t believe many of our fellow citizens would say yes to a pollster who asked whether they wanted to default to the Russians in space, and make Earth orbit off limits to Americans.

The space program for the Seventies increases opportunities for significant international cooperation—this is the other aspect of the President’s policy—with both the Soviet Union and Western Europe and other friendly countries, particularly Japan.

Space cooperation which shares costs and benefits, including the opportunity for other countries to work with us at the leading edge of aerospace technology, is a basic element in the President’s foreign policy.

I am very much encouraged with the progress we have made in recent talks with the Soviets on the possibility of greater cooperation between our two countries.

They have suggested that we consider a docking with one of our command and service modules and one of their more advanced Salyuts, which they have not described to us but nevertheless plan for 1974; and we are seriously considering that mission.

When we have developed a large Space Station, we could send American astronauts and scientists to live and work in space with representatives of many countries from all over the world. . . .

We fully intend the Shuttle to become a classic example of the finest kind of technological planning and management; and we will make every effort to hold down the development costs and the annual expenditure rates.

I think it is important, however, that the American people who are paying the bill fully understand that the basic purpose of the Shuttle is to sharply upgrade the capabilities of this Nation to use space, for both civilian and military purposes, and also for national and international missions, for several decades in the future.

Source: “Fletcher Speech - Space Program for the Seventies.” September 23, 1971. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038098.pdf

NASA PRESS CONFERENCE ON THE SPACE SHUTTLE PROGRAM (JANUARY 5, 1972)

In early 1972, President Nixon gave the final go-ahead to the Space Shuttle program NASA had been proposing for several years. In this press conference, NASA Administrator James Fletcher and Deputy Administrator George Low answer questions about the Shuttle program. While many of the answers are repeated from previous discussions, the questions show the mood and interest of the general public in the Space Shuttle program at the time.



MR. WARREN: The President met this morning for 45 minutes with Dr. Fletcher, Administrator of NASA, and Dr. George Low, the Deputy Administrator.

This meeting was to discuss the possibilities of future initiatives in the area of manned space exploration, and as you know now, the decision was made to proceed with the space shuttle. The President’s statement outlines the importance he attaches to this decision.

DR. FLETCHER: Good morning. This decision by the President is a most historic step in the history of the space program in that it gives man for the first time the capability of routinely, and at a moment’s notice, when necessary, of getting to and from space with either men or equipment. This all can be done within the framework of a space program which is useful in science applications and exploration, and can be fit essentially into what is today’s budget.

There are perhaps four main reasons why this space shuttle is important and is the right step in the manned space flight and the U.S. space program. These statements are outlined, I believe, in your fact sheet and in the supplementary material, but very briefly, they are, first, the shuttle is the only meaningful new manned space program which can be accomplished on a modest budget.

Second, the space shuttle is needed to make space operations less complex and less costly.

Third, the space shuttle is needed to do many useful things.

Fourth, the shuttle will encourage greater international cooperation in space flight.

The President is particularly anxious that I stress the international aspects of this. This program will be open to all the nations of the world, and it is his hope, some day that foreign visitors from all over the world will be able to participate by moving to and from space in the space shuttle.

Q: Will this space shuttle have the capability of intercepting and, if necessary, destroying other Earth-orbiting satellites?

DR. FLETCHER: The mission of the space shuttle is primarily a peaceful one. On the other hand, the military has, of course, great interest in this, and I think that it is not determined by them what use they will make of it. I think it is even possible that they will have their own version of the shuttle when the time comes, so we can separate out the peaceful use.

Q: Have any foreign governments indicated interest already in participating in this program, and which ones?

DR. FLETCHER: Yes. There are two kinds of participation: participation in the development and participation in the use. All of the nations of the world that I have had any contact with are interested in the use of the shuttle. They all have missions that would be applicable to the shuttle, or that the shuttle would be useful for.

In the development, however, the entire European Community, as related by ELDO and ESRO, are interested in participating financially as well as actually in the development of the shuttle. We have had a series of discussions over the last more than a year, and so far they haven’t made a commitment as to which aspect of it they would like to participate in.

Q: Is the Soviet Union headed in this same direction, or are they ahead of us?

DR. FLETCHER: I don’t know in which direction the Soviet Union is heading, since they don’t really give us an indication of what their future plans are. I would guess, however, that when the space shuttle is finished, everyone in the world will have to come to us, because of the extremely low cost to orbit the shuttle, and it is quite possible the Soviets would look to doing the same thing themselves.

Q: What is the current status of the space shuttle? Where do we stand now?

DR. FLETCHER: We have just about completed what we call Phase B. We have completed Phase A, which is a preliminary design. Phase B is a more detailed design, and that will be finished about the end of April, and at that time we will be ready to go into what we call Phase C/D, which is the development and the procurement phase, and that is what we are talking about appointing contractors for this summer.

Q: Ultimately, how many shuttles or orbiters do you intend to build: just one; or more than that?

DR. LOW: There are two planned for the development and test program, and then as many as are needed afterward for the operational program. We are thinking in terms of three more.

Q: Doctor, are any of these components designed or built to be compatible with any Soviet space equipment?

DR. LOW: We have had discussions now for over a year concerning the docking mechanism, a compatible docking system for ours and theirs. It is our intention that if these discussions proceed as well as they have in the past, to have in the shuttle, for docking missions, a docking system that would fit with theirs, so that we could, in space, join with them in whatever spacecraft they are flying at that time.

Q. Dr. Fletcher, the President’s statement says we can have the shuttle manned flight by 1978 and operational a short time later. Does that mean the first test would be in 1978 and then the use of the thing would come later?

DR. FLETCHER: Yes, it is now planned that the first manned orbital flight would take place in 1978. The operational definition is always an ambiguous one. We would hope to put it into use shortly thereafter.

Q: What will the space program do between the end of the APOLLO program and the beginning of this one?

DR. FLETCHER: At the present time there are no definitive plans between the end of APOLLO and the beginning of the shuttle, except for the Sky Lab, which will take place in 1973. The Sky Lab is a manned laboratory in low altitude orbit, 250 miles or so high.

After that we have no real plans, but we do have some APOLLO hardware that hasn’t been completely used up and we are thinking about ways in which those pieces of hardware, particularly the command module, could be used.

Source: “White House Press Conference.” January 5, 1972. Press Conferences file. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038113.pdf

JAMES FLETCHER, “NASA’S LONG-RANGE EARTH RESOURCES SURVEY PROGRAM” (JANUARY 25, 1972)

While space travel was still at the top of NASA’s agenda, part of its mission—and the basis of funding—was supporting research on Earth, for the benefit of Earth. In this address to the Panel on Science and Technology of the Committee on Science and Astronautics, House of Representatives, NASA Administrator James Fletcher explained how NASA was assisting research on the resources of Earth from space. By using satellites and high-flying aircraft, NASA hoped to contribute data on pollution, vegetation, and oceans.



We look forward to many other new operational applications coming from our research and development work such as space manufacturing and space power generation; one of the closest in time, we feel, will be in the area of systematic monitoring and measurement of terrestrial phenomena. . . .

As many of you know, NASA, in cooperation with the Department of Agriculture, has conducted measurements concerning the infestation of Southern corn blight. In that experiment we were able to distinguish several different levels of crop stress. From that information, agriculturalists were able to predict the impact of the disease on the Nation’s corn production for the year. This one small example required a very significant effort: The joint university and government team making the analyses worked incredible hours as the data from the high-flying aircraft and ground investigation teams poured in day after day.

. . . This work will lead, in turn, to the development of models of the natural world. Such models are just beginning to emerge, but in limited forms and constrained scope. There are steps being taken in the development of a global atmospheric model which is expected to provide weather predictions on the order of two weeks or more into the future. There are hydrological models in being that help us to predict the dynamics of major river systems such as the Mississippi, and these in turn permit us to take action to prevent catastrophic flooding or, conversely, protect us from overreacting to situations where the danger is more apparent than real. There are theoretical models of oceanic circulation, but they are still very incomplete. Yet the oceans, together with solar radiation, are the driving forces that shape our climate and weather and, by extension, the life of us all. In a sense, every farmer maintains a mental model of his acres, on which he predicts results based on decisions regarding what and when to plant, how to control erosion, and what to expect in the way of climate. When we expand the problem to include diverse social or political factors that is to say, the often conflicting and competing desires and needs of various segments of society—we find that modeling is extremely difficult. We have not learned yet how to deal with non-linear feedback to use cybernetic terms of this complexity. I believe, however, that the experimental program that we are just beginning—with such projects as the Earth Resources Technology Satellite, the meteorological and environmental satellites, our geodetic and earth measuring systems, and our data relay capabilities—will offer a compelling promise for intelligent management of our planetary resources. This will force us to make the quantum jumps necessary to create the kinds of interconnected models of natural and human action that will be essential in the near future. . . .

The ability to observe and measure the phenomena that affect our everyday life—and our living—rapidly, globally, and accurately, is one of the most important products of the space program. In the wise management of all aspects of our planetary home that I am forecasting, I see space as playing a pivotal role. Although we recognize that space systems have inherent limitations, I think we will learn to take the maximum advantage of each of the many techniques which are open to us. And I believe that space systems will provide the critical links that tie together the efficient and systematic implementation of all the observing systems, all of the measuring instruments, and all the sophisticated computer models. Space is also a true driving force in the immediate experimental phase; it is drawing together many disparate communities, many differing viewpoints, by providing a wholly new and unique set of capabilities which must be tested against the needs of those communities. In that testing process . . . some of the hopes for solutions to old nagging problems will be dashed but new approaches that offer even greater promise will be found. After all, if such problems were easily solved, they would have been resolved long ago; it is the hard problems with great potential payoff that are worth working on. But some of these hard problems will turn out to be manageable only because of the unique vantage point of space and through the use of space systems.

The types of investigations cover a broad scope. They include:



•Vegetation surveys, not only to measure crop quantity, quality, and distribution but to use vegetation as an indicator to assess damage produced by highway construction, effectiveness of crop disease control, and the degree of success in reclamation of strip mining areas. These surveys will lead to better management of grazing lands, the detection of breeding locations of destructive or harmful insects such as locusts and mosquitoes, and delineation of coastal wetlands in a truly ecological sense.

•Pollution surveys will deal with coastal waters, estuaries and lakes, haze over major metropolitan areas, and feasibility studies in the measurement of atmospheric particulates on a global scale.

•Measurements of ocean color will be compared with ocean resources in an attempt to aid commercial fishing.

•Repetitive coverage over large areas can provide an opportunity to learn fundamental cause and effect relations governing storm and tidal erosion of barrier islands, the effects of sedimentation and pollution on coastal ecology, and preservation of shoreline assets such as beaches.

•Investigations in land use planning will be conducted at city, county, State and megalopolis levels, not only to obtain up-to-date information on how land is being used today, but to make extrapolations on how future development can best be accomplished.



In addition, investigations will be conducted in a variety of diverse areas such as permafrost and wildlife habitats in Alaska, location of icebergs near the Antarctic continent, and studies of active volcanoes—to name just a few. . . .

We have a very real opportunity before us in the technological sense. We have an equally great challenge in the social and political sense. Technology in the past has been accused of having out-stripped the institutions it serves and of creating more problems than it solves. I think today, in this field, we are at a point where both technology and society are starting even. But we must move vigorously in the political and social areas to assure that all of society benefits to the maximum extent possible from these technological advances.

Source: “Fletcher Speech - NASA’s Long-Range Earth Resources Survey Program Address.” January 25, 1972. Fletcher Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038118%20-%20508%20pass.pdf

NASA NEWS CONFERENCE ON THE SPACE SHUTTLE (MARCH 15, 1972)

At a news conference held in Washington, DC, NASA Administrator James Fletcher updated the press on a decision on the Space Shuttle booster system. NASA decided to use “parallel burn,” or two separate boosters, using solid fuel. Also noted was the importance of the launch site location so that those boosters could be recovered and used again later. Reusability is a key part of keeping the space program’s budget in check.



Good afternoon, gentlemen and ladies. . . . As you know, NASA has today made the final decision regarding the shuttle booster configuration. We have decided upon a recoverable, reusable solid rocket, parallel burn booster. We since January have been studying both liquid and solid and have found that both the liquid and solid boosters are technically feasible. The choice was made in favor of the solid parallel burn because of lower cost and lower technical risk.

The cost estimate now for the development of the entire shuttle is $5.15 billion as compared with the previous estimate of $5.5 billion.

We expect to have a request for proposal out to industry this Friday or perhaps the following Monday. We have not yet made the site selection for launch and landing, but we expect to shortly. We have not done so because I have not yet had time to meet with the site selection board, the special board set up by NASA for this purpose.

It does look though at this time as if inland sites are unlikely because of the requirement for recoverability of the booster.

In summary, I think we have made the right decision. We have made the decision at the right time. And I think it is the right price.

Source: “News Conference on Space Shuttle.” March 15, 1972. Myers Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038134.pdf

PRESS CONFERENCE ANNOUNCING THE APOLLO-SOYUZ TEST PROJECT (MAY 24, 1972)

During this press conference, Vice President Spiro Agnew and NASA Administrator James Fletcher announced an agreement with the Soviet Union for cooperation in space. The first project of this cooperation would be a docking of the United States’ Apollo spacecraft with that of the Soviet Union, Soyuz. After years of competition, and despite a failed alliance attempt in 1962 between President Kennedy and Chairman Khrushchev, the Apollo-Soyuz mission would be the first joint U.S.–Soviet space flight. The flight described here would be conducted in July 1975, and would ceremoniously mark the end of the Space Race.



THE VICE PRESIDENT: Today the President signed, with Premier Kosygin of the Soviet Union, some important agreements concerning our space program and their space program. Discussions on this subject have been under way since the fall of 1970 and one of the most interesting of these agreements concerns itself with a joint docking mission, a rendezvous and docking mission which is scheduled to take place in 1975.

These matters of the peaceful use and exploration of outer space are extremely critical to both our nations and we have here with us today, in addition to General McDivitt, Dr. Fletcher, the Administrator of NASA, who will brief you thoroughly on these matters and then answer your questions . . .

DR. FLETCHER: I do have here with me, as the Vice President mentioned, General Jim McDivitt, who is an astronaut and former project manager for the APOLLO program and I also have with me Glynn Lunney, who is the Program Director for the international rendezvous and docking mission.

We, needless to say, are very pleased that the President has been able to meet with the officials of the Soviet Union and to provide what we think is by far the most meaningful cooperation in space achieved ever by these two nations.

We have been discussing the possibilities of cooperation of this sort for some years, particularly intensively for the last two years and as the President has announced, we have jointly agreed to firm many of these tentative commitments into a definitized program and have begun to set up a timetable with the Soviet Union for carrying out some of these events.

Perhaps the most dramatic of these events will be a rendezvous and docking of the Apollo command service module. This is the same module that orbits the moon when the limb descends to the moon and returns. This module then is used to return the astronauts back to earth. The vehicle we will be docking with will be the Soyuz spacecraft, which is the primary manned spacecraft used by the Soviet Union.

These two vehicles at the present time are not compatible. They are not compatible because they don’t have the docking mechanism. They are not compatible because they have different atmospheres. Theirs is a normal atmosphere, ours is a low pressure oxygen, almost pure oxygen atmosphere and there are certain communications and electronics incompatibilities.

In order to make these compatible, we found that the U.S. had to construct what we call a docking module, which is this little device that sits in between the two and the docked device will look something like this. The sequence will be first we will launch on a Saturn 1B, which is an older version of the Saturn missile, both the command service module and the docking adaptor. Then we will make a maneuver at 100 miles or so altitude, much the same as we do with the lunar excursion model, go in and pick out the docking adaptor from the Saturn and then continue on in orbit.

Meanwhile, the Soviets will launch their Soyuz spacecraft and rendezvous or at least move their altitude to something like 150 miles. We won’t be at the same altitude, but hopefully we will be far enough north so too much maneuvering will not be required.

We will then have to perform the rendezvous mission which will be primarily carried out, I suspect, with the equipment developed in the United States. This is guidance and instrumentation designed to bring these two close together. And then they will dock with a new kind of a docking mechanism . . . It is a universal docking system which . . . will apply not only to this particular docking mission, but all succeeding spacecraft that we develop and presumably the Soviets develop, so that we do have the capability, over a long period, of rendezvousing and docking with each other’s spacecraft.

You may wonder why we would proceed that way. There has been a concern for many years that we did not have a rescue capability in case something went wrong in space, that we each would have the option of rescuing the other. Future spacecraft beyond 1975, which is the planned date for this mission, will all have the capability. . . .

All of us at NASA are very optimistic this new cooperative effort in the exploration of space may lead to greatly increased cooperation on still other programs. In my mind it will be the most visible, Soviet-U.S. cooperative effort of any kind in history since it will involve cosmonauts and astronauts working together on a very complex mission in space while the whole world is watching, presumably on television via satellite relay.

Source: “Press Conference of the Vice President Announcing Apollo-Soyuz Test Project (ASTP).” May 24, 1972. Press Conferences file. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038150.pdf

PRESS CONFERENCE ON U.S.-RUSSIA COOPERATION (JUNE 15, 1972)

After returning from three days spent on the Moon, the Apollo 16 astronauts met with President Nixon and NASA Administrator James Fletcher. Apollo 16 was the fifth mission to the lunar surface; the American public was bored. The Apollo-Soyuz project, in which the Soviet Union and the United States would collaborate on a joint docking, was the next adventure. The biggest technological challenge was the docking collar, but as Captain Young mentions, perhaps the larger task was conversing in each other’s languages. The Apollo-Soyuz Test Project was successful; the two spacecraft docked on July 17, 1975, and stayed connected for nearly 20 hours conducting interviews and experiments. However, this cooperation wouldn’t last; it would not be until 1995 that the United States and Russia (no longer the Soviet Union) docked together again during the Mir-Shuttle program.



MR. ZIEGLER: As you know, President Nixon met for about 20 minutes with the NASA Administrator, Dr. James Fletcher, and the three Apollo 16 astronauts, John Young, Charlie Duke, and Ken Mattingly. The Apollo 16 astronauts are in Washington to attend the state dinner tonight for President Echeverria.

You will recall that President Nixon invited the three astronauts to attend the dinner when he talked to them by phone shortly after they returned from the Apollo 16 mission.

Since their Apollo 16 mission, the astronauts have been traveling throughout the United States. By Saturday they will have visited some 21 cities in 13 States, and the District of Columbia.

Today Dr. Fletcher and the Apollo 16 astronauts talked to the President about the joint United States-USSR space agreement which was signed in Moscow on May 24th between the United States and the USSR and confirmed the scheduling of a joint rendezvous and docking mission in 1975 and opened up possibilities for a broad range of future cooperation in the space area.

Dr. Fletcher is here to discuss the joint rendezvous and docking mission with you and also the Apollo 16 astronauts can respond to some of your questions.

Dr. Fletcher.

DR. FLETCHER: Thank you, Ron.

We did have a very profitable discussion with the President primarily dealing with two things: The experiences of the Apollo 16 crew members, who are before you now, and also reviewing progress that we have made since the summit conference in the rendezvous and docking mission.

The President was very pleased with the progress, the response that was received from the Congress of the United States and the program for carrying out the whole mission.

Everything seems to be going on schedule. We have kick-off meetings scheduled this July, as you probably know, with the principals, to try to iron out the management of it.

The President particularly wanted to emphasize that as far as the docking mission is concerned this is only the beginning of what he conceives as a long association with the Soviet Union in many other areas of space cooperation.

As you know, the agreement was a broad agreement and we are busy working on other kinds of things that we can do together. The President sees a long period of cooperation, perhaps through the turn of the century, doing things together, partly for reasons of doing it more economically, but partly because he feels strongly that the international aspect of this is important in improving relationships.

If we can do this together, we can do other things together.

Also, he wanted to emphasize it is not just the Soviet Union and ourselves who ought to cooperate in space but the whole world, and as you know, we are busily involved with other countries of the world. With the Skylab program we do have experiments planned that are placed there by European countries, and with the shuttle program we hope to have foreign astronauts, European, Japanese, Australians, Canadians, as well as East Europeans.

So it is the start, you might say, of a long period of cooperation in the Soviet Union and he was pleased to have this report.

At this time I would like to call upon Captain John Young, who will speak for the astronauts to give his impression of the meeting.

CAPTAIN YOUNG: Thank you.

Thank you, Dr. Fletcher. It was really a pleasure to hear the President speak of this docking mission the way he did. You know the first step of a 1,000 mile journey needs that first step and I think from our standpoint this is really going to be a significant attempt to cooperate on an international scale with the Soviet Union.

I guess the three of us feel—we know a couple or three or four cosmonauts and we don’t think we are going to have any problem working with the cosmonauts. I do think that the real problem in the whole mission is that of communications, and once we solve that problem we can prove that we can work together in a lot of other areas besides.

Source: “Apollo 16 Press Conference at White House Briefing Room.” June 15, 1972. Press Conferences file. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038154.pdf

JAMES FLETCHER, “THE SPACE FLIGHT AFTER APOLLO” (JANUARY 17, 1973)

On December 14, 1972, Eugene Cernan, commander of Apollo 17, left the Moon, and no humans have visited since. In this speech to the National Industrial Association, NASA Administrator James Fletcher laid out what was next for NASA in the post-Apollo period. The most immediate worry was money. In 1970, NASA’s budget was nearly 2 percent of the federal budget, but it would be slashed to less than 1 percent in 1975—a loss of nearly $500 million. In response to these cutbacks, NASA focused on non-manned space exploration and testing of what would become the Shuttle program of the 1980s.

The Skylab program mentioned by Fletcher launched in May 1973; it was operated and occupied until February 1974. It received only three manned missions, of 28, 59, and 84 days’ duration respectively. However, a fourth visit was cancelled due to lack of funding. When the Shuttle program was delayed further, Skylab’s orbit decayed. It re-entered the atmosphere on July 11, 1979, and broke into debris over Australia.



The last Apollo flight to the Moon was an exercise in perfection—and nostalgia. Not surprisingly, it brought forth a flood of commentary, and with it the question, “Was it worth it?” . . .

Yes, Apollo was certainly something to remember, but tonight I want to look forward, not backward. I am sure that what is on your minds, right now, is the national space program after Apollo. That is what I want to talk about tonight, because America’s immediate future in space is much brighter than you may think, despite the recently announced program cutbacks. . . .

I am sure you want to hear what is happening to the space program in the present budget crunch that is affecting so many federal programs. I do not want to get into specifics before the President’s Budget for fiscal year 1974 comes out later this month. But as NASA announced on January 5, we are going to have to do more for less. I will not dwell on this except to add here that any program that begins to show uncontrollable cost overruns or fails to move into development on schedule is going to be extremely vulnerable to cancellation in the years ahead.

Despite the current reductions, I believe we have the elements for a balanced and productive space program for the Seventies.

We will proceed with Skylab as scheduled in 1973. The Skylab itself will be launched April 30, and the first crew to work in Skylab will go up on May 1. You will soon see for yourself what a tremendous advance we have made in developing our capabilities for scientific and practical work in manned spacecraft in Earth orbit. Actually, Skylab has the same living and working room as a three-bedroom house. . . .

The President continues to give strong support to the Space Shuttle as our main space technology development program for this decade. As a result of the present budget situation, we are delaying somewhat the build-up of Shuttle employment but we expect the date of the first Shuttle orbital flight to slip by less than one year. That means the first orbital flight could still take place in 1978, and Shuttle operations could begin in 1979. . . .

Now we come to two other important elements in a balanced space program—advanced scientific satellites in Earth orbit, and unmanned probes of the planets. We have made a good start in both these areas for the Seventies: The Astronomical Observatory named for Copernicus is performing magnificently in Earth orbit; Mariner 9 orbited and photographed Mars in great detail; Pioneer 10 is now on the way to a rendezvous with the giant planet Jupiter in December; the Viking spacecraft is still scheduled to land on Mars during our bi-centennial celebration in 1976; and a new Mariner is scheduled for launch to Jupiter and Saturn in 1977. We also have important space science and applications experiments planned for Skylab. . . .

Now, let me sum up what I feel about the NASA space program after Apollo. First, let us stop talking of post-Apollo programs and the post-Apollo era. The phrase “post-Apollo” implies a looking backward. We are now in phase 2 of the national space effort—the pre-Shuttle phase. We are building, of course, on the experience of the Sixties, but we have new programs in all fields that go far beyond what we were able to accomplish in the Sixties. Even if some of the glamour has gone out of space activity with the end of Apollo, we are in a period of great challenge that calls for dedication, ingenuity, and plain hard work. We are now in a new generation of space activity when we are called upon to do much more with considerably less money, and we can do it! . . .

There was an obvious stopping place in the American space effort after Apollo. But we did not stop, and now, with the new input of the Seventies, I am sure we never will. Space exploration and use will be forever part of the American destiny, and mankind’s destiny.

Source: “Fletcher Speech—The Space Flight After Apollo.” January 17, 1973. Fletcher Speeches. NASA History Office. Available https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038161%20-%20508%20pass.pdf

ROBERT FROSCH, PRESS CONFERENCE ON THE SPACE PROGRAM (JUNE 23, 1977)

In 1977, Robert Frosch became the fifth NASA administrator, appointed by new president Jimmy Carter. By this time, manned space travel had ended; satellites and spacecraft had been sent to the far reaches of the universe, and Skylab had been abandoned. NASA was focused on the Space Shuttle. In February 1977, NASA flew test flights of the Enterprise (named after the ship in the Star Trek series). In this press conference shortly after his confirmation, Frosch answers questions from the press. The range of questions shows the uncertainty Americans felt about what NASA could, should, and actually was doing at the time.



QUESTION: Ulsamer, Air Force Magazine. Do you seek any changes in the roles or missions of NASA insofar as operations are concerned?

DR. FROSCH: I think it is a very early day for me to try to give an answer to that question. The question of NASA’s role and its relationship to other aeronautical R&D, development, whether NASA should be operational, is something I want to look at and understand. I am not really prepared to say what I would like to do there.

QUESTION: Judy Randall, New York News. As the Carter Administration goes about the business of reorganizing the government—this is in a sense the same question—do you have assurances that NASA will remain a separate and distinct agency?

DR. FROSCH: I have no direct assurances either way, nor have I asked for any. I have no indication that we will do anything but continuing as an independent agency. I am proceeding on that assumption at this point. Obviously, I expect to be involved in discussions of reorganization from time to time and we will see what develops.

QUESTION: Jon Spivak, with the Wall Street Journal. What are some of the possibilities of cooperative projects with the USSR that you would envision?

DR. FROSCH: Well, I think that there may be some possibilities of cooperative manned space work when the shuttle comes into operation. That will have to be explored. I think they would have to be based on doing some science or applications that we wanted to do in common.

I think as important as that would be exploring with them the question of our two programs in planetary exploration and how we can have them complement each other so that the two programs may be stronger than they would be if they were completely independent.

It is clear that a series of uncoordinated missions to Mars or Venus or any other planet would be less strong than a series which—on which we might agree on objectives and, in a sense, take slightly different aspects of the problem under consideration.

QUESTION: There has been some talk in Congress about perhaps cutting out two of the Shuttle Orbiters. How would that affect your program if those two orbiters were lost?

DR. FROSCH: Well, I think that this would, in the first place, leave us with a very thin space transportation system. Three available orbiters probably would barely enable us—if they would enable us—and I have to look at the numbers more than I have so far—but would barely enable us to carry out even the launching of the existing missions to which we are committed for NASA and for the Defense Department, and would certainly not allow us to have enough capability to really capitalize on the capabilities that the shuttle system will give us to do new things in space that will have particular applications and scientific value.

QUESTION: Ken Silverstone, Defense Space Daily. Given the long list of projects you support, do you see any possibility of an increase in the space budget in the years ahead, or do you think a level budget around the $4 billion figure is adequate?

DR. FROSCH: No one who has a long list of things he wants to do ever finds any budget adequate. I think we really have to look at it in terms of a zero-based budget look, in terms of the things we want to do and need to do, and argue for our programs and see how it comes out.

I was asked by the Congress in my confirmation hearing whether I would bargain for a level budget, and I said then—and I am repeating it now—that I have not tried to bargain for a level budget and don’t propose to do that. I would much rather fight for the programs that we think are important as they come up.

I think that gives me an opportunity—gives the agency an opportunity—to argue for a larger budget if we have things to do that we can convince people are important.

If we don’t find things to do, if we don’t have things that are convincingly important, then we may not keep even a level budget. But if we can’t be convincing and don’t have the right program, probably we should not have a level-increasing budget.

I think it depends on our imagination and our skill in making ourselves useful and exciting and important to the national programs.

QUESTION: Leonard Davis, WTFS News. I am interested in what you feel about NASA’s and DOD’s relationship and whether or not military activities, DOD use of the Shuttle will impinge upon the civilian usage of outer space and following up some of the objectives of the NASA organization?

DR. FROSCH: No, I don’t think that this needs to happen or is likely to happen. From that point of view, we are building a national capability for space transportation. It is a capability which will be available to NASA. It will be available to the Defense Department for clearly-defined Defense Department uses. And it will be available to outside users, international users, and commercial users for their purposes.

I don’t think that the use of NASA capabilities to launch commercial communications satellites has confused anybody about whether NASA is a U.S. government organization or a commercial organization, and I don’t see why the use of NASA capabilities to launch clearly-defined Defense Department payloads should confuse anybody about whether NASA is a civilian organization which sometimes provides services to the Defense Department or a defense organization. . . .

QUESTION: Michael Jones, Science News. Can you foresee NASA’s role in space colonization, please?

DR. FROSCH: I want to understand better than I do now why we want to colonize space and what it is that will be gained by doing that.

In any case, I don’t think that we will understand how to do it and why to do it until we have some experience with a space transportation system that enables us to be up there routinely.

I believe that when we are able to do that, our whole view of what we are capable of technologically and what it is we can and should do will be so very different than the things we think of now, being constrained as we are by expendable launch vehicles and our inability to really go up there and tinker—if I can talk about it that way, and I think about it that way—that really we have just begun to get our imaginations and our thoughts fired up on what that is going to mean.

Source: “Frosch Press Conference.” June 23, 1977. Frosch Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038372.pdf

ROBERT FROSCH, STATEMENT TO CONGRESS (JANUARY 26, 1978)

In this statement to the Committee on Science and Technology in the House of Representatives, NASA Administrator Robert Frosch looks at the far future of NASA’s work. He mentions the benefit of the Space Shuttle program that was in testing, and also foretells the International Space Station, the Hubble telescope, and the growth of the internet. Just 10 days earlier, on January 16, NASA had announced its first class of astronauts since 1969; this class included the first female astronauts. Split into pilots and mission specialists, these would be the astronauts who would fly the Space Shuttle.



In examining the several future directions that the United States space programs can take, and in considering the major goals and objectives that might be selected for those programs, it may be worthwhile to assess the more immediate present in terms of the conditions obtaining today. We appear to be standing on the threshold of several interlocking revolutions in our perceptions of space activity; indeed, in some cases, we are already well into the first phases of such revolutions without, perhaps, having had time to recognize this fact.

The most visible change for which we are preparing is in the basic approach to space flight. For twenty years we have had to reach for the benefits of space in small, expensive, prepackaged increments. Each mission has been such an increment, with its long lead time, one-way transportation system, weight and volume constraint, demands for redundancy, extraordinary test rigors, and conservative failure margins. These first decades of space exploration and application have, in their own right, been extraordinarily successful, but that success has had to be paid for in money and in deferrals of tasks too risky to attempt in the one-way mode of the expendable launch vehicle. In one sense, our first ventures into space may be seen as a necessary primitive beginning needed to lead us toward the recognition that the real values of space require a significant revolution in the way of doing business. The coming advent of the Space Shuttle is already changing that way of doing business, clearly in some visible and direct ways, and also in some more subtle ways. The early Shuttle missions we will see are relatively straightforward evolutionary extensions of present approaches: the Shuttle is a launch vehicle to place carefully designed and constricted payloads into orbit more efficiently than an expendable vehicle.

It will take time before the larger impact of the new capability becomes evident, before we recognize that we can now afford in space an approach to experiments similar to that we use on the ground, because of the easy presence of the human experimenter, supervisor, technician, or repairman. It will be some time before we recognize that the machines we need in space can in some cases best be built there rather than on the ground where they must be artificially compressed into reduced volumes for space delivery and deployment. We will have to stop thinking in terms of discrete space missions, each with its own spacecraft, its own control center, its own ground network, its own clientele; space machinery is becoming recyclable and refurbishable and reusable. We are just beginning, for example, to look at earth orbital scientific exploration in the Shuttle era as a continuum rather than as a jerky and uncertain sequence of “new starts”; we are moving to the time when the engineering component of scientific research will cease to dominate the kind and quality of research we can do. We will find we can reintroduce the concept of taking some risks with the success of individual experiments because we can act to avoid the consequences of failures without enormous waste. The technological revolution in space transportation, that the Shuttle by itself represents, will become ever more important as this same class of capability grows to include greater flexibility in space operations at synchronous altitudes and for extended duration. It will take time, effort, and vision to learn how to use what we have built; we can be certain, however, that it is the generation today in school and just beginning to consider the opportunities of space that will exercise these capabilities to their fullest and bring them to fruition.

In parallel with the changes in how we will be operating in space are the implications for what we can do there. Perhaps the best current example in science is that of the space telescope, now beginning its development phase. It is important to realize that astronomers have been planning for the telescope since the early sixties—and that only the advent of Shuttle revisit for orbital maintenance has made it practical. The space telescope is our first true facility in space, now not much more remote from human attention than are the more limited instruments we have built on mountain tops around the world. If we succeed in forcing ourselves to design and build and operate the telescope with that in mind, we will have made an investment of permanent value; there is no natural lifetime for a permanent observatory of this power and with such capacity for evolutionary improvement. Some have already stated that it will be the centerpiece of twentieth century science and that its scientific contributions to the understanding of the physics of the universe are likely to dwarf all but the most fundamental discoveries of the past. And the space telescope is but a single example of the new kind of permanence we have infused into space exploration and exploitation by simply changing our way of getting there and back.

We are at the beginning of another revolution today as well: one in communications. It would be appropriate to term this the “second communications revolution,” since the satellite developments of the past fifteen years have already completely changed domestic and international point-to-point telecommunications traffic. The Intelsat consortium already boasts of 92 member nations—from Afghanistan to Zambia; in many places it is far easier and more assured to make a transcontinental phone call than to try to reach the next town. Just around the corner, however, and already adumbrated by some of our experiments and those of the Japanese, the Canadians, and the Europeans, is a next quantum jump in this field. Higher power, higher data rates, better frequency manipulation—and now the new possibility of centralizing efficiently in space those facilities like switchboards and mainframes that are replicated everywhere on earth—are pointing toward an era of service capabilities that can change society. Already we have committed, in the space program, to the concept of commercial tracking and data relay satellite services to eliminate the bottlenecks of being tied down to multiple local ground stations for contact with our space systems; this alone has created a new dimension of freedom for space operations. The geometry of the world and the space around it, coupled with the technological capability to build large antennas and supporting facilities in space while vastly simplifying and reducing ground terminal size and complexity, make the possibility of hemispheric interconnections at the “CB” level a reality. Concepts of public service telecommunications like electronic mail, medical information service delivery, continuing interactive education, and broadly based information access now await implementation decisions rather than technological feasibility demonstration.

. . . It is the art of government to organize its efforts to serve both immediate and far-reaching goals with the same resources. Space—and all that entails in science, in exploration, in discovery, in technology, and in services—is one of those resources for both the present and the future. A unique characteristic of space activity is that it radically changes the scale within which we can measure and judge our national directions. We as a nation must decide wisely and well—and soon how best to employ it for the good of the nation, the civilization, and the generations to come. We do not wish to let pass by valuable opportunities unexploited or important challenges unmet.

Source: “Frosch Statement before the House Committee on Science and Technology.” January 26, 1978. Frosch Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038379.pdf

SALLY RIDE ORAL HISTORY (OCTOBER 22, 2002)

In 1978, NASA’s Astronaut Group 8 was announced. Included among those 35 new astronauts was Sally Ride, who would become the first American woman in space when she launched on Challenger on June 19, 1983. (Soviet Union cosmonaut Valentina Tereshkova was the first woman in space in 1963.) In this oral history interview with Rebecca Wright, Ride recalls the announcement, the preparations made to accommodate women in the space program, and the media reaction once she landed after her flight.



Wright: When NASA announced the new class that included six female astronauts, which was totally different from anything they had done before, how did [the] response of the media and other organizations, especially some of the feminist organizations, impact your life? And did the impact start before you actually went down to JSC?

Ride: The impact started before I left for JSC. The announcement was made in the winter. There was a lot of media attention surrounding the announcement, because not only was it the first astronaut selection in nearly ten years, it was the first time that women were part of an astronaut class. There was a lot of press attention surrounding all six of us.

Stanford arranged a press conference for me, the day of the announcement—the first time, of course, that I had even thought of being part of a press conference. I mean, my gosh, I was a Ph.D. physics student. Press conferences were not a normal part of my day.

A lot of newspaper and magazine articles were written—primarily about the women in the group—even before we arrived at JSC. The media attention settled down quite a bit once we got to Houston. There were still the occasional stories, and we definitely found ourselves being sent on plenty of public appearances.

Wright: Did this impact on your private life affect your decision or make you think that you were getting into something a little bit more? You were applying to be an astronaut. Now all of a sudden people were asking questions about who you were. As you said, you were a physics student.

Ride: Actually, it didn’t. It wasn’t particularly burdensome after the initial flurry of interviews. There was a fair amount of it, but it was still easy to have a normal life.

Wright: What type of preparations, if any, did NASA, especially at JSC, make to accommodate the female astronauts? Were there accommodations or facility changes to assist what females needed, compared to what the males had always just taken as their own?

Ride: There were some things. The most obvious was that they needed to add a women’s locker room to the astronaut gym. That and most other things were accomplished before we arrived. I think JSC worked hard to prepare for the arrival of women astronauts and female technical professionals. The technical staff at JSC—around four thousand engineers and scientists—was almost entirely male. There was just a very small handful of female scientists and engineers—I think only five or six out of the four thousand. The arrival of the female astronauts suddenly doubled the number of technical women at JSC!

Wright: It was a class of thirty-five, and a lot of attention was on the fact that it did include six females. How [was] the rest of the class impacted by the fact that so much of the attention was on six members instead of the whole thirty-five?

Ride: I think the rest of the class understood that that was natural and maybe even appreciated it! It was really a good group of thirty-five. The selection committee was looking for men that were comfortable working with women, that were used to working with women, and that had no problem working with women, and they succeeded. It was a very congenial class and we really didn’t have any issues at all within our group. They were very respectful, and incorporated us as part of the group from the very beginning.

So we all walked in as rookies, neophytes in the astronaut corps. None of us knew anything about what was about to happen to us, and so as you can imagine we were a pretty close-knit group. None of the astronauts who applied did it for publicity. Everybody applied because this is what they wanted to do. So the males in the group didn’t really want to be spending their time with reporters; they wanted to be spending their time training and learning things. They didn’t seem to mind at all that more of the attention was paid to the women astronaut candidates. In fact, they wished us well. And, frankly the women probably would have preferred less attention. . . .

Wright: You had your own chance to be named to a crew with STS-7. When and how did you learn that you were selected for that first Shuttle trip?

Ride: Shortly before one of the regular Astronaut Office Monday morning meetings, I got called to come over to George Abbey’s office. It was 7:30 or 7:45 in the morning. I went over to his office and he told me then.

Wright: Of course, this was the beginning of another first for you. You were going to be the first American woman to fly. Describe for us the reaction to the news when you told your family that, once again, you were going to be making the news.

Ride: [Laughs] Well, they were pretty excited. They knew that this was something that I’d wanted to do for a long time. After all, I’d been in training for four years when I heard the news, so they’d been preparing for this eventuality for four years. They were really excited when I got assigned to a flight.

Wright: When Mr. Abbey talked to you about your new assignment, that you were going to be flying, was there talk of the impact that it would [have on] you and NASA, that you were taking a step into history?

Ride: Actually, yes. I met alone with Mr. Abbey, which is a little bit unusual. The commander is the first to know about a flight assignment; Bob [Robert L.] Crippen, who would be the commander of my crew, had already been told. But then usually the rest of the crew is told together—at least that was the way that it was done then. But in this case, Mr. Abbey told me first—before he called over the other members of the crew.

After I met with him, he took me up to Dr. [Christopher C.] Kraft’s office and Dr. Kraft talked with me about the implications of being the first woman. He reminded me that I would get a lot of press attention and asked if I was ready for that. His message was just, “Let us know when you need help; we’re here to support you in any way and can offer whatever help you need.” It was a very reassuring message, coming from the head of the space center. . . .

Wright: After landing, your duties didn’t stop. You still had crew activities that you did. How much of that, again, was because of actual normal duties, if we can say “normal” at STS-7 level, but normal duties that flight crews do after landing, and how much of it, again, was due to the fact that you were the first woman that had flown?

Ride: A huge amount of it was a result of being the first woman to fly. I think that’s when all the attention really hit me. While I was in training, I had been protected from it all. I had the world’s best excuse: “I’ve got to train, because I have this job to do.” NASA was very, very supportive of that. So my training wasn’t affected at all.

But the moment we landed, that protective shield was gone. I came face-to-face with a flurry of media activity. There was a lot more attention on us than there was on previous crews, probably even more than the STS-1 crew.

Wright: Did you have assistance from NASA in dealing with all of the requests and even maybe some preparation before you walked into some of these events?

Ride: Yes and no. A lot of help with fielding the requests. All the requests went through NASA, through the Public Affairs Office and through the Astronaut Office, but very little help in preparing to talk with either the press or to make public appearances. Now, of course, all astronauts learn “on the job” how to give a talk and how to work with the public and with various organizations.

I’d done my share of public appearances and speeches before I’d gone into training, so I knew how to talk to the press and I knew how to go and show my slides and give a good speech. But just the sheer volume of it was something that was completely different for me, and people reacted much differently to me after my flight than they did before my flight. Everybody wanted a piece of me after the flight.

Wright: Were there times that you felt some of the events that you went to or some of the times during the events that people asked questions that were not necessarily NASA-related that got into too much of your personal life and activities, or how your new life was affecting your personal life?

Ride: Occasionally, but not too much. Most often, people were just interested in the flight, in my experience, in my view of the historical nature of the flight, that sort of thing. Not too much on my personal life. That really wasn’t as much of a problem for me as the sheer volume of things that I had to do. It was just incessant for months. . . .

Ross-Nazzal: I had a question. I read an article recently that was published by Florida Today, and you had talked about what they had to add to the flight kit on STS-7, for instance, things like tampons. And there was a discussion about whether or not you should bring makeup on board the flight. I was wondering if you could talk a little bit about what else was included in the flight [kit], if you had any suggestions, or if they had any suggestions that you were opposed to, and why.

Ride: It’s actually kind of funny, because there was a reasonable amount of discussion about it. The engineers at NASA, in their infinite wisdom, decided that women astronauts would want makeup—so they designed a makeup kit. A makeup kit brought to you by NASA engineers. [Laughter] So, “What?” You can just imagine the discussions amongst the predominantly male engineers about what should go in a makeup kit. So they came to me, figuring that I could give them advice. It was about the last thing in the world that I wanted to be spending my time in training on. So I didn’t spend much time on it at all. But there were a couple of other female astronauts, who were given the job of determining what should go in the makeup kit, and how many tampons should fly as part of a flight kit. I remember the engineers trying to decide how many tampons should fly on a one-week flight; they asked, “Is 100 the right number?”

“No. That would not be the right number.”

They said, “Well, we want to be safe.”

I said, “Well, you can cut that in half with no problem at all.” [Laughter]

And there were probably some other, similar sorts of issues, just because they had never thought about what just kind of personal equipment a female astronaut would take. They knew that a man might want a shaving kit, but they didn’t know what a woman would carry. Most of these were male engineers, so this was totally new and different to them. . . .

Ross-Nazzal: I have one more question, if that’s okay. When I was going through some of your materials, I got the sense from some of the books that we’ve read about you—there are a couple of children’s books, in particular—that talk about after you found out you were going to be the first American woman in space that you were a little leery about the press’ attention on you, that you told them it wasn’t a very important news item. And I’m wondering, is that the reality? Is that actually what your opinion was at the time?

Ride: It was a little bit different than that. My attitude was more like, “It’s too bad this is so important. It’s too bad that we’re not further along that it’s a normal occurrence for a woman to go up on a Space Shuttle flight. It’ll be a wonderful day when this isn’t news.”

And we’ve reached that day! Now people don’t notice there are women going up on Space Shuttle flights. It’s happening all the time. I completely appreciated that this was really an important thing. On the other hand, it was just a little bit irritating that it was so important, because I thought it should be a very natural thing for women to be astronauts.

Source: Sally K. Ride, Interviewed by Rebecca Wright, October 22, 2002. NASA Johnson Space Center Oral History Project. Available online at https://historycollection.jsc.nasa.gov/JSCHistoryPortal/history/oral_histories/RideSK/RideSK_10-22-02.htm

ROBERT FROSCH, PRESS BRIEFING ON THE SHUTTLE PROGRAM (NOVEMBER 14, 1979)

The success of NASA and the future of American spaceflight was hinging on the Space Shuttle program. However, it was facing budget overages, technical failures, and missed deadlines. After a meeting to update President Carter on the status of the program, NASA Administrator Robert Frosch met with the press to answer their questions.



Q. Rebecca Sobel, NBC, Could you tell us what is the condition of the tiles, I understand there was a problem with them?

FROSCH: The problems with the tiles had to do with some problems of strength of the tile system as glued on the orbiter and it is induced by some of the problems in the way the tiles get glued to an isolation pad and that gets glued to the orbiter. In order to be sure that we have the adequate strength, we are now proceeding to pull test, that is to pull on each tile of the crucial high temperature tiles with a sufficient pull so that we are beyond what is required with a margin of safety. As we expected in this test we are pulling some of the tiles off. . . . That now appears to us to be a process that we can carry out provided this failure rate at overstress continues at about the same percentage that we would be able to carry that out and complete it in time for the orbiter to leave it processes roughly on the schedule described there so that is not likely in our view to be the pacing item in the first flight schedule.

Q. I have another question if I may (Rebecca Sobel). How much will this cost now? Did the President indicate anything about an increase in funds and indicated how he will convince Congress to appropriate these funds?

FROSCH: The President made it clear that he is aware that this will, this whole process will cost additional funds over what was programmed when the 80 budget went in both in terms of

1980 Supplemental and increased request in the 81 budget. We did, since it was not a budget meeting discuss the precise amount, that is being worked out in the normal process with the Office of Management and Budget and will be presented to the President as part of the budget discussion sometime later this fall but it has already been announced that it is the President’s intention if required and we believe it will be to send up with the 1981 budget a supplemental for 1980 to add the funds that are required to carry us through 1980-Fiscal 1980 with the additional delays. . . .

Q. Dr. Frosch, you mentioned your having odds and ends problems with the main engines, I guess over a week ago you failed to fire the main engine and there has been no test of all the three engines fired successfully for the duration required. Have you completed a damage assessment of that incident at the Space Technology Lab and are you in a position to say how much that engine incident will add to the slippage in the schedule?

FROSCH: Two points, One, there has been a 90-second test of all three engines fired—100-second. I describe this as odds and ends because they do not appear to be central intrinsic problems but rather failures, occasional failures of particular parts, in this case a failure of a seal in the high pressure oxygen turbopump and concommitant to the shutdown, a failure in the piping that conducts liquid hydrogen for cooling through the nozzle, this was on a different engine than the one on which the seal failed and it appears that that is connected with some kind of a defective manufacture of the part. The problem with the seal has not really been diagnosed but it is the second time over a fairly long period that we have had a problem with that particular seal so there may be a design problem to be fixed there. However, I would say at this point that we do not have a complete diagnosis of either of those. We are just in the process of having the parts out and being looked at carefully. We know now that we will not be back up for main propulsion tests before sometime in December so that is a delay of perhaps six weeks or thereabouts. . . .

ROBERT TOTH, LA TIMES: That brings up the question of the schedule. I wonder if you could address the problems of your customers, both DoD and commercial. Have any of them sort of fled because of the slippages, there is talk about keeping opened expendable booster lines and of going to the Europeans.

FROSCH: Let me take DoD first. The most critical DoD launches come in 83 and 84, first month critical ones, and there appears to us and to DoD to be enough time between the current stage of the schedule and when we need to have orbiters 102099 and 103 ready for East Coast and West Coast launches so that from that point of view the exact date of first flight and the initial capability for DoD are not so tightly coupled. There is time in there.

The situation is different for the commercial customers who are some of them already being impacted by shifts in the operational schedule date due to the delays in first launch. We have had for quite some time several years a possibility for a user of the Shuttle in the early years to, in effect, buy insurance by requesting a backup. . . . We have met with the users to discuss the current status and the new manifest schedule, there may be a requirement for an additional number of users to back themselves up . . . There are some users who have been looking at the question whether they will be forced to use the European launch vehicle Arian. . . .

ANNE GROER, Orlando Sentinel: It was reported in Florida today that the first orbiter is severely over weight and may be grounded after only four flights and not make the anticipated hundred flights. So the first question is will you confirm that and the second question is did you make a pitch to the President for a fifth orbiter?

FROSCH: No and No. The first orbiter is heavier that we expect the second third and fourth to be, but the distribution of payload weights as we see them now in the manifest is such that by assigning payloads and flights and launch sites to appropriate orbiters we would not now expect that we would do anything but keep 102 in the operational system, that is the plan for that to be one of the four operating orbiters. . . . We did not raise the question of a fifth orbiter at this meeting with the President.

Q. Bill Hines—Now I’m not suggesting for a moment that the Space Shuttle is a disaster of the magnitude of Three Mile Island, but I wonder have you ever considered whether it would be helpful or hurtful perhaps to have a completely unbiased outside Presidential Commission like the Kennedy Commission to look into this whole thing and render a report on the program. You had a few in-house reports and semi outhouse reports but ah—a completely unaffiliated commission to review your programs?

FROSCH: I don’t think that this is anywhere near the state of a problem that requires that kind of examination. As I compare it to other large technical programs I’ve seen both in terms of the Fiscal problems considered in terms of Percentages and the time problems considering the complexity. It is not having extraordinary difficulty. I think it is fairly normal. Even lots of small scale ones that I have been involved in have had this kind of problems.

Source: “Press briefing on Frosch conversation with President Carter regarding the Space Shuttle.” November 14, 1979. Frosch Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038417.pdf
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1. Out of tune with budgetary reality, such studies sometimes enraged even NASA’s friends in Congress. Particularly striking was Rep. Joseph Karth, acting chairman of the House Subcommittee on NASA Oversight, who had been fighting an uphill battle to preserve Project Voyager funding (eventually scaled down and renamed Viking), expressed his exasperation over a 1967 study which cast the program of Saturn V-launched unmanned orbiters and landers in the role of a foot in the door for manned follow-on missions to the planets: “Very bluntly, a manned mission to Mars or Venus by 1975 or 1977 is now and always has been out of the question, and anyone who persists in this kind of misallocation of resources at this time will be stopped.”

2. Typical of the period, in February 1967, NASA contracted studies had outlined manned flybys of Venus in 1972 and of Mars in 1979. The pièce de résistance was Boeing’s January 1968 multi-volume report detailing a program to send crews to orbit Venus beginning in 1983 and to land on Mars in 1986. Von Braun’s August 1969 proposal accelerated this schedule.

3. Apollo 20 had effectively already been canceled in 1970 when NASA decided to divert a Saturn V launch vehicle to the Skylab space station program.

4. The backup Skylab B became an exhibit at the National Air and Space Museum in Washington, DC.

5. This author was briefed into the Hexagon program in 1982. When he asked, “Does this have anything to do with Big Bird?” he received the response, “This is Big Bird!”

6. “Interim” in the sense that NASA was still hopeful that it would be replaced by the Space Tug someday. When this hope faded, the IUS was renamed the Inertial Upper Stage.

7. If five Orbiters could fly no more than 500 missions (100 each), this implied that at least four more Orbiters would need to be constructed later in the program.


Chapter 5: The Shuttle Program (1980s)

By 1975, NASA’s budget fell to levels not seen since Project Mercury, when the space agency was still in its infancy. In the late 1970s under the Carter administration, funding for the planned five-Orbiter Space Shuttle fleet became increasingly problematic. Only four Orbiters would be authorized initially, although production lines would remain open for replacement parts and long-lead items to protect the possibility of a later fifth Orbiter. NASA planned to name the first Orbiter, OV-101, Constitution, and set the date of its rollout at Palmdale, California for September 17, 1976, the 189th anniversary of the signing of the Constitution of the United States; however, fans of the 1960s science fiction television series Star Trek staged a write-in campaign to rename it Enterprise. Ironically, Captain Kirk’s NCC-1701 was a Constitution-class ship, and in a way, it turned out that OV-101 was as well.

OV-101 Enterprise was initially configured as an atmospheric test vehicle for the Approach and Landing Tests (ALT) that were conducted at NASA’s Dryden Flight Test Center in 1977; it had no thermal protection system (TPS), and its Orbital Maneuvering System and Main Engine nozzles were simply mass models. The planned utilization for the first Orbiter evolved during the 1970s. According to the earliest plans, OV-101 would have been an atmospheric test vehicle only. A September 11, 1972 plan called for OV-101 to be reconfigured for spaceflight following the ALT series, launching into orbit for the first time in October 1, 1979 to become the second of five operational Orbiters behind OV-102. This plan changed in October 1977, partly in response to funding restrictions. The funding cut killed plans to build OV-105; however, NASA could still have a five-Orbiter fleet by building an orbiter around Structural Test Article STA-099, making it the second operational Orbiter. This would allow the expense of tearing down and refitting Enterprise to be deferred until later in the operational phase of the Space Shuttle program when the other four Orbiters were already flying. All hope of funding a five-Orbiter fleet faded the following year, and Enterprise, now scheduled as the fifth operational Orbiter, was the one to be cut. In addition to the expense of partially disassembling the atmospheric test vehicle, the technical reason to retire Enterprise was the fact that as the first Orbiter frame built, it was also the heaviest. Each successive frame was designed to be lighter as engineers accumulated more data, not least from Enterprise’s own ALT flights. Thus, Enterprise would have been the least capable Orbiter in the fleet in terms of carrying payloads to orbit. The other option, which was to almost entirely disassemble Enterprise in order to return major structural components to the contractor for rework, would have been prohibitively expensive.

OV-102, named Columbia, was rolled out on March 9, 1979. Once delivered to Kennedy Space Center, it remained in a hangar for two years while pull tests repeatedly failed on its thousands of TPS tiles and new methods of bonding the tiles to the spacecraft had to be developed. Finally, Columbia lifted off the launch pad into orbit on April 12, 1981, as STS-1, six years behind NASA’s original schedule. That same year, NASA terminated an effort to develop a Power Extension Package that would have extended the Orbiters’ on-orbit capability from 15 days to as much as 45 days; this decision was aimed at finally securing the Space Station project as a funded new start, which the Reagan administration approved in 1984.

As all four Orbiters became operational, NASA expected the fleet to support 60 launches per year. OV-099 Challenger, having been built from Structural Test Article STA-099, was launched on its first mission on April 4, 1983; OV-103 Discovery and OV-104 Atlantis followed on August 30, 1984, and October 3, 1985, respectively. The launch rate increased steadily but much more slowly than anticipated: two in 1981; three in 1982; four in 1983; five in 1984; nine in 1985. As a result, dozens of paying commercial customers were kicked off the Space Transportation System’s manifest, and the European Space Agency’s new Ariane expendable launcher captured an ever-increasing market share. There was nowhere else for customers to go. Following the flight of STS-1, the Reagan administration had set the policy that in the future all U.S. space payloads would be launched on the Space Shuttle; as the STS was struggling to increase its launch rate, the Delta, Atlas, and Titan expendable launcher production lines were shutting down. Meanwhile, to advertise the era of routine spaceflight that the Space Shuttle was supposedly ushering in, its flights carried a Saudi prince, a U.S. senator, and a U.S. congressman; also, NASA had citizen-astronauts queueing up: teachers, journalists, artists, and music composers.

In January 1986, Space Shuttle program managers were under enormous pressure. A record 15 missions were scheduled for that year. The morning of January 28 was forecasted to be unusually cold, and Morton Thiokol engineer Roger Boisjoly was concerned that the rubber O-ring seals on the field joints of his company’s Solid Rocket Boosters might not be flexible enough at the expected temperature to prevent the blowby of hot exhaust gasses through the field joints and out the sides of the boosters. There had been minor blowby on earlier launches before the O-rings quickly sealed the gaps in the field joints, but the correlation of temperature to incidences of blowby was not obvious in the flight data then in hand; there appeared to be other, as yet undetermined, factors causing blowby as well. Boisjoly recommended delaying the launch of Challenger’s STS-51L mission. NASA manager Lawrence Mulloy exploded in frustration, “My God, when do you want me to launch—April?” Morton Thiokol managers cajoled Boisjoly into dropping his objection to proceed with the launch as scheduled. The next morning, blowby caused both the primary and secondary O-rings to fail in one of the worst spots possible. The anomalous exhaust plume impinged on the lower truss joining an SRB to the External Tank, which was filled with volatile liquid hydrogen and liquid oxygen. Seventy-three seconds after liftoff, the truss failed, causing the top of the SRB to rotate around its upper truss into the External Tank. The vehicle had just passed through the period of maximum aerodynamic pressure, but the loads on it were still very high. The External Tank buckled and collapsed; the Orbiter departed controlled flight and disintegrated instantly. At a loss for words, NASA public affair officer Steve Nesbitt announced simply, “Obviously a major malfunction.” The crew cabin emerged from the vapor cloud of hydrogen and oxygen propellants intact, but the crew was killed when the cabin slammed into the Atlantic Ocean 2 minutes 45 seconds later. The primary mission of STS-51L had not been schoolteacher Christa McAuliffe’s lessons televised from orbit, but to place a Tracking and Data Relay Satellite in orbit, a task that an expendable launch vehicle could have accomplished at less expense and without risking a crew.

With Challenger’s crew of seven also died the delusion that the Space Shuttle was on the way to making space travel routine and would someday pay for itself. Also dead was the Air Force’s autonomous carve-out of the Space Shuttle program. It had been planned that OV-103 Discovery would be dedicated to launches from Vandenberg Air Force Base, while the other three orbiters would continue to be launched from Kennedy Space Center. With OV-099 Challenger now gone, all three remaining orbiters were needed on the East Coast. The Space Shuttle launch complex on the West Coast was mothballed. The Citizens in Space program was also dead. Singer/songwriter John Denver, who had hoped to fly in that program, recorded Flying for Me to honor the Challenger Seven.

While the Shuttle fleet was grounded for the next 32 months, the remaining commercial satellites on the STS manifest were kicked off, and even U.S. government payloads that were not designed exclusively for the Shuttle were redirected to expendable launch vehicles, whose production lines were now jump-started. When the Shuttle returned to flight nearly three years later, most of its missions involved Spacelab and Spacehab, and launching, repairing, and tending the Hubble Space Telescope. It would no longer be a satellite launcher on which parasitic humans were carried along to conduct unrelated activities; it would be solely a platform for the types of missions that required humans to perform them. The orbiter production lines that had barely been kept open by manufacturing spare parts and long lead items rolled out OV-105 Endeavour on April 25, 1991. At the cost of seven lives, NASA had its long-sought fifth orbiter.

Back in 1973, NASA had surmised that the Space Shuttle would be reaching the end of its design life in 1991 and that a more advanced system would phase in to replace it. There were several such studies in the mid to late 1980s: Shuttle II, X-30 National Aero-Space Plane, Venture Star, and Personnel Launch System. None came to fruition. Instead, the Space Shuttle was left to soldier on. After all, due to the much lower than expected launch rate, none of the Orbiters had flown anywhere near the 100 missions for which they were designed; however, the unanticipatedly high expenses of maintaining the STS was keeping NASA from doing other things, most notably returning humans to the Moon and human expeditions to Mars. In particular, Space Station Freedom, which the Reagan administration had approved in 1984, was being redesigned every few months in an effort to reduce its ballooning cost estimates. By 1991, the station’s design was downsized so much that critics ridiculed it as “Space Station Fred.” In any case, it was now officially known as the International Space Station, as in 1988 Canada, Japan, and the European Space Agency had become partners in the project.

While the United States had pursued the goal of routine access to space in the form of the Space Shuttle with mixed success, since the early 1970s, the Soviet manned space program had focused on space stations, one type for scientific experiments and another for military reconnaissance. Although there were periodic setbacks, the Soviets gained much experience throughout the 1970s and 1980s, steadily expanding their capabilities.


REPORT OF THE NASA TRANSITION TEAM (DECEMBER 19, 1980)

When Ronald Reagan was elected president in 1980, he asked former Deputy Administrator George Low to recommend actions for his administration. Low’s recommendations included reorganizing NASA to focus its mission, potentially reducing its size, while at the same time publicly supporting the space program.



At the end of 1980 the U.S. civil space program stands at a crossroads. The United States has invested in a great capability for space exploration and applications, a capability that provides benefits in national pride and prestige, in science and technology, in the inspiration of young people, in foreign policy, and in economic gain.

Now this capability is waning. NASA and the space program are without clear purpose or direction. . . .



VI. SUMMARY OF RECOMMENDATIOMS

NASA represents an important investment by the United States in aeronautics and space. The agency’s programs have provided, and continue to offer, benefits in science and technology, in national pride and prestige, in foreign policy, and in economic gain. However, in recent years the agency has been underfunded, without purpose or direction. The new administration finds NASA at a crossroads, with possible moves toward either retrenchment or growth. The transition team has examined ten major areas and various options for dealing with them. For each issue, the team has made recommendations as follows:

A. Presidential statement of purpose of the U.S. civil space program

It is recommended:



1. That the President recognize the importance of the U.S. space program at an early date (e.g., the inaugural address) without yet making a commitment.

2. That the purpose and direction of the U.S. space effort be defined, and that a commitment to a viable space program be articulated by the President at a timely opportunity, such as the first flight of the Shuttle in the spring of 1981. (N.B. A viable space program could be smaller than, equal to, or larger than the present one, but it must have purpose and direction.)

B. NASA as an organization

1. The NASA Administrator



It is recommended that the President select a politically experienced and strong manager as NASA Administrator, that he reestablish the Administrator’s role as that of principal advisor on civil space matters, and that he be accessible to the Administrator as necessary.



1. Management capability

It is recommended that the Administrator, working either within the agency or with an outside group, assess NASA’s vitality and discipline in management of complex projects, and make changes necessary to effect improvements.

2. Staffing

It is recommended that the dual problem of bringing experienced people from industry into government, and of attracting bright young engineers and scientists into government service be addressed immediately, for the government as a whole and for NASA in particular.

3. The size of NASA

It is recommended that the question of whether or not NASA needs all its field centers be addressed as soon as the purpose of the aeronautics and space program is defined.

C. Space policy and conflict resolution

It is recommended that space policy development and conflict resolution be assigned to the NASA Administrator or special ad hoc groups as the need arises; and that consideration be given to a permanent space policy board for this purpose.

D. The civil space program and national policy

It is recommended that the administration develop an unequivocal statement of national space policy and an organizational framework that promotes economic exploitation of our capabilities and uses space to further our international goals.

In the area of remote sensing, the administration should undertake the development of an integrated civil program.

In foreign policy, the administration should develop procedures for the Department of State and other government agencies, together with industry, to employ space technology to further foreign policy objectives.

E. Space Shuttle flight readiness

It is recommended that:



1. The NASA Administrator schedule immediate briefings and reviews, with NASA and contractor personnel, to become familiar with the Shuttle and its problems.

2. The Administrator obtain a formal assessment of Shuttle readiness from the Aerospace Safety Advisory Panel.

3. The Administrator seek the advice (outside the regular review process), of the knowledgeable outside experts.

4. The Administrator and/or Deputy participate in scheduled reviews and make specified Flight Readiness Firing and Launch decisions.



F. U.S. space launch capability

It is recommended:



1. That existing plans for initial Shuttle operations, retention of expendable launch vehicles for the time being, and transfer of payloads to the Shuttle, be allowed to stand.

2. That at an appropriate time after the first flight (or flights) of the Shuttle, the President direct the Administrator of NASA to address the issues of Shuttle enhancement, continued Shuttle production, and expendable launch vehicle production; and to resolve them in the best interest of the United States, taking into account all users—commercial, civilian, government, DOD, and foreign.

G. The transfer from research and development to operations

It is recommended:



1. That the question of operational management of remote sensing satellite systems be addressed on an urgent basis (see section on “The Civil Space Program and National Policy”).

2. That consideration be given to turning the operation of expendable launch vehicles over to a government agency other than NASA or to a private commercial organization in the next year.

3. That long term Space Shuttle operations be addressed only after some flight experience with the Shuttle is in hand.

H. Aeronautics

It is recommended that NASA’s traditional role of research and technology support to civil and military aviation be reaffirmed, and perhaps even strengthened, to help stem the loss of U.S. leadership in aviation.

I. NASA’s role in areas other than aeronautics and space

It is recommended that NASA’s future role in non-aeronautics and non-space activities be confined to assistance to other agencies as requested for limited periods of time only, using cost reimbursements as possible, and that current long term commitments in other areas be eventually moved from NASA.

J. Personnel

It is recommended that the new NASA Administrator review the situation of reemployed annuitants at an early date with the view of terminating the employment of many of them. . . .

Source: George M. Low, Team Leader, NASA Transition Team, to Mr. Richard Fairbanks, Director, Transition Resources and Development Group, December 19, 1980, with attached: “Report of the Transition Team, National Aeronautics and Space Administration.” NASA History Office. Available online at https://www.hq.nasa.gov/office/pao/History/low80.html

JAMES BEGGS, “AMERICA’S NEXT STEP IN SPACE” (JUNE 1982)

James Beggs was appointed the sixth NASA administrator in July 1981 by President Reagan. Just a few months earlier, the Space Shuttle Columbia had made its first test flight (named STS-1, for the first flight of the Space Transportation System). It was commanded by John Young, who had walked on the Moon, and piloted by Robert Crippen, who had supported Skylab and the Apollo-Soyuz mission. Columbia would complete three more research flights before the testing phase was declared complete and operational space flights could begin. In this speech, Beggs outlined the next goal: a manned space station.



The Space Shuttle Columbia’s fourth successful flight brought to a close the Shuttle’s flight test program. Future flights will be of an operational nature, though, of course, we will learn more about the Shuttle each time we fly. Nothing more graphically symbolizes the transition to an operational Shuttle system than the recent arrival at Cape Canaveral of Columbia’s sister ship, the Challenger. Within two and one-half years, Atlantis and Discovery will join the orbiter fleet and the United States will have a space transportation system undreamed of at the time John Glenn circled the earth.

With the Shuttle program well on its way to maturity, it is timely for NASA, and the Nation, to consider what is the next appropriate step in space. For a variety of reasons, discussed below, I believe the next step should be a manned space station. The station would be tended by Shuttle, in permanent orbit around the Earth and capable of meeting specific scientific and operational requirements.

Maintain U.S. Leadership in Space

Some twenty years ago, a Russian cosmonaut named Yuri Gagarin rocketed into space to become the first man to orbit the Earth. Followed shortly by the American Mercury astronauts, Gagarin’s flight signaled the beginning of a new human activity: space flight.

Challenged by the Soviet success, the United States embarked upon a bold, ambitious plan of space exploration. Few enterprises have succeeded so well. Only American astronauts have explored the Moon. Only an American scientific laboratory is functioning on the surface of Mars. Only American spacecraft have pierced the asteroid belt to survey the outer planets. And back here on Earth, America has led the way to an era when communications, meteorological and remote sensing satellites have become a routine part of life.

Today, man’s presence in space is represented by the Space Shuttle and by the Soviet Union’s Salyut series space station. Manned space flight has become almost routine.

The benefits of such flight are substantial. New technologies are developed. Scientific knowledge is increased. New industries are created. National security is enhanced. Pride in country and prestige around the world are realized. All of these benefits derive from manned space flight, most recently—for us— from the Space Shuttle. . . .

The program that will maintain an edge of superiority for the United States in space is a manned space station, permanently orbiting the Earth. A program of this importance would challenge our ingenuity. It would fulfill the potential of the Space Shuttle (the orbiters were designed to shuttle to and from a space station) and provide unparalleled opportunities for a variety of space-based operations and scientific research.

Stimulate Development of Advanced Technology

Advanced technology is a key element of our nation’s economic vitality. Space flight is an important driver of such technology. Properly funded, a difficult, focused space project can create major advances in technologies across many disciplines. Benefits then accrue to every sector of society. The Apollo program is a good example.

A space station would bring about similar results. It would serve to harness our existing scientific and engineering resources. It would challenge both NASA and her industrial partners to reach for new ideas and new technologies.

Enable Private Sector to Further Exploit Space Environment

Worldwide communications are now dependent upon space-based commercial systems. In a period of less than twenty years, the private sector—after initial research and development of communications satellites by NASA—has invested heavily in space and established a thriving business. Space has been profitable for the communications industry, and for the consumer who enjoys a highly capable, reliable system at a greatly reduced cost.

A space station would enable the private sector to again exploit the environment of space. One area that holds much promise is “materials processing,” the manufacturing of specialized highly desirable materials in the unique micro-gravity environment of space. . . .

Provide Focus and Continuity for the Civilian Space Program

The team that created the Space Shuttle represents a unique national resource. It alone can develop large, highly sophisticated manned space flight systems. If the United States is to retain this capability, now that the development program of the Space Shuttle is nearly complete, the team must be given a new job.

The job must not only drive the frontiers of technology, it must also be appropriate to America’s greatness. Gemini, Apollo, Skylab and Shuttle were large enterprises, notable for their boldness as well as their successes. For two decades, they gave meaning and focus to the nation’s civilian space program. A space station would continue this tradition.

Develop Capability to Operate Routinely in Space

The Space Shuttle provides routine access to low Earth orbit. As a transportation system, the Shuttle is an effective and unique tool. It can deploy, checkout, repair and retrieve spacecraft. But its stay time in orbit is limited. Nominally seven days, the Shuttle’s capacity to remain in orbit can be extended to up to thirty days. However, with a fleet of four orbiters, employing the vehicle in this fashion would impinge upon the Shuttle’s primary role: transporting crews and payloads to and from space. Despite its versatility, the Shuttle is not a system for efficient, continuous operations in space.

Such operations are now important because space has become an environment in which man conducts numerous and varied activities. These activities are simply more effectively accomplished if man’s presence is permanent. Just as our research effort in the Antarctic is more effective by there being a permanent presence on the polar icecap, our activities in space can be more effective if we maintain a permanent facility on station in orbit. And as the Antarctic facilities are serviced periodically by supply vessels, the space station would be supplied periodically by the Shuttle.

Enhance National Security

Like the oceans, space is now used to support our national security. Currently, the United States employs spacecraft for a variety of defense-related missions, including early warning, communications, navigation and surveillance. In dollars, the defense space program exceeds that of NASA’s and represents an essential element of our strategic posture.

A space station, tended by the Space Shuttle, would add to the effectiveness of these defense activities. At first, the station could be used to test and demonstrate new space-based systems. These systems would be developed by the Navy and Air Force as well as by the intelligence community. Flown first aboard a NASA space station, they would assure the feasibility and practicality of employing such systems aboard a manned orbiting space station. Later, a space station could be dedicated to such systems and employed in an operational mode. . . .

Provide Vehicle for International Cooperation

America no longer has a monopoly in sophisticated space systems. European and other countries now have the technical capabilities and experience to develop advanced satellites and reliable (though expendable) launch vehicles. For example, the French are developing their own remote sensing system. The European Space Agency has declared the Ariane launch vehicle operational while the Japanese are moving quickly in the field of advanced space-based communications. Foreign capabilities are sufficiently developed so that other countries could play a meaningful role in a United States space station program.

Such international participation would lower the cost to the United States taxpayer of a space station program. It would strengthen the link of foreign space programs to the Shuttle and to United States space systems in general. It would also provide the United States with access to first-rate science and technology.

Provide the Administration with an Initiative in Space

One legacy of John F. Kennedy was the decision to send a man to the Moon and return him safely to Earth. Apollo was a triumphant success, and is now inextricably linked to Kennedy’s short-lived presidency. Each President following Kennedy had the opportunity to continue America’s exploration of space. Lyndon Johnson at first sustained the Apollo project, cutting back only when Vietnam began to sap first his budgetary resources and then his presidency. Richard Nixon approved Skylab, a scientific expedition of considerable importance and an impressive demonstration of operational capabilities in space. Mr. Nixon also committed the nation, wisely we now know, to a reuseable space ship, the Space Shuttle. Jimmy Carter proposed the Space Telescope, a project that will ensure American preeminence in astronomy for decades to come.

President Reagan now faces the same question faced by his predecessors: what to do in space. I am confident that the President, who rightly has placed economic recovery and national defense as the top priorities of his Administration, recognizes the importance of a space station program. I am also confident, that when the time is appropriate, he will approve such a program.

Source: “Beggs Remarks Entitled ‘America’s Next Step in Space.’” June 1982. Beggs Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038481.pdf

JAMES BEGGS, “MAKING SPACE PAY OFF” (1982)

In this speech given around 1982, NASA Administrator James Beggs justifies NASA’s existence by extolling its economic benefits. In addition to space travel and exploration, Beggs praises the technological advances in computing, electronics, and medicine. He also describes the enthusiasm that space travel brought to related industries and researchers, and the benefits of government-supported research and design that are then allowed to be commercialized.



If you look back to the origins of NASA—which goes back 67 years to the creation of the old National Advisory Committee on Aeronautics in 1915—Congress created an agency of this type because we found we couldn’t build an effective military aircraft in World War I. By the time World War II came along, we were pre-eminent in aeronautics. After the war, we started developing commercial air transports. At one time, we sold 90 percent of· all commercial air transports in the world; now we sell 60 percent

When NASA came into be1ng in 1958, the purpose was to move ahead in the space arena, where we were being challenged by the Soviets. We were successful there, too, gaining a pre-eminent position in space.

However, I believe that the kind of program we run in NASA is one that not only motivates the technology and aerospace industries, but also a lot of associated and some not-so-associated areas. For example, because we needed high-speed computers, we pushed very hard the computer sciences and software arts in the early years, which undoubtedly moved the technical level of high-speed computers much faster than it would have gone. And, of course, that’s another industry in which this country has been very successful.

The same was true of the solid-state electronics area, because we needed low-volume, lightweight gadgets for our spacecraft. In a less-related field, because we needed to monitor our astronauts, we pushed hard in the medical electronics area, which undoubtedly motivated a lot of developments there.

Now putting a price on pushing along the state of the art in medical electronics, in solid state, or in computers, is very hard. But we know it’s happening, and the industry folks who are working with us will tell you it’s happening. We have no problem getting a group of CEOs from a fairly broad spectrum of industry to come in and testify before the Congress—or to anyone else who will listen—that NASA is very worthwhile, from the point of view of advancing technology.

Just the work we have done in automated spacecraft—the Voyager, for example, which is a splendid achievement—has advanced the art of robotics. Again, hard to measure.

The other part of the program that’s difficult to quantify is the sense of pride and satisfaction the country derives from it. A lot of companies like to have a NASA program going all the time. They may not be making that much money out of it, but they say, “It stimulates our people.” It spurs them on in their other projects. And I think that’s very important. We demand very high standards of engineering and engineering management and control. That carries over to the rest of a company’s work, and those are things that eventually end up on the bottom line.

Another contribution of NASA is the happy marriage of government, university and industry that it embodies. It’s analogous to the creation of the land grant colleges during the Civil War, when the country agricultural agent went from college to farmer and back again. That made this country the most productive agricultural nation in the world.

Similarly, when NACA was created, an advisory committee was set up to tell the agency what kind of research was productive. The advisory committee was very insistent that NACA not carry the research into the development of aircraft. At the same time, the university representatives on the board insisted that NACA not duplicate research more properly done at university level.

University professors could always take a sabbatical and come in to do research at a NACA lab and that still holds today. At any given time, we have a couple of dozen professors in our labs gathering course material, writing a book or doing a research project. We’ve got statistics on the amount of course material that’s been developed from this interchange.

Just as the NACA advisory committee kept the agency out of development, I’m adamant that we pass along a project once it’s out of the R&D stage.

We ought to get out of the transportation business. Once the R&D is finished, we ought to pass it on to somebody—hopefully, private industry, but if not, to someone else in a governmental or quasi-governmental role and let them operate it. That’s what we did with the meteorological satellites, communications satellites and all the various and sundry satellite activities that go on either in other agencies or in the private sector.

. . . Then we can go on to the next major R&D project, which I’d like to believe is the space station—a permanent, manned presence in space. Beyond that, we will continue to push out the boundaries of science and technology in developing the various areas where space seems to have the peculiar environment that allows us to do things we can’t do on earth.

The general area of astrophysics is expanding, and our budget is growing there. Six to eight years from now, we should have all the equipment in place for a supernova watch. On average, supernovas occur about once every 100 years in a galaxy, and the last one in our galaxy was about 300 years ago. Ideally, we’ll be able to follow one throughout its life cycle and perhaps get some insight into how our solar system began.

It is, as one of our writers put it, the endless frontier. NASA spends 0.8 percent of the federal budget. If all we got from that money was the motivation of this country’s young people, I think the money would be well spent.

Source: “Beggs Address Entitled ‘Making Space Pay Off.’” Circa 1982. Beggs Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038469.pdf

PRESIDENT REAGAN, ADDRESS ON THE CHALLENGER DISASTER (JANUARY 28, 1986)

Five years after the Space Shuttle program began its operational flights, it was fulfilling its goals. Regular flights were occurring; the Shuttles were launching satellites and conducting experiments. In the process, many famous “firsts” were accomplished; in 1983, Sally Ride was the first American woman in space and Guion Bluford was the first African American in space.

The Space Shuttle Challenger was scheduled to lift off from Cape Canaveral, Florida, on January 28, with seven crew members on board. It was the twenty-fifth Space Shuttle launch and the tenth Challenger mission. In another first, Christa McAuliffe, a high school social studies teacher from Concord, New Hampshire, had won a nation-wide contest to join the flight crew in a program known as “Teacher in Space.” She would be the first citizen in space.1

Nationally televised due to the excitement of Teacher in Space, an estimated 17 percent of the American public (including many students in classrooms) watched the launch as the Challenger left the pad at Cape Canaveral. Seventy-three seconds into the flight, the rocket exploded off the Florida coast, killing all seven people on board. President Ronald Reagan addressed the nation that evening.



Ladies and gentlemen, I’d planned to speak to you tonight to report on the state of the Union, but the events of earlier today have led me to change those plans. Today is a day for mourning and remembering. Nancy and I are pained to the core by the tragedy of the shuttle Challenger. We know we share this pain with all of the people of our country. This is truly a national loss.

Nineteen years ago, almost to the day, we lost three astronauts in a terrible accident on the ground. But we’ve never lost an astronaut in flight; we’ve never had a tragedy like this. And perhaps we’ve forgotten the courage it took for the crew of the shuttle. But they, the Challenger Seven, were aware of the dangers, but overcame them and did their jobs brilliantly. We mourn seven heroes: Michael Smith, Dick Scobee, Judith Resnik, Ronald McNair, Ellison Onizuka, Gregory Jarvis, and Christa McAuliffe. We mourn their loss as a nation together.

For the families of the seven, we cannot bear, as you do, the full impact of this tragedy. But we feel the loss, and we’re thinking about you so very much. Your loved ones were daring and brave, and they had that special grace, that special spirit that says, “Give me a challenge, and I’ll meet it with joy.” They had a hunger to explore the universe and discover its truths. They wished to serve, and they did. They served all of us. We’ve grown used to wonders in this century. It’s hard to dazzle us. But for 25 years the United States space program has been doing just that. We’ve grown used to the idea of space, and perhaps we forget that we’ve only just begun. We’re still pioneers. They, the members of the Challenger crew, were pioneers.

And I want to say something to the schoolchildren of America who were watching the live coverage of the shuttle’s takeoff. I know it is hard to understand, but sometimes painful things like this happen. It’s all part of the process of exploration and discovery. It’s all part of taking a chance and expanding man’s horizons. The future doesn’t belong to the fainthearted; it belongs to the brave. The Challenger crew was pulling us into the future, and we’ll continue to follow them.

I’ve always had great faith in and respect for our space program, and what happened today does nothing to diminish it. We don’t hide our space program. We don’t keep secrets and cover things up. We do it all up front and in public. That’s the way freedom is, and we wouldn’t change it for a minute. We’ll continue our quest in space. There will be more shuttle flights and more shuttle crews and, yes, more volunteers, more civilians, more teachers in space. Nothing ends here; our hopes and our journeys continue. I want to add that I wish I could talk to every man and woman who works for NASA or who worked on this mission and tell them: “Your dedication and professionalism have moved and impressed us for decades. And we know of your anguish. We share it.”

There’s a coincidence today. On this day 390 years ago, the great explorer Sir Francis Drake died aboard ship off the coast of Panama. In his lifetime the great frontiers were the oceans, and an historian later said, “He lived by the sea, died on it, and was buried in it.” Well, today we can say of the Challenger crew: Their dedication was, like Drake’s, complete.

The crew of the space shuttle Challenger honored us by the manner in which they lived their lives. We will never forget them, nor the last time we saw them, this morning, as they prepared for their journey and waved goodbye and “slipped the surly bonds of earth” to “touch the face of God.”

Source: Public Papers of the Presidents of the United States. Ronald Reagan, 1986, Book 1. Washington, DC: Government Printing Office, 1988–1989, pp. 94–95.

WILLIAM GRAHAM ON THE FUTURE OF THE TEACHER IN SPACE PROGRAM (FEBRUARY 13, 1986)

After the Challenger disaster, the Space Shuttle program was immediately grounded for investigation into the accident. America was left to wonder what would be next. While the investigation, hearings, and Shuttle redesign would continue for nearly three years, NASA wasn’t willing to give up on the Shuttle program. In this press briefing (and the accompanying press release) two weeks after the accident, Acting NASA Administrator William Graham assured the public that the program would continue.



On January 28th, the day of the Challenger accident, President Reagan told the nation: “We’ll continue our quest in space. There will be more Shuttle flights and more Shuttle crews and yes, more volunteers, more civilians, more teachers in space. Nothing ends here. Our hopes and our journeys will continue.”

Last Friday, during his visit to a high school in the Washington, D.C. suburbs, the President pledged again that teachers would one day fly in space. He said then: “I don’t believe that this tragedy in any way should affect the policy that we had . . . The space program belongs to all of us and to the people. And the people can benefit. And, you bet, teachers are still on the list to go up.”

I have just completed a meeting with representatives of major national educational associations, the Young Astronauts Council and the Department of Education. They all expressed their strong and enthusiastic support of NASA’s educational goals and of the goals of the Teacher In Space Program. They are ready and eager to continue to work to fulfill them.

In implementing the President’s policy, I would like to reaffirm NASA’s continued support for the Space Flight Participant Program and, in particular, for the Teacher In Space effort of which it is a part.

I have asked Dr. Robert W. Brown, Director of NASA’s Educational Affairs Division, to continue activities associated with the goals of the Teacher In Space project. Those goals reflect NASA’s continuing commitment to education and to using the space program as a catalyst to stimulate young Americans to strive for excellence in all they do.

We are pleased that Barbara Morgan, Christa McAuliffe’s back-up, has agreed to assume a leadership role in the Teacher in Space Project at NASA Headquarters, and that the eight project finalists have said they will continue their efforts to promote the educational goals of the project.

The Space Ambassadors—the 112 finalists in the Teacher In Space Project—also have pledged their whole-hearted support. They will continue with their efforts to motivate students in their respective states to expand their horizons and to prepare for the future.

TEACHER IN SPACE PROGRAM TO CONTINUE

Dr. William R. Graham, Acting NASA Administrator, following a meeting with leaders of educational associations and teacher in space finalists, today affirmed the agency’s plan to continue the educational programs developed in conjunction with the Teacher in Space Project.

In the announcement Dr. Graham reiterated President Reagan’s statement that “ . . . There will be more Shuttle flights and more Shuttle crews and yes, more volunteers, more civilians, more teachers in space. Nothing ends here. Our hopes and our journeys continue.”

The original and continuing goals of NASA’s Educational Affairs Division, established in 1960, are to increase the prestige of the teaching profession, to increase the awareness in the education community of the impact of technology and science on this country’s future and to use space as a catalyst to enhance all subject areas and grade levels of our education systems. These goals have been an inherent part of NASA’s educational outreach program since its education office was established in 1960. The Teacher in Space Program represents an amplification of those goals.

NASA’s Educational Affairs Division, under the direction of Dr. Robert Brown, has received widespread support for the continuation of the program from teachers, students, the private sector and the general public since the tragedy. Educational organizations and entities such as the Department of Education, National Education Association, American Federation of Teachers, National Science Teachers Association, the Young Astronaut Council, the U.S. Space Camp and the Public Broadcasting Service also support continuation.

NASA plans include the following:



•Barbara Morgan will assume a leadership role in the Teacher in Space Program from NASA Headquarters when the Shuttle program resumes.

•The eight finalists will continue their efforts to promote the educational goals of the program. Each finalist is working on special projects.

•The 103 Space Ambassadors, finalists in the Teacher in Space Project, have rededicated their commitment to take an active role in their states to motivate young people to expand their horizons in preparation for the future.

•PBS and public television remain strong advocates of the program and will continue to produce and disseminate educational materials about the space program.

•The Teacher in Space Teacher’s Guide, the concept-based activities designed to strengthen critical thinking and problem-solving skills, will be useful in conjunction with all Shuttle missions.

•“Partnerships in Education” initiated with major national education associations will be developed further.

Source: “Graham Remarks at Press Briefing.” February 13, 1986. Graham Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000039531.pdf

JAMES FLETCHER, DESIGN OF THE SPACE STATION (MAY 14, 1986)

In the aftermath of the Challenger disaster, James Fletcher returned to a second term as NASA administrator. While the Shuttle program was grounded, work at NASA continued. In this press release, Fletcher announced that a design had been selected for a permanently manned space station. This plan for what would be known as the International Space Station (ISS) describes cooperation with Japan, the European Space Agency, and Canada; Russia would also be a major partner, but in 1986 they were focused on their own space station (Mir). While this plan calls for components to be launched as early as 1993, it would not be until 1998 that the first segment (a Russian module) would be launched. The first crew to live in the station would not arrive until November 2000.



NASA Administrator Dr. James C. Fletcher today announced the selection of a baseline configuration for the permanently manned Space Station. This configuration will be used to guide preliminary design activities for the remaining 8 months of the Phase B (definition and preliminary design) studies.

The announcement came after more than a year of study by NASA centers and contractor teams during which the overall architecture of the station was defined and specific subsystems for operating the Space Station were chosen.

Acting Associate Administrator for the Office of Space Station John D. Hodge described the baseline Space Station configuration at a news conference today in Washington, D.C.

President Reagan directed NASA in January 1984 to develop a permanently manned Space Station within a decade. Definition of Space Station architecture and subsystems began in April 1985 with the selection of eight U.S. aerospace companies to perform the detailed definition and preliminary design studies under contract to four NASA centers. The Space Station reference configuration used as a starting point for conducting the definition studies included unmanned free-flying platforms and a manned base called the “power tower.”

Important changes in the reference configuration of the Space Station have been made in response to user requirements. The “dual keel” Space Station provides for a better microgravity environment . . . increases useable area on the structure for attaching external payloads, allows better pointing accuracy due to the stiffer structure and reduces traffic through the laboratory modules.

As part of their definition activities, NASA and the contractors also studied the approach of initially man-tending the Space Station by phasing in the permanently-manned aspects of the program over a 3-to-5-year period. The current planning scenario for the baseline configuration can incorporate this man-tended approach, enabling a future decision on phasing in the permanently manned feature of the station. A report on this man-tended approach has been submitted to Congress.

A total of 14 Space Shuttle flights are required for assembly of the baseline Space Station configuration. Attached payloads and the laboratory module are scheduled to be carried up early in the assembly sequence to provide a useful capability for conducting early scientific operations prior to the addition of the habitation module. Two additional flights from the West Coast will be required to place the two planned polar platforms into orbit.

The current schedule calls for NASA to begin development of the Space Station in October 1986 with the contracts for actual hardware development slated for negotiation and signature in the spring of 1987. First element launch would occur in 1993, with a useful, permanently habitable station in place in 1994. The remaining elements required to complete assembly of the Space Station would be launched over the next 2 years.

Major features of the baseline configuration are:



•Dual keel configuration consisting of two vertical keels 361 feet long, connected by upper and lower horizontal booms 146 ft. long. The former reference configuration consisted of a single keel 400 ft. long. The Space Station now measures 503 ft. at its widest point from tip to tip of the transverse boom on which the power modules are mounted. The truss building block selected is a 16.4-ft. cube and is erectable by astronauts during extravehicular activity (EVA) and assisting fixtures. Struts will be made up of individual 2.12-inch outer diameter, .060-inch thick tubes of a graphite/epoxy composite material.

•Two 44.5-ft. long, 13.8-ft. interior diameter U.S. supplied modules with external interconnects. The reference configuration was four 35-ft. long modules with internal interconnects. Useable volume provided by two baseline-size modules is approximately the same as four reference-size modules. One U.S. module will provide laboratory functions and the other will be used for crew quarters. Baseline configuration also includes two smaller logistics modules 24.1 ft. long. One logistics module will be attached to the station for on-orbit use while the other is being replenished on the ground. Flights to exchange logistics modules will occur on approximately 90-day cycles. Module structures will be formed from aluminum waffle panels formed into four cylindrical and two conical segments. The habitation module will include a capacity to maintain up to eight crewmembers.

•Location of modules near the station’s center of gravity to provide the best possible microgravity environment for experiments. The reference configuration had modules clustered at the bottom of the single keel.

•Raft module pattern with four nodes and two tunnels to serve as module interconnects. The new configuration frees up the maximum useable volume inside the modules. The reference was racetrack configuration where modules were directly connected to each other. Nodes and tunnels will be made of aluminum. Nodes will be 12 ft. in diameter and have six 6.7-ft. diameter berthing ports. Tunnels will be 12 ft. long and 6.7 ft. in diameter.

•Internal module pressure of 14.7 per square inch and 80/20 nitrogen/oxygen mixture ratio to approximate sea level Earth atmospheric conditions. This atmosphere is compatible with the existing data base for life sciences experiments and due to its normal oxygen content will minimize flammability problems and ease constraints on materials that can be used inside the modules.

•Closed-loop environmental control and life support system. Oxygen and water (including wash water and urine, but excluding fecal water) will be recycled. Potable water will be distilled and nitrogen and food will be resupplied.

•Hybrid solar power system with 75 kilowatts of power at completion of station assembly period. Reference configuration used only photovoltaic system. The hybrid system will be designed so that 25 kilowatts are provided by the photovoltaic system and 50 kilowatts are supplied by the solar dynamics system. Nickel-hydrogen batteries will provide storage for the photovoltaic system to handle eclipse periods. The primary power distribution system is still under review.

•Five locations on the structure for placing attached payloads and a facility for servicing free flying spacecraft and platforms. Payload attach equipment could support four or more individual payloads. Possible locations include three on upper boom, one on left keel and one on lower boom. Two coarse pointing systems designed for accuracy of 1 arc minute also will be provided.

•Telerobotic servicer as a part of the baseline configuration. The servicer will be compatible with astronauts on EVAs or with mobile remote manipulator system for servicing attached payloads and free-flying spacecraft. Future application of the robotic servicer as a “smart” front end for an Orbital Maneuvering Vehicle is planned.

•Polar platform with useful payload on single Shuttle launch. Platform will have maximum equipment commonality with the Space Station such as solar arrays and nickel-hydrogen batteries.

•Co-orbiting platform with systems common to polar platform and manned base which can be used to support astrophysics and materials processing.

•Gaseous hydrogen/oxygen propulsion system for altitude boost with four modules located on the four quadrants of the Space Station. Thrusters on the propulsion modules will be in the 11.3-to-56.3-pound thrust range.

•Assembly altitude of 220 nautical miles. Operational altitude will be 250 nautical mi. minimum. Frequency of periodic reboost of station to operational altitude will be determined by solar activity.

•Metric as standard unit of measurement. Deviations permitted only where costs of implementing metric are unreasonable.

•Inclusion of international elements into the overall design, including the Canadian Mobile Servicing Center (MSC) and hardware provided by Japan and the European Space Agency. The MSC will include the Space Station remote manipulator system, end effectors, servicing tools, control stations and special purpose dextrous manipulators. NASA will provide the mobile capability for the MSC’s base structure. Japan is conducting preliminary design on a pressurized laboratory module with a local manipulator arm, attached work deck for mounting payloads requiring direct exposure to space, and an experiment logistics module. Discussions with ESA will continue to focus on a permanently attached pressurized laboratory for life sciences and materials experiments, a polar platform and a co-orbiting platform.

Source: “News Release—NASA Announces Baseline Configuration for Space Station.” May 14, 1986. Fletcher Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038280.pdf

REPORT ON THE CHALLENGER ACCIDENT (JUNE 6, 1986)

In this report on the Space Shuttle Challenger accident, the Presidential Commission tasked with investigating it came up with recommendations that should be effected before the Space Shuttle program began again. They involved reworking the design of the Solid Rocket Boosters, changing management structures, and focusing on safety, and improving communications. It would take an additional two years before Shuttle launches began again.

Recommendations

The Commission has conducted an extensive investigation of the Challenger accident to determine the probable cause and necessary corrective actions. Based on the findings and determinations of its investigation, the Commission has unanimously adopted recommendations to help assure the return to safe flight.

The Commission urges that the Administrator of NASA submit, one year from now, a report to the President on the progress that NASA has made in effecting the Commission’s recommendations set forth below:

- I -

Design. The faulty Solid Rocket Motor joint and seal must be changed. This could be a new design eliminating the joint or a redesign of the current joint and seal. No design options should be prematurely precluded because of schedule, cost or reliance on existing hardware. All Solid Rocket Motor joints should satisfy the following requirements:



•The joints should be fully understood, tested and verified.

•The integrity of the structure and of the seals of all joints should be not less than that of the case walls throughout the design envelope.

•The integrity of the joints should be insensitive to:

○Dimensional tolerances.

○Transportation and handling.

○Assembly procedures.

○Inspection and test procedures.

○Environmental effects.

○Internal case operating pressure.

○Recovery and reuse effects.

○Flight and water impact loads.

•The certification of the new design should include:

○Tests which duplicate the actual launch configuration as closely as possible.

○Tests over the full range of operating conditions, including temperature.

•Full consideration should be given to conducting static firings of the exact flight configuration in a vertical attitude.



Independent Oversight. The Administrator of NASA should request the National Research Council to form an independent Solid Rocket Motor design oversight committee to implement the Commission’s design recommendations and oversee the design effort. This committee should:



•Review and evaluate certification requirements.

•Provide technical oversight of the design, test program and certification.

•Report to the Administrator of NASA on the adequacy of the design and make appropriate recommendations.

- II -

Shuttle Management Structure. The Shuttle Program Structure should be reviewed. The project managers for the various elements of the Shuttle program felt more accountable to their center management than to the Shuttle program organization. Shuttle element funding, work package definition, and vital program information frequently bypass the National STS (Shuttle) Program Manager.

A redefinition of the Program Manager’s responsibility is essential. This redefinition should give the Program Manager the requisite authority for all ongoing STS operations. Program funding and all Shuttle Program work at the centers should be placed clearly under the Program Manager’s authority.

Astronauts in Management. The Commission observes that there appears to be a departure from the philosophy of the 1960s and 1970s relating to the use of astronauts in management positions. These individuals brought to their positions flight experience and a keen appreciation of operations and flight safety.



•NASA should encourage the transition of qualified astronauts into agency management positions.

•The function of the Flight Crew Operations director should be elevated in the NASA organization structure.



Shuttle Safety Panel. NASA should establish an STS Safety Advisory Panel reporting to the STS Program Manager. The Charter of this panel should include Shuttle operational issues, launch commit criteria, flight rules, flight readiness and risk management. The panel should include representation from the safety organization, mission operations, and the astronaut office.

- III -

Criticality Review and Hazard Analysis. NASA and the primary Shuttle contractors should review all Criticality 1, 1R, 2, and 2R items and hazard analyses. This review should identify those items that must be improved prior to flight to ensure mission safety. An Audit Panel, appointed by the National Research Council, should verify the adequacy of the effort and report directly to the Administrator of NASA.

- IV -

Safety Organization. NASA should establish an Office of Safety, Reliability and Quality Assurance to be headed by an Associate administrator, reporting directly to the NASA Administrator. It would have direct authority for safety, reliability, and quality assurance throughout the agency. The office should be assigned the work force to ensure adequate oversight of its functions and should be independent of other NASA functional and program responsibilities.

The responsibilities of this office should include:



•The safety, reliability and quality assurance functions as they relate to all NASA activities and programs.

•Direction of reporting and documentation of problems, problem resolution and trends associated with flight safety.

- V -

Improved Communications. The Commission found that Marshall Space Flight Center project managers, because of a tendency at Marshall to management isolation, failed to provide full and timely information bearing on the safety of flight 51-L to other vital elements of Shuttle program management.



•NASA should take energetic steps to eliminate this tendency at Marshall Space Flight Center, whether by changes of personnel, organization, indoctrination or all three.

•A policy should be developed which governs the imposition and removal of Shuttle launch constraints.

•Flight Readiness Reviews and Mission Management Team meetings should be recorded.

•The flight crew commander, or a designated representative, should attend the Flight Readiness Review, participate in acceptance of the vehicle for flight, and certify that the crew is properly prepared for flight.

- VI -

Landing Safety. NASA must take actions to improve landing safety.



•The tire, brake and nosewheel steering systems must be improved. These systems do not have sufficient safety margin, particularly at abort landing sites.

•The specific conditions under which planned landings at Kennedy would be acceptable should be determined. Criteria must be established for tires, brakes and nosewheel steering. Until the systems meet those criteria in high fidelity testing that is verified at Edwards, landing at Kennedy should not be planned.

•Committing to a specific landing site requires that landing area weather be forecast more than an hour in advance. During unpredictable weather periods at Kennedy, program officials should plan on Edwards landings. Increased landings at Edwards may necessitate a dual ferry capability.

- VII -

Launch Abort and Crew Escape. The Shuttle program management considered first-stage abort options and crew escape options several times during the history of the program, but because of limited utility, technical infeasibility, or program cost and schedule, no systems were implemented. The Commission recommends that NASA:



•Make all efforts to provide a crew escape system for use during controlled gliding flight.

•Make every effort to increase the range of flight conditions under which an emergency runway landing can be successfully conducted in the event that two or three main engines fail early in ascent.

- VIII -

Flight Rate. The nation’s reliance on the Shuttle as its principal space launch capability created a relentless pressure on NASA to increase the flight rate. Such reliance on a single launch capability should be avoided in the future.

NASA must establish a flight rate that is consistent with its resources. A firm payload assignment policy should be established. The policy should include rigorous controls on cargo manifest changes to limit the pressures such changes exert on schedules and crew training.

- IX -

Maintenance Safeguards. Installation, test, and maintenance procedures must be especially rigorous for Space Shuttle items designated Criticality 1. NASA should establish a system of analyzing and reporting performance trends of such items.

Maintenance procedures for such items should be specified in the Critical Items List, especially for those such as the liquid-fueled main engines, which require unstinting maintenance and overhaul.

With regard to the Orbiters, NASA should:



•Develop and execute a comprehensive maintenance inspection plan.

•Perform periodic structural inspections when scheduled and not permit them to be waived.

•Restore and support the maintenance and spare parts programs, and stop the practice of removing parts from one Orbiter to supply another.



Concluding Thought

The Commission urges that NASA continue to receive the support of the Administration and the nation. The agency constitutes a national resource that plays a critical role in space exploration and development. It also provides a symbol of national pride and technological leadership.

The Commission applauds NASA’s spectacular achievements of the past and anticipates impressive achievements to come. The findings and recommendations presented in this report are intended to contribute to the future NASA successes that the nation both expects and requires as the 21st century approaches.

Source: Report to the President by the Presidential Commission on the Space Shuttle Challenger Accident. June 6, 1989. NASA History Office. Available online at https://history.nasa.gov/rogersrep/genindex.htm

PRESIDENT REAGAN ON THE FUTURE OF THE SPACE PROGRAM (AUGUST 15, 1986)

As NASA began to move past the Challenger disaster, President Ronald Reagan announced its direction. To replace the lost orbiter, NASA would build a new orbiter (Endeavor, which first launched in 1992). In the meantime, however, NASA would focus on research and development, but not on space travel that had become routine, like launching commercial satellites. The private sector would have to take over, as had always been planned.



I am announcing today two steps that will ensure America’s leadership in space exploration and utilization. First, the United States will, in FY 1987, start building a fourth space shuttle to take the place of Challenger, which was destroyed on January 28th. This decision will bring our shuttle fleet up to strength and enable the United States to safely and energetically project a manned presence in space. Without the fourth orbiter, NASA’s capabilities would be severely limited and long-term projects for the development of space would have to be either postponed, or even canceled. A fourth orbiter will enable our shuttles to accomplish the mission for which they were originally intended and permit the United States to move forward with new, exciting endeavors like the building of a permanently manned space station.

My second announcement concerns the fundamental direction of the space program. NASA and our shuttles will continue to lead the way, breaking new ground, pioneering new technology, and pushing back the frontiers. It has been determined, however, that NASA will no longer be in the business of launching private satellites. The private sector, with its ingenuity and cost effectiveness, will be playing an increasingly important role in the American space effort. Free enterprise corporations will become a highly competitive method of launching commercial satellites and doing those things which do not require a manned presence in space. These private firms are essential in clearing away the backlog that has built up during this time when our shuttles are being modified.

We must always set our sights on tomorrow. NASA and our shuttles can’t be committing their scarce resources to things which can be done better and cheaper by the private sector. Instead, NASA and the four shuttles should be dedicated to payloads important to national security and foreign policy, and, even more, on exploration, pioneering, and developing new technologies and uses of space. NASA will keep America on the leading edge of change; the private sector will take over from there. Together, they will ensure that our country has a robust, balanced, and safe space program.

It has been over 6 months since the tragic loss of the Challenger and her gallant crew. We have done everything humanly possible to discover the organizational and technical causes of the disaster and to correct the situation. The greatest tribute we can pay to those brave pathfinders who gave their lives on the Challenger is to move forward and rededicate ourselves to America’s leadership in space.

Source: Public Papers of the Presidents of the United States. Ronald Reagan, 1986, Book 2. Washington, DC: Government Printing Office, 1989, pp. 1111–1112.

JAMES FLETCHER, REMARKS ON THE FUTURE OF NASA (AUGUST 27, 1986)

After a year of tragedy and looking back, NASA Administrator James Fletcher gave this speech to the Radio-Television News Director Association. In it, he looks forward at the future of NASA and the space program. While the investigation into the Challenger accident was continuing, Fletcher instead focused on building a space station, launching the Hubble telescope, and rebuilding the agency to meet the needs of the next generation of space exploration.



As men and women on the cutting edge of the news, you are probably more aware than most Americans of what NASA is doing to get the space program back on track following the accidents to Challenger and our expendable launch vehicles. You have followed our redesign efforts on the Shuttle’s solid rocket booster and the numerous personnel and management changes we are making to strengthen NASA and the way we manage our programs.

So, rather than dwell at length on details of what we are doing, let me assure you that NASA is on the move again. We are working as hard as we can to fix the Shuttle. That’s our first priority, and we believe we will have it fixed sometime during the first quarter of 1988.

We also are working with the Department of Defense and other government agencies to ensure that we have the capability required to meet the nation’s needs in space through the remainder of this decade and the next. We are endeavoring to accommodate all of our customers efficiently and effectively, within the limits of our capabilities at this time.

But even with four orbiters, the nation will also need a fleet of what we call expendable launch vehicles, or one-way rockets, to help meet those needs and to ensure America’s leadership in space exploration and utilization.

One of the scientific payloads to be launched soon after the Shuttle begins to fly again is the Hubble Space Telescope. The telescope is probably the most important scientific instrument ever to be put into space. It will expand our vision out to the beginnings of the universe, some 14 to 15 billion light years back. With it we will see objects seven times farther, 50 times fainter and with 10 times the clarity that we can with Earth-based telescopes. We will see the universe evolving towards its present state. What we will learn might very well help us to link the macro-processes of space with the micro-processes of the atom, and thus help to validate a unified field theory—a goal that eluded even Einstein.

NASA is also making good progress in restructuring the management of our programs—the Shuttle, the future Space Station, Aerospace Plane Research, and the space sciences. I’ve brought General Sam Phillips, who used to manage the Apollo program, back to find ways to do what we do better. One of his major tasks is to ensure that the NASA team is properly organized to use its skills and abilities to the fullest to attain the nation’s civilian goals in space.

The most important of those goals for the near-term is to establish a permanently-manned Space Station with international participation in near-Earth orbit by 1994. The Space Station will be the cornerstone of our expanded efforts in commerce, industry and science through the end of this century and well beyond. So it is vital that the program be managed properly. And we have announced a plan to do that.

I’m convinced that NASA will come through this period of reshaping and rebuilding a stronger and better agency, capable of reasserting and maintaining America’s leadership in space through the 1990s and well beyond.

Indeed, it is crucial that we do so. For make no mistake. We are entering a new era in which we can no longer take America’s leadership in space for granted.

There are now some 147 nations involved in space-based activities. The uses of space for science, for commerce, for industry and for national security will be expanding at an ever-increasing rate throughout the world. The Soviets, the Europeans, the Chinese and the Japanese all have their own launchers and their capabilities are growing.

The Europeans plan to build a Space Shuttle and the Soviets are developing one. Indeed, while our Space Station is still on the drawing boards, the Soviets have two Space Stations in orbit.

Mir, the newest and most advanced technologically, has been prepared for operation and certainly gives them the advantage in manned space operations for now. They plan to occupy it permanently and to make it the core of a busy complex of space-based factories, construction and repair facilities and laboratories.

All of this progress does not come without its cost. The challenge of expanding the space frontier is one of considerable risk and great complexity. It demands a sustained national commitment of will and resources—the kind of commitment Americans displayed in the Apollo era and the kind of commitment we urgently need today.

I believe we have come to a critical point in the history of the United States’ space program. If we want our country to continue to lead in space through the 1990s and beyond, we need to arouse public awareness of the need for a vigorous space program. The space program can only be what the people want it to be, and if they are to rally behind it they must know the stakes involved.

What really is at stake is the future of the United States’ space program, a program which has brought so much pride, technological, scientific and economic progress to America. . . .

In May, the National Commission on Space released its report on what we should be doing and where we should be going in space over the next 50 years. The report paints a bold and exciting vision of a golden age of space exploration and development.

It foresees astronauts on bases on the moon and on Mars by the year 2015. Looking to the nearer-term, it also outlines a step-by-step plan to build the next stage of spaceflight infrastructure, stressing that Earth-to-orbit transport costs must be cut to make space development worthwhile.

Once in place, this infrastructure would allow the United States to develop orbital industries, build a moon base, mine asteroids, join other nations in exploring Mars, or do whatever else it wants to do in space over the next half-century. . . .

Such exciting prospects do not obscure the fundamental question: Will we want to fulfill that vision? Only the American people can answer that question.

Source: “Excerpts of Remarks Prepared for Delivery: Radio-Television News Directors.” August 27, 1986. Fletcher Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038286.pdf

JAMES FLETCHER, “A CASE FOR MARS” (JULY 18, 1987)

At the third Case for Mars conference in 1987, NASA Administrator James Fletcher looked toward the future of space exploration. Under the assumption that the Shuttle program would begin again and a space station would be built as planned, Fletcher looked at what the next goal might be—and declared it to be sending a manned mission to Mars. In this speech, Fletcher lays out what the United States had already accomplished in Mars exploration and what would still need to be done before a manned mission would be possible.



I am delighted to be here. This Case for Mars III Conference demonstrates, as did its two predecessor conferences, that national interest in Mars exploration is growing at an ever-increasing rate.

And that is both welcome and understandable. On this 11th anniversary of the arrival of the first Viking Lander on Mars, the nation’s space program is making a strong new beginning. We forward in new directions in the years ahead.

One of those directions will take us back to Mars before the turn of the century with the Mars Observer, which will make a two-year long global survey of the planet with emphasis on geoscience and climatology. A possible follow-up mission, still on the drawing boards, but high on our priority list, is a Mars Sample Return. Farther down the road is the exciting prospect of a manned mission to Mars.

In fact, the question no longer is whether people will go to Mars some day. I firmly believe that we should go to Mars. And I am confident we will go. But how and when remain to be determined.

NASA has received very strong support from this Administration, at a time when budgets for many agencies are being cut. However, we also understand the fiscal realities that confront us, and we will continue to evaluate any Mars efforts in the context of these realities.

I believe we can achieve great things in space if we continue to strive hard for a strong space program within our means as a Nation.

People could be en route to Mars in the early decades of the next century. But, before that happens, much needs to be done, and done in a logical and orderly way.

That is why I believe we must begin now to define such a mission and the technologies that will be required for its success. And that is what I will talk about today.

But, before I do, let me take this occasion of the Viking Lander anniversary to focus briefly on the information we gained about Mars from Viking, for that information will be the underpinning of any successful manned mission to Mars.

Looking back, the Viking landing was a truly incredible event—the first soft landing of an American spacecraft on Mars, and perhaps the most significant landing on a new world since Apollo 11. And, as you all know, it came on a most appropriate anniversary—seven years to the day the lunar lander Eagle, carrying Astronauts Neil Armstrong and Buzz Aldrin, set down on the Moon. I’ll have more to say about the meaning of Apollo in the context of a manned Mars mission later on. But let’s get back to Viking.

You’ll recall that the two Viking launches deployed four spacecraft—two orbiters and two landers—in the vicinity of Mars in mid-1976. The spacecraft were planned to operate for a year, but they proved much more durable. The system was fully operational for two years and partially operational for seven.

As you’ll recall, Orbiter 2 operated until July 1978, when it used up its nitrogen attitude control gas; Orbiter 1 was switched off in August 1980, when its gas ran out. Lander 2 was shut down in mid-March 1980 because of a power failure. Lander 1 eventually was reported out of commission in March 1983.

The two landers were positioned on the flat plains of Mars’ northern hemisphere, more than 4,000 miles apart. They photographed the terrain, measured and monitored the atmosphere and climate and conducted chemical and biological tests on the soil for evidence of rudimentary life forms.

It was very ambitious technology and complex science and was all operated from distances of 65 million to more than 100 million kilometers.

What did Viking teach us about Mars? In brief, it told a story of a planet that is pretty quiet now with only a trace of seismic activity; but one with a very active past. Volcanoes, half aga1n as high as any on Earth, and great eroded canyons, deeper and longer than any on Earth, were evidence of Mars’ geologically active past. These mountains and valleys were first photographed in 1972, after a gigantic dust storm had subsided, by Mariner 9, the first American spacecraft to orbit another planet.

Numerous large channels with flow markings and tributaries range over the Martian surface. They were almost certainly carved by water, hundreds of millions to billions of years ago. In fact, there is still water on Mars, some in the polar caps in the form of water ice together with carbon dioxide ice. And there may be more water buried beneath the surface, probably in the form of perma-frost.

Viking found that Mars has seasons and that atmospheric moisture moves from one hemisphere to another as the seasons change. Overall the seasonal and daily temperatures measured ranged from a low of −92 degrees F. at night, to a high of -13 degrees F. in the afternoon. It’s cold and dry on Mars, with no rain and no snow.

Trace gases suggest Mars’ atmosphere may once have been much denser than it is now. But today, atmospheric pressure is less than 1/100th that of Earth. The composition of the atmosphere is 95 per cent carbon dioxide, with minor amounts of nitrogen, argon, water, oxygen and other gases. In summer, water vapor may be two or three per cent, but it drops to near-zero in winter.

Finally, what of life? Viking’s complex biology instruments tested the soil over and over again. The results were either negative or ambiguous. The question remains unresolved.

However that question is answered—and I have no doubt that it will be answered sooner than many believe—one thing is clear. Viking’s legacy lends credibility and scientific substance to the vision of humans actually living and working on Mars.

Viking data will enable us to design ships to land on its surface, aircraft to cruise in its atmosphere and life support systems to sustain human life there.

The data also raised the possibility that by making small, precise changes such as seeding the polar caps with carbon, we might free water to evaporate and thus, begin to transform the planet into an Earth-like habitat for future human settlements. . . .

Clearly, we can never know too much about a planet on which we intend some day to land human beings. What else will we want to know about Mars?

We will want to know more about the extent and location of water resources; about the quantity of dust in the atmosphere—the extent, origin and duration of the great storms that sweep the planet.

We will need cloud measurements, and further knowledge about the frosts that come to the planet’s surface. As in the Apollo program, we will have to survey the planet with automated and robotic spacecraft to determine the best and most productive landing sites.

We will need to launch robotic missions to bring soils and rock samples to the Space Station and then to Earth in order to more fully understand their origin, makeup, ability to sustain vegetation and whether they contain potentially harmful organisms.

Having done all that, we could focus intensively on the journey itself. And what a journey it will be! Going to the Moon took two and a half days. But the distance to Mars is such that a roundtrip will take a minimum of one to two years. . . .

What then, must we prepare to begin to do now—in science and in technology—in order to send astronauts to Mars after the turn of the century? I believe there are at least seven near-term steps we must take. In no particular priority order, they are:

First, perform life sciences studies in long-term space stays at the Space Station in order to better understand the required G-level, or countermeasures for zero-G;

Second, develop and demonstrate a closed loop life support system designed to operate for at least one or two years in space;

Third, develop a heavy lift launch vehicle;

Fourth, demonstrate space medicine and surgical procedures for use on long space voyages;

Fifth, construct and demonstrate lightweight, aerobrakes for reducing transfer propellant requirements at both Mars and the Earth;

Finally, demonstrate large-scale assembly and servicing at the Space Station. . . .

How we meet the President’s challenge will determine America’s stake in world leadership—in science, in technology and in space—for many years to come. It’s up to all of us to be bold and imaginative, to grasp the opportunities to explore new worlds and to help expand the human presence into the solar system.

Source: “A Strategy for Mars: The Case for Mars III.” July 18, 1987. Fletcher Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038303.pdf

THE RIDE REPORT: AMERICA’S FUTURE IN SPACE (AUGUST 1987)

Astronaut Sally Ride led a task force to help redirect NASA’s strategy after the Challenger explosion. Her team proposed four main initiatives, including studying Earth, exploring the solar system, building a manned station on the Moon, and sending humans to Mars. The report also recognized some risks: draining necessary resources from other programs, depending too heavily on the Space Shuttle program, and focusing too heavily on one program over another.

LEADERSHIP INITIATIVES

To energize a discussion of long-range goals and strategies for the civilian space program, four bold initiatives were selected for definition, study, and evaluation:



1. Mission to Planet Earth: a program that would use the perspective afforded from space to study and characterize our home planet on a global scale.

2. Exploration of the Solar System: a program to retain U.S. leadership in exploration of the outer solar system, and regain U.S. leadership in exploration of comets, asteroids, and Mars.

3. Outpost on the Moon: a program that would build on and extend the legacy of the Apollo Program, returning Americans to the Moon to continue exploration, to establish a permanent scientific outpost, and to begin prospecting the Moon’s resources.

4. Humans to Mars: a program to send astronauts on a series of round trips to land on the surface of Mars, leading to the eventual establishment of a permanent base.



The intent is not to choose one initiative and discard the other three, but rather to use the four candidate initiatives as a basis for discussion. For this reason, it was important to choose a set of initiatives which spanned a broad spectrum of content and complexity.

The ground rules for this study are important to understand, since they influenced the detailed definition of the initiatives. The ground rules, set forward at the outset of this study, were:



•The initiatives should be considered in addition to currently planned NASA programs. They were not judged against, nor would they supplant, existing programs.

•Each initiative should be developed independently. There is, of course, considerable synergism between certain initiatives. For example, one possible progression for human exploration could be the development of a lunar outpost, followed by an expedition to Mars. However, in order to provide a clear starting point for discussion, the four were considered to be distinct. The initiatives should achieve major milestones within two decades.

•The Humans to Mars initiative should be assumed to be an American venture. It was beyond the scope of this work to consider joint U.S./Soviet human exploration.



The candidate initiatives were developed and presented to NASA management to: (1) evaluate the initiatives and their implications, and (2) promote a discussion of the attributes of each initiative to determine the elements which are most important to NASA and to the United States.

Each initiative was developed by a separate task group, which discussed the goals, milestones, and elements of the initiative, and then determined the requisite transportation, space facilities, and technologies. For each initiative, an “advocate” was identified to work with appropriate NASA personnel to develop programmatic details. These four advocates presented the strategies, scenarios, requirements, and rationale to senior NASA management.

Two initiatives, Mission to Planet Earth and Exploration of the Solar System, had a body of recent work from which to draw. The 1986 report of the Earth System Sciences Committee of the NASA Advisory Council, Earth System Science: A Program for Global Change, clearly states goals for the future observation of Earth. Two reports by the Solar System Exploration Committee of the NASA Advisory Council similarly articulate goals and recommendations for solar system exploration. Titled Planetary Exploration through Year 2000: Part One: A Core Program, and Part Two: An Augmented Program, these reports outline both a conservative, steady program for solar system exploration and a set of more challenging, exciting missions to be undertaken if resources to do so become available. The other two initiatives, Outpost on the Moon and Humans to Mars, did not have clearly delineated strategies available and no specific organization within NASA was dedicated to their advocacy. . . .

PROGRAMMATIC ASSESSMENT

Each of the initiatives described in the previous section is a worthwhile program. Although each has something different to offer, each falls within the framework of NASA’s vision, each builds on and extends existing capabilities, and each elicits the reaction, “America ought to be doing this.” In the absence of fiscal and resource constraints, the United States would undoubtedly adopt all four. In the presence of those very real constraints, and the additional constraints imposed by the current state of our civilian space program, this course of action is not possible.

In its desire to revitalize the civilian space program, NASA must avoid the trap identified by the Rogers Commission during its investigation of the Challenger accident: “The attitude that enabled the agency to put men on the moon and to build the Space Shuttle will not allow it to pass up an exciting challenge—even though accepting the challenge may drain resources from the more mundane (but necessary) aspects of the program.” The Commission further observed (in reference to the Shuttle flight rates): “NASA must establish a realistic level of expectation, then approach it carefully.”

To establish a realistic level of expectation, NASA must consider the current condition of the space program, its strengths and limitations, and its capabilities for growth. Any bold initiative has to begin with and then build on today’s space program, which unfortunately lacks some fundamental capabilities. For example, our most critical commodity, Earth-to-orbit transportation, is essential to each of the initiatives. But the Space Shuttle is grounded until at least June of 1988, and when it does return to flight status, the flight rate will be considerably lower than that projected before the Challenger accident (a four-Shuttle fleet is estimated to be capable of 12 to 14 flights per year).

In hindsight, it is easy to recognize that it was a crippling mistake to decree that the Space Shuttle would be this country’s only launch vehicle. Several studies since the Challenger accident have recommended that the civilian space program include expendables in its fleet of launch vehicles. This strategy relieves some of the burden from the Shuttle, gives the country a broader, more flexible launch capability, and makes the space program less vulnerable in the event of an accident.

The problem of limited launch capability or availability will be magnified during the assembly and operation of the Space Station. Currently, NASA plans to use only the Space Shuttle to transport cargo and people to and from the Space Station. This places a heavy demand on the Shuttle (six to eight flights per year), but more important, it makes the Space Station absolutely dependent on the Shuttle. If Shuttle launches should be interrupted again in the mid-1990s, this nation must still have access to space and the means to transport cargo and people to and from the Space Station. The importance of this capability was emphasized by the National Commission on Space in its report, Pioneering the Space Frontier: “Above all, it is imperative that the US maintain a continuous ability to put both humans and cargo into orbit.” . . .

CONCLUSION

Over the last 25 years, as a result of the success of programs like Apollo, Skylab, Viking, Voyager, and the Space Shuttle, the American public has come to expect this country to lead the world in space science, space exploration, and space enterprise. But during the 1980s, membership in the once-exclusive club of spacefaring nations has grown, and our leadership is being challenged in many areas.

In today’s world, America clearly cannot be the leader in all space endeavors. But we will be the leader in very few unless we move promptly to develop a strategy to regain and retain leadership in those areas we deem important.

Leadership results from both the capabilities a country has acquired and the active demonstration of those capabilities. Thus, the strategy we choose must lay a strong foundation of scientific research and technology development, and must include visible, significant accomplishments that demonstrate the successful pursuit of our stated goals.

To stimulate a discussion of the future of the U.S. civilian space program, four potential leadership initiatives were developed. Each fits comfortably under the umbrella of NASA’s charter, each contains visible milestones within the next two decades, and each requires a solid foundation of technology, transportation, and orbital facilities.

It would not be good strategy, good science, or good policy for the U.S. to select a single initiative, then pursue it single-mindedly. The pursuit of a single initiative to the exclusion of all others results in leadership in only a limited range of space endeavor.

A strategy for the U.S. space program must be carefully selected to be consistent with our national aspirations and consistent with NASA’s capabilities. It is not NASA’s role to determine the strategy for the civilian space program. But it is NASA’s role to lead the debate, to propose technically feasible options, and to make thoughtful recommendations.

It is in this spirit that we suggest the outline of one strategy—a strategy of evolution and natural progression. The strategy would begin by increasing our capabilities in transportation and technology—not as goals in themselves, but as the necessary means to achieve our goals in science and exploration. The most critical and immediate needs are related to advanced transportation systems to supplement and complement the Space Shuttle, and advanced technology to enable the bold missions of the next century. Until we can get people and cargo to and from orbit reliably and efficiently, our reach will exceed our grasp; until we begin the technologies proposed by Project Pathfinder, the realization of our aspirations will remain over a decade away.

The strategy emphasizes evolving our capabilities in low-Earth orbit, and using those capabilities to study our own world and explore others. With these capabilities, we would position ourselves to lead in characterizing and understanding planet Earth; we would also position ourselves to continue leading the way in human exploration.

According to the NASA Advisory Council’s Task Force on Goals, “Recognized leadership absolutely requires the expansion of human life beyond the Earth, since human exploration is one of the most challenging and compelling displays of our spacefaring abilities.”

We should explore the Moon for what it can tell us, and what it can give us—as a scientific laboratory and observing platform, as a research and technology test bed, and as a potential source of important resources. While exploring the Moon, we would learn to live and work on a hostile world beyond Earth. This should be done in an evolutionary manner, and on a time scale that is consistent with our developing capabilities.

The natural progression of human exploration then leads to Mars. There is no doubt that exploring, prospecting, and settling Mars should be the ultimate objectives of human exploration. But America should not rush headlong toward Mars; we should adopt a strategy to continue an orderly expansion outward from Earth.

The National Commission on Space urges 21st Century America “To lead the exploration and development of the space frontier, advancing science, technology, and enterprise, and building institutions and systems that make accessible vast new resources and support human settlements beyond Earth orbit, from the highlands of the Moon to the plains of Mars.” The United States space program needs to define a course to make this vision a reality.

Source: Ride, Sally K. “NASA Leadership and America’s Future in Space.” August 1987. NASA History Office. Available online at https://history.nasa.gov/riderep/begin.htm

PRESIDENT BUSH’S REMARKS ON THE 20TH ANNIVERSARY OF APOLLO 11 (JULY 20, 1989)

Speaking in front of the National Air and Space Museum, President George H. W. Bush recalls the magic of the lunar landing for those on the ground. He then calls for the completion of Space Station Freedom within the next 10 years to continue the NASA mission. Following the launch of Freedom, he plans to have NASA return to the Moon, and then travel on to Mars.



Behind me stands one of the most visited places on Earth, a symbol of American courage and ingenuity. And before me stand those on whose shoulders this legacy was built: the men and women of the United States astronaut corps. And we are very proud to be part of this unprecedented gathering of America’s space veterans and to share this stage with three of the greatest heroes of this or any other century: the crew of Apollo 11.

It’s hard to believe that 20 years have passed. Neil [Armstrong] and Buzz [Aldrin], who originated the moonwalk 15 years before Michael Jackson ever even thought of it. And Michael Collins, former director of this amazing museum and the brave pilot who flew alone on the dark side of the Moon while Neil and Buzz touched down—Mike, you must be the only American over age 10 that night who didn’t get to see the Moon landing.

And later this evening after the crowd disperses and the Sun goes down, a nearly full Moon will rise out of the darkness and shine down on an America that is prosperous and at peace. And for those old enough to remember that historic night 20 years ago, step outside tonight with your children or your grandchildren, lift your eyes skyward, and tell them of the flag—the American flag—that still flies proudly in the ancient lunar soil. And for those who were not yet born or then too young to recall—you who are the children of the new century, raise your eyes to the heavens and join us in a great dream, an American dream, a dream without end.

Project Apollo, the first men on the Moon—some called it quixotic, impossible—had never been done. But America dreamed it, and America did it. And it began on July 16th, 1969. The Sun rose a second time that morning as the awesome fireball of the Saturn V lifted these three pioneers beyond the clouds. A crowd of one million, including half of the United States Congress, held its breath as the Earth shook beneath their feet and our view of the heavens was changed forevermore.

Three days and three nights they journeyed. It was a perilous, unprecedented, breathtaking voyage. And each of us remember the night. Barbara and our daughter, Dorothy, were with me in our red-brick house right here on the outskirts of Washington, where we moved up here to represent Houston in the United States Congress. Our 12-year-old kid, Marvin, was on a trip out West with family friends and remembers stopping at a roadside motel to watch. Second boy, Jeb, 16 that summer—teaching English and listening by radio in a small Mexican village where electricity had yet to arrive.

The landing itself was harrowing. Alarms flashed, and a computer overload threatened to halt the mission while Eagle dangled thousands of feet above the Moon. Armstrong seized manual control to avoid a huge crater strewn with boulders. With new alarms signaling a loss of fuel and the view now blocked by lunar dust, Mission Control began the countdown for a mandatory abort.

America, indeed the whole world, listened—a lump in our throat and a prayer on our lips. And only 20 seconds of fuel remained. And then out of the static came the words: “Houston—Tranquility Base here: The Eagle has landed.”

Within one lifetime, the human race had traveled from the dunes of Kitty Hawk to the dust of another world. Apollo is a monument to our nation’s unparalleled ability to respond swiftly and successfully to a clearly stated challenge and to America’s willingness to take great risks for great rewards. We had a challenge. We set a goal. And we achieved it.

So, today is not only an occasion to thank these astronauts and their colleagues—the thousands of talented men and women across the country whose commitment, creativity, and courage brought this dream to life—it’s also a time to thank the American people for their faith, because Apollo’s success was made possible by the drive and daring of an entire nation committed to a dream.

In the building behind me are the testaments to Apollo and to what came before—the chariots of fire flown by Armstrong, Yeager, Lindbergh, and the Wrights. And in the National Archives, across the great expanse of grass, are preserved the founding documents of the idea that made it all possible—the world’s greatest experiment in freedom and diversity. And here, standing between these twin legacies, is a fitting place to look forward to the future, because the Apollo astronauts left more than flags and footprints on the Moon; they also left some unfinished business. For even 20 years ago, we recognized that America’s ultimate goal was not simply to go there and go back, but to go there and go on. Mike Collins said it best: “The Moon is not a destination; it’s a direction.”

And space is the inescapable challenge to all the advanced nations of the Earth. And there’s little question that, in the 21st century, humans will again leave their home planet for voyages of discovery and exploration. What was once improbable is now inevitable. The time has come to look beyond brief encounters. We must commit ourselves anew to a sustained program of manned exploration of the solar system and, yes, the permanent settlement of space. We must commit ourselves to a future where Americans and citizens of all nations will live and work in space.

And today, yes, the U.S. is the richest nation on Earth, with the most powerful economy in the world. And our goal is nothing less than to establish the United States as the preeminent spacefaring nation.

From the voyages of Columbus to the Oregon Trail to the journey to the Moon itself: history proves that we have never lost by pressing the limits of our frontiers. Indeed, earlier this month, one news magazine reported that Apollo paid down-to-earth dividends, declaring that man’s conquest of the Moon “would have been a bargain at twice the price.” And they called Apollo “the best return on investment since Leonardo da Vinci bought himself a sketch pad.”

In 1961 it took a crisis—the space race—to speed things up. Today we don’t have a crisis; we have an opportunity. To seize this opportunity, I’m not proposing a 10-year plan like Apollo; I’m proposing a long-range, continuing commitment. First, for the coming decade, for the 1990’s: Space Station Freedom, our critical next step in all our space endeavors. And next, for the new century: Back to the Moon; back to the future. And this time, back to stay. And then a journey into tomorrow, a journey to another planet: a manned mission to Mars.

Each mission should and will lay the groundwork for the next. And the pathway to the stars begins, as it did 20 years ago, with you, the American people. And it continues just up the street there, to the United States Congress, where the future of the space station and our future as a spacefaring nation will be decided.

And, yes, we’re at a crossroads. Hard decisions must be made now as we prepare to enter the next century. As William Jennings Bryan said, just before the last turn of the century: “Destiny is not a matter of chance; it is a matter of choice. It is not a thing to be waited for; it is a thing to be achieved.”

And to those who may shirk from the challenges ahead, or who doubt our chances of success, let me say this: To this day, the only footprints on the Moon are American footprints. The only flag on the Moon is an American flag. And the know-how that accomplished these feats is American know-how. What Americans dream, Americans can do. And 10 years from now, on the 30th anniversary of this extraordinary and astonishing flight, the way to honor the Apollo astronauts is not by calling them back to Washington for another round of tributes. It is to have Space Station Freedom up there, operational, and underway, a new bridge between the worlds and an investment in the growth, prosperity, and technological superiority of our nation. And the space station will also serve as a stepping stone to the most important planet in the solar system: planet Earth.

As I said in Europe just a few days ago, environmental destruction knows no borders. A major national and international initiative is needed to seek new solutions for ozone depletion and global warming and acid rain. And this initiative, “Mission to Planet Earth,” is a critical part of our space program. And it reminds us of what the astronauts remember as the most stirring sight of all. It wasn’t the Moon or the stars, as I remember. It was the Earth—tiny, fragile, precious, blue orb—rising above the arid desert of Tranquility Base.

The space station is a first and necessary step for sustained manned exploration, one that we’re pleased has been endorsed by Senator Glenn, and Neil Armstrong, and so many of the veteran astronauts we honor today. But it’s only a first step. And today I’m asking my right-hand man, our able Vice President, Dan Quayle, to lead the National Space Council in determining specifically what’s needed for the next round of exploration: the necessary money, manpower, and materials; the feasibility of international cooperation; and develop realistic timetables—milestones—along the way. The Space Council will report back to me as soon as possible with concrete recommendations to chart a new and continuing course to the Moon and Mars and beyond.

There are many reasons to explore the universe, but 10 very special reasons why America must never stop seeking distant frontiers: the 10 courageous astronauts who made the ultimate sacrifice to further the cause of space exploration. They have taken their place in the heavens so that America can take its place in the stars.

Like them, and like Columbus, we dream of distant shores we’ve not yet seen. Why the Moon? Why Mars? Because it is humanity’s destiny to strive, to seek, to find. And because it is America’s destiny to lead.

Six years ago, Pioneer 10 sailed beyond the orbits of Neptune and of Pluto—the first manmade object to leave the solar system, its destination unknown. It’s now journeyed through the tenures of five Presidents—4 billion miles from Earth. In the decades ahead, we will follow the path of Pioneer 10. We will travel to neighboring stars, to new worlds, to discover the unknown. And it will not happen in my lifetime, and probably not during the lives of my children, but a dream to be realized by future generations must begin with this generation. We cannot take the next giant leap for mankind tomorrow unless we take a single step today.

To all of you here, our able director of NASA and others who’ve served so well—to all of you here, and especially the astronauts: We wish you good luck in your quests, wherever that may take you. Godspeed to you, one and all, and God bless the United States of America. Thank you all very, very much.

Source: Public Papers of the Presidents of the United States. George Bush, 1989, Book 2. Washington, DC: Government Printing Office, 1990, pp. 990–993.
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1. “Citizen” in the sense of having no connection either with government or with private aerospace industry.


Chapter 6: To Mars and Beyond (1990s)

Although NASA put aside any thoughts of sending humans to Mars in the post-Apollo years, a group of young space scientists persisted; calling themselves the Mars Underground, and somewhat delighting in the subversive sound of that name, they organized the Case for Mars conference in 1981. It was such a success that they held five successive conferences at three-year intervals. It was at the Case for Mars II conference in 1984 that Edwin Aldrin, who had walked on the Moon with Neil Armstrong in 1969, presented his concept of a fleet of space stations that would cycle between Earth and Mars, providing a permanent link between the two planets.

Meanwhile, the Space Shuttle was not living up to its billing to make space travel routine and inexpensive. This magnificent flying machine that orbited Earth on a few missions per year, soon to be joined by a space station that would orbit Earth endlessly, was a pale vision compared to the Apollo years of walking on the Moon. Ronald Reagan’s Strategic Defense Initiative (SDI), announced in 1983, promised to expand the Cold War into space, with dozens and perhaps hundreds of robotic battle stations circling the globe, ready to shoot down Soviet missiles. In the wake of the Challenger accident, as a countering vision to SDI, a movement emerged in answer to both, which also embraced the era of glasnost (openness) and perestroika (restructuring) launched under the leadership of the new Soviet president Mikhajl Gorbachyov: Mars Together. The hope of its proponents, among whom were astronomer Carl Sagan and Senator Spark Matsunaga, was that a jointly undertaken project to send humans to explore Mars would bring the two Cold War antagonists together and promote peace, as well as spread the cost of the undertaking between those two nations, thus making it more financially feasible. Gorbachyov indicated that he was amenable.

In parallel with the Mars Together movement, there was some interest within the U.S. government to move beyond Earth orbit once again. In 1986, a task force led by astronaut Sally Ride was asked to formulate a new strategy for NASA. The Ride Report, issued the following year, recommended, among other things, an outpost on the Moon and human missions to Mars. There was a bit of Mars fever among space enthusiasts as the Red Planet steadily brightened during the spring of 1988, and in July it made one of its closest approaches to Earth in decades.

On July 20, 1989, the 20th anniversary of Apollo 11’s first manned landing on the Moon, President George H. W. Bush announced his Space Exploration Initiative with the goal of returning humans to the Moon and sending crews to Mars. It was rather less than a “Kennedy moment.” In May 1961, the Kennedy administration had previously consulted congressional leaders, and as a result, the initial funding to send men to the Moon was assured. The Bush administration failed to do this preparatory work, springing a surprise on Congress. Worse still, at the conclusion of NASA’s 90-Day Study that autumn, was the price tag: $258 billion. Congress balked; Senator Albert Gore, Jr., the chair of the NASA Authorization Panel, who had leaned toward the Mars Together movement during his 1988 campaign for the Democratic Party’s presidential nomination, reversed course, declaring, “Before discussing a mission to Mars, the Administration needs a mission to reality.” There was surprisingly little enthusiasm for a manned Mars program among the generation of NASA managers who had succeeded the German émigrés, and in particular, Administrator Richard Truly was a “Shuttle-hugger,” reluctant to commit NASA to a bold mission beyond what had become the space agency’s comfort zone. Talk of going to Mars faded over the next couple of years; Mars Alone was financially unviable, and Mars Together became impossible as the Soviet Union disintegrated in the wake of an imploding economy. In 1990, Pulitzer Prize-winning journalist John Noble Wilford published Mars Beckons, and Apollo 11 astronaut Michael Collins published Mission to Mars; also, a study led by Apollo 10 astronaut Thomas Stafford issued a report in 1991 with recommendations similar to those of the 1987 Ride Report, but the Mars fever had broken in political circles.

Meanwhile, the International Space Station (ISS) faced cancelation. The project was rescued when it became politically expedient for the United States to keep Russian rocket engineers employed, a sort of space age Marshall Plan, for fear that this pool of expertise might otherwise drift into the service of regimes more threatening to the United States. The Soviet Union had begun its orbital assembly of space station Mir a few weeks after the Challenger accident, and now its successor state, the Russian Federation, was struggling to maintain its permanent human presence in space. A Mir 2 station had been planned under the Soviet regime, but its prospects were now dim due to financial constraints. The Clinton administration struck a deal with President Boris Yeltsin to bring Russia into the ISS partnership. The United States financed some of the work to complete space station modules that had been intended for Mir 2, and the ISS became a cluster (some might say a “kludge”) of components from the United States, Russia, Canada, Japan, and Europe. The U.S. and Russian manned space programs, having competed for the same goals in the 1960s, then having pursued divergent goals in the 1970s and 1980s, now finally became highly cooperative as a number of Space Shuttle missions visited Mir in a series of steps toward constructing the ISS. Assembly of the ISS began in late 1998 with the orbiting and docking of the Russian module Zarya and the American module Unity, the latter carried aboard OV-105 Endeavour. At last, the space shuttle was performing the primary mission for which it had been designed nearly 30 years earlier: constructing a space station.

Although the Moon and Mars did not capture the interest of the Clinton administration, occupied as it was with protecting the ISS from cancelation, NASA continued to study manned missions to Mars. It issued its Mars Design Reference Mission (DRM) report in May 1993. In 1997, NASA created a Mars Exploration Team whose study delved into more detail in an effort to reduce the estimated cost of such a program; later NASA documents referred to it as DRM 2. The next iteration, DRM 3, issued in June 1998, was a continuation of the 1997 study, and a DRM 4 came out later that year. Also in 1998, the Mars Society, inheriting many of the members of the Mars Underground, held its founding convention.

As the ISS took shape during the first years of the twenty-first century the George W. Bush administration considered the next challenge for NASA. Disaster struck the U.S. manned space program on February 1, 2003 when OV-102 Columbia disintegrated during its reentry into the atmosphere. During STS-107’s launch 16 days earlier, a chunk of ice-laden foam insulation had dislodged from the External Tank and struck the leading edge of Columbia’s left wing, damaging the fragile Thermal Protection System (TPS) tiles in a critical area. As Columbia encountered the atmosphere during its return to Earth, crew members were awed by the play of light caused by the superheated plasma. Mission commander Rick Husband, who had witnessed the light show on a previous mission, remarked to his rookie copilot, Willie McCool, “Wait until you start seeing the swirl patterns out your left and right windows. Looks like a blast furnace.”

McCool replied, “This is amazing. It’s really getting, uh, fairly bright out there.”

“Yep. Yeah, you definitely don’t want to be outside now.”

Already, a stream of plasma was slipping through the gap in the TPS tiles and infiltrating the left wing, causing internal damage to it. The spacecraft began to trail debris as it passed over California. In Houston, mission controllers struggled to make sense of the anomalous temperature and pressure readings from Columbia’s sensors. Over Texas, the asymmetrical drag on the spacecraft became too extreme for its attitude control system to handle, and it departed controlled flight. The aerodynamic forces of reentry at Mach 23 ripped Columbia apart instantly, and pieces of the vehicle fell in a debris field across northeast Texas. Reestablishment of communications with the vehicle was several minutes overdue when Flight Director LeRoy Cain concluded that Columbia had been lost: “Lock the doors.” All data in the control room had to be locked down for the accident investigation board.

A year later, the Space Shuttle had not yet returned to flight. The fleet would need to limp along with only three orbiters until it delivered the remaining components of the ISS, which was expected to take until 2010, at which point the Space Transportation System would be retired from service. NASA needed a new manned spacecraft and a new mission for it. For the George W. Bush administration, that mission was at last what the Ride and Stafford reports had recommended more than a decade earlier: go back to the Moon, and then on to Mars. The new Vision for Space Exploration established the Constellation program, with two new launch vehicles based on Space Shuttle technology absent the Orbiters, and a Crew Exploration Vehicle called Orion, conceptually an enlarged Apollo Command/Service Module, to send astronauts into orbit around the Moon and Mars, while a Lunar Surface Access Module called Altair would take them to the lunar surface. For missions to Mars, the 2009 Design Reference Architecture 5.0 envisioned a TransHab to accommodate the crew during cruises between planets, a Surface Habitat to sustain it on Mars, and a Descent/Ascent Vehicle to provide transportation between Mars orbit and the surface. Assuming full funding, the first expedition would set out for Mars in February 2031.

Full funding for the Constellation program was far from assured, as the Bush administration well understood from its beginning. The administration deployed astronomer Neil DeGrasse Tyson, who had emerged as the popular “face of space” to succeed Carl Sagan, much as Sagan had succeeded Wernher von Braun, to travel around the country and drum up enthusiasm for the Constellation program. In a presentation at a Princeton University astrodynamics symposium in June 2005, Tyson confidently pronounced, “If the program doesn’t get enough funding, we’ll just stretch it out.” Sitting in the audience, when this author heard Tyson’s remark, his heart sank, for it bespoke a less than full national commitment; in his mind it became the Cancellation program. Sure enough, when the Obama administration tasked the Augustine Committee to ensure that the nation was on “a vigorous and sustainable path to achieving its boldest aspirations in space,” it reported in October 2009 that the Constellation program was so far behind schedule, underfunded, and over budget, that meeting any of its goals would not be possible. The Obama administration removed funding for the program from its 2010 budget. It was the first time that a NASA manned program was canceled outright.


RICHARD TRULY, “BACK TO THE MOON AND ON TO MARS” (1990)

Richard Truly joined NASA as an astronaut in 1969, supported the Skylab missions, and launched on STS-2 in 1981. After the Challenger disaster, he was put in charge of investigating the accident and returning the Space Shuttles to service. In May 1989, he was appointed as the eighth NASA administrator by President George H. W. Bush. In this article, written around 1990, Truly lays out the long-term goals of NASA: a return to the Moon, followed by a manned trip to Mars.



[S]ince the last of a dozen Americans left his final footprint in the lunar dust and returned the last moon rock to the laboratories of Earth, robotic extensions of human intelligence, the Mariners, the Pioneers, the Vikings, the Voyagers, and the Veneras, have visited every planet of the solar system except the distant Pluto, gaining far more knowledge of our planetary neighbors in two decades than was acquired in all the centuries that went before.

As you read this article, the Magellan spacecraft is soaring out toward Venus to map that cloud-shrouded planet with an accuracy never achieved before, Galilee is on its six-year odyssey to orbit giant Jupiter and probe its violent atmosphere for the first time, and the Hubble telescope is in place high above the atmosphere that muddies the view of every earthbound instrument. When its temporary difficulties have been overcome, as they will be, the Hubble will take its rightful place as the most important scientific instrument since Galilee’s original device, permitting us to look back in time and out in distance almost to the creation of the Universe. And soon we will be launching the Ulysses mission to observe and study the unknown poles of the Sun.

Now, as the decade of the nineties is about to begin, mankind has sent explorers to the Moon. His robots have searched the solar system and defined the nature of our sister planets. They have penetrated the sulfuric acid clouds and briefly survived the hellish temperatures and crushing pressures of Venus. They have landed on Mars, observed the weather, examined the enigmatic soil, and sent back dramatic images of a rusty desert that shows the ancient marks of running water.

Given these thirty-five millenia of ever-accelerating and intensifying exploration, what is the logical, indeed the inevitable next step? It is nothing less than human expansion into the solar system, beginning with a permanent return to the Moon, and followed by the manned exploration of Mars. . . .

Sometime in the next century, early rather than late, men and women will go back to the Moon to stay, and out to Mars. The only question is who will lead the way. The United States, by virtue of its advanced technology, its unquestioned leadership in space science, and the proud precedent of the Apollo lunar landings, now finds itself at the point in the long progression toward the planets.

It is a challenge Americans cannot refuse. . . .

The fiftieth anniversary of Apollo Eleven falls in the year 2019, and that is what we at NASA will keep firmly in mind as we recommend to the President the specific steps required to complete the Space Station in the 1990’s, establish a permanent presence on the Moon in the first decade of the new century, and journey on to Mars in the decade following.

NASA has been studying the Moon/Mars exploration initiative for a long time. We know pretty specifically what must be done and we are already working along those lines. For example, we must—

Learn to transfer propellants and refuel in space.

Develop “closed-loop” life support systems in which food is grown and wastes recycled to provide breathable air and potable water and thus reduce the need to transport heavy and/or bulky materials such as food and water over interplanetary distances.

Achieve automated rendezvous and docking capability.

Learn to construct and assemble large, complex structures in Earth orbit, using telerobotic servicing devices wherever possible.

Develop a heavy lift launch vehicle to orbit the extra weights required for the Moon/Mars missions.

Develop robotic, unmanned mappers, orbiters and surface rovers to lay the groundwork for manned explorations.

Advance our capabilities in the field of artificial intelligence.

Acquire necessary knowledge of the effects of extended periods of weightlessness, and develop techniques and systems to counter those effects and enable our astronauts to function safely and efficiently.

Provide the Freedom Space Station the facilities and capabilities to serve as a staging area and point of departure for expeditions to the Moon and Mars.

In taking all of these steps, and the many others by which we will make progress toward our goal, as with the Shuttle, the Hubble telescope, the Voyagers, and the other robotic explorers, we will be treading well out on the frontiers of technology, breaking new ground, working at or beyond the “state of the art”. Out there at the cutting edge, almost by definition, there will be unforeseen and inconvenient problems needful of solutions. They come with the territory. The solutions will come by careful, patient, and sometimes inspired engineering. But they will come, and the programs will go forward to fruition given the sustained and continuing commitment implicit in the national space policy. . . .

. . . [W]e need to go back to the Moon first because that is the prudent way to go. We are not ready yet for the voyage to Mars. The Moon is close by—three days away, as compared to six months or a year to Mars. A lunar base will enable us to develop the technologies and the operational experience we will need for the longer, more distant mission, as well as provide new science opportunities and achievements that will give us a major return on our investment. For example, an array of radio and optical telescopes on the Moon’s dark side will provide a view of the solar system and the Universe unequaled by any system existing or planned. In the Freedom Station we will learn what we need to know about the life sciences and microgravity, and on the Moon we will test that knowledge, learning to build, live, and work on the surface of another world close to home.

Why Mars? There is good evidence to suggest that life may once have existed there. In the seventies the Viking landers scooped up and analyzed the soil, but the results of those analyses were inconclusive. A manned expedition can give us the answer to what is one of the most significant questions ever asked—does life as we know it—or as we do not know it—exist elsewhere in the Universe. . . .

An expedition with the scope and sweep and imaginative appeal of the Mars mission will focus our national energies and challenge our technological capabilities in ways that will benefit our country’s economy, sharpen our competitive position, improve our educational system and enhance our sense of national pride. And those benefits will begin to accrue long before men and women ever set foot on the Red Planet. . . .

Source: “Back to the Moon and on to Mars: The Challenge We Cannot Refuse.” Circa 1990. Truly Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038581.pdf

RICHARD TRULY, TALK WITH NASA EMPLOYEES (SEPTEMBER 21, 1990)

While NASA officials were talking about traveling to the Moon and Mars to the public, internally, the staff at NASA knew there were challenges ahead. Budgets were always in question, hydrogen leaks had postponed a Space Shuttle mission repeatedly, and the mirror of the Hubble telescope needed a fix. Despite these issues, Truly was confident that NASA could get back on track. In this informal talk with NASA employees, he shared his optimism.



I think the last time that I spoke to you I was about 90 or 100 feet up on one of those launch pads at KSC back in May, and frankly, in the interim since we got to talk to each other back in May, this has been a busy, and a long, dry, and sometimes vexing Summer for me, and also for some people, all of you in NASA.

There has been a lot going on. Budget fights, successes, some setback, and some failures, and I would like to talk for a few minutes about each of those things.

First of all, let me just say that I believe that we are continuing to do business in a measured and professional manner. That some things haven’t gone right this Summer, but you are doing the right things.

I would also like to point out that I have enjoyed, and you have continued to enjoy the tremendous and unwavering support of the President, and of the Vice President, both of whom have come to NASA and made major speeches since I last talked to you.

And also, despite what you read in the newspaper, from our friends in Congress. We have a lot of support. They know we are on a cutting edge business every day. We need their support, and I would like to report on some of that to you.

I would like to review a little bit about what has gone on since we last talked, and then talk about a little bit about some of the things going on in Washington just to share them with you.

First of all, the Columbia, we have scrubbed it more times than I like, and more times than the people in the Shuttle Program like, for hydrogen leaks that we haven’t found, but frankly it just shows again that we are in tough engineering business, and it also shows that we are doing it right.

We are not going to fly until we are ready and when we are ready, and when we believe we are safe, Columbia, of which I flew the second flight when it was the first space shuttle in the fleet, will be back flying again.

Discovery is on the launch pad, and is going to be very early in the Ulysses window, in just a few weeks, down at the Cape in October, and next up will be Atlantis scheduled to fly a crucial, especially these days, crucial national security mission on around the first of November, or early in November.

By that time we will have cured the problem in Columbia, and we hope to get it airborne in late November or December before the year is out.

Hubble Space Telescope bringing back today excellent and superb sound, and great picture too for people on Earth to see. Fantastic photographs already despite the problem that we found in the mirror that was discovered this year, but occurred over a decade ago.

Within a day or so of finding the problem, we set out to review it, and Dr. Lou Allen from JPL has conducted that review, and we expect his report very shortly.

We are lucky that Hubble was placed into orbit by the capabilities of the space shuttle because in a very short order, and it is very simple to fix, we will not only be getting the good science we are getting, and we are, but we will have the system up to a 100 percent capability, and everything that you have looked forward to about learning in the universe from Hubble are things that will come true by that team.

Magellan had some hair-raising excitement out of JPL after we got the space craft into orbit around Venus earlier this month, or last month, when we lost contact with the space craft a couple of times.

But I was out in Pasadena, California, on Monday of this week to make a speech about our people in the tracking networks, about 5:30 or 6:00 in the morning, though, I went out to JPL, and since last Saturday, Magellan has been mapping the planet of Venus and it has started its mission.

Believe you me, the only words that I can describe for the science that is coming, and those radar images is, it is absolutely superlative. You have seen a couple of those pictures, and you will see a lot more.

Pioneer X, today the farthest robot away from Earth, and farther out in the Solar System than any other man-made object, and still sending back data to NASA so that we can learn about those great distances.

Galileo, now within 50 million miles of the Earth coming back to pick up speed on her way to Jupiter.

So across NASA and with these programs, the crest that we launched, and recently did her on orbit work, the cosmic background explorer, all of these things have launched, and are working, except for Pioneer X, since we started flying again since the accident.

So challenges are nothing new to NASA. The payoffs continue to be great, and let me just remind you that today’s challenges, and successes will be tomorrow’s successes in the commercial world here on the Earth as we achieve our goals.

Let me talk to you a little bit about the 1991 budget that is on the Hill. Today, as I talk to you, we have less than ten days until the start of the next fiscal year. There is no agreement today on the budget summit yet.

And I wanted to tell you, however, that despite these uncertain times, that we have planned for this transition into the new fiscal year, and if the budget summit can be accomplished here in the next few days, we believe that we can ride into the new year, and not lose our momentum, and that is certainly what I hope to do.

You have heard a lot of talk about the possibility of furloughs, and it is a possibility if, in fact, we have to go into a full sequester. We happen to be lucky in NASA, frankly, compared to some of the other agencies, because it turns out that in anticipating this possibility in the first two weeks of the new fiscal year, we have planned for it to reduce the number of furlough days for our people because as soon as J.R. Thompson and I realized that this might be necessity, we put people to be our number one priority.

The budget situation is unclear today, but I can guarantee you that I am watching it closely, and I have made my concerns clear to the Congress. . . .

Let me talk to you a little bit about my thoughts about the progress in Space Station Freedom during this past year. About a year ago, we got a new management team in, and we went to the Congress, and to the people, and we said: here is what we plan to do in the next twelve months, the twelve months that we have just experienced.

In fact, and I have great pride in you who are working on the program, we have done that. I think we have made a year’s progress toward flight in the Space Station Program within the last twelve months.

We have a lot of challenges, and we have been in the newspaper, but frankly don’t forget, every one of the problems we are working—power, weight, EVA time—are problems that NASA and you found, and each of those are well in hand along to a solution.

So I think Space Station Freedom is strong, and I believe when this budget process is complete, you will find that we have gotten good support. . . .

The future really is the bottom line, and that is what I want to leave you with this morning.

Source: “Transcript of Admiral Richard Truly’s Talk before NASA Employees.” September 21, 1990. Truly Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000038565.pdf

EXPLORING THE MOON AND MARS (JULY 1991)

As the White House continued to call for returning to the Moon and then moving on to Mars, one of the hold-ups was the role of human versus robotic exploration. Humans are adaptable and can analyze beyond the programming, whereas robots will not get homesick and can be sent into dangerous situations. In this report to Congress by the Office of Technology Assessment, the value of robots as an addition to human space exploration is discussed.



ROBOTICS SUPPORT OF LUNAR EXPLORATION AND UTILIZATION

If the United States decides to establish a lunar base, A&R technologies would provide critical support to science both prior to sending human crews and after they are on the surface. The partnership between humans and robots could accomplish much more on the surface than humans alone could achieve. In both phases, the lunar surface could provide an important testing ground for A&R technologies that would be used on Mars.



Robotic exploratory missions could:

1. Advance the basic scientific knowledge of the structure and evolution of the Moon (composition, geology, geophysics, atmosphere)—Although scientist have gathered significant data about certain aspects of the Moon, the recent lunar observations from the Galileo spacecraft have demonstrated scientists’ overall knowledge of the lunar surface is surprisingly thin. Detailed survey from orbit with advanced sensors (unavailable in the Apollo days) would enhance the scientific results from human crews should they reach the surface. Robotics Lunar rovers could, for example, explore areas of the Moon that might contain trapped water in advance of placing human crews on the lunar surface.

2. Assist in selecting landing sites for crews—Considerable data on potential landing sites on the lunar nearside already exist from Apollo results, yet additional data on the elemental and mineralogical content, compositional diversity, and surface morphology for a wide variety of potential sites would be welcome to mission planners and scientists.

3. Test technologies to be used by human crews in working on the Moon—A number of technologies, particularly for construction of lunar habitats, could be tested on the Moon prior to human arrival.

4. Construct habitats or observatories—Robotic technologies could be used to construct either human habitats or even astronomical observatories and other laboratories prior to the arrival of human crews.



Robotic technologies could assist human crews on the Moon by providing:

1. Support for field studies—Detailed exploration of the Moon would require the ability to travel long distances. Robotic rovers could be used to study a variety of locations far from a lunar base. They could assist in detailed field studies using telepresence techniques to give the human operator the sense of being at the site.

2. Emergency and logistical support—During an exploration mission, robot vehicles could provide support in the form of emergency assistance or even routine support for mundane tasks and logistics.

3. Survey of difficult or dangerous regions—Some regions of the Moon are likely to be particularly risky for human exploration. In such circumstances, robots would essentially act as surrogates for human explorers, and be controlled from a lunar base or from Earth.

4. Construction support—Robots could assist human crews in the construction of habitats, laboratories, astronomical observatories, and other structures.



ROBOTICS SUPPORT OF MARS EXPLORATION

If Congress and the administration agree to pursue the human exploration of Mars, robotic technologies would serve two important functions: 1) in addition to supporting the collection of scientific data, they would provide crucial advance information to increase the safety and feasibility of such exploratory missions; and 2) they would support the mission while humans are on the planet. Robotics missions would assist in meeting a set of milestones implied in President George Bush’s “long-range continuing commitment” to the exploration of Mars. As in the case of the Moon, the human-machine partnership would greatly extend human capabilities.



Robotic exploratory missions could:

1. Advance the basic scientific knowledge of the structure and evolution of Mars (geology, weather climate, etc.)—Mission planners would need to know a lot more about Mars in order to determine how to maximize the effectiveness of humans when they reach the planet. Robots are particularly adept at reconnaissance, and can be designed to make moderately sophisticated analytical tests of surface soils and rocks.

2. Reduce the risks and costs of human exploration by improving our detailed knowledge of the planet—Scientists have relatively poor knowledge of the surface details of Mars. Porous dusts and fields strewn with large blocks may be common.

3. Resolve issues of soil toxicity and other possible hazards to human safety— The soil of Mars in the vicinity of the Viking landers turned out to be much more reactive than had been imagined. If breathed into the lungs, Martian soil might adversely affect human health and therefore requires more study before sending humans to the planet.

4. Determine possible contamination of Mars by Earth organisms and Earth by any Mars organisms—If Mars does contain some forms of life, the presence of humans could contaminate them, raising ethical questions regarding the intervention of life from Earth and rendering future scientific study of Mars life forms extremely difficult. Conversely, Mars life forms, if they exist, might potentially harm life on Earth.

5. Refine planning for the design of human missions—Robotic technologies could help provide the information necessary to determine what people should do on the surface and what tools and additional robotic support they might need. If humans are to use their capacities to the fullest while on Mars, mission planners and scientists must learn as much as possible about surface conditions on Mars.

6. Provide data for the selection of potential landing sites 1—Many types of landing sites exist. It would be important to select and characterize not only relatively safe landing sites, but also those of high scientific interest to maximize the special capacities of humans.

7. Test technologies to be used by humans in landing or working on the planet—Numerous technologies, from aerobraking to components of habitats, could be tested by robotic devices prior to the arrival of humans.



Robotic technologies could support human exploration on Mars by providing:

1. Support for field studies—Exploring Mars insufficient detail to contribute substantially to the advancement of knowledge will require the ability to roam far and wide. Robotic instruments could provide humans with greater dexterity and strength, and the ability to project their intellect far beyond their base, thus increasing human productivity and safety. They can also be provided with infrared, ultraviolet, or other sensors beyond the range of the human eye. Although machines are subject to breakdown, when operating properly they are not subject to fatigue and can carry out routine and/or repetitive tasks. Teleoperated mobile robotics devices that could survey local sites and return geological samples to a Mars base for detailed study would be of particular utility. Devices able to provide the additional sense of being at the site (telepresence) might vastly improve human productivity in detailed field studies of the Martian surface.

2. A detailed survey before human travel—Prior to sending humans to a region, robotic reconnaissance vehicles could scout a path and explore points of interest for detailed human examination. These instruments need not necessarily be on the surface to be of considerable use. For example, a spacecraft orbiting Mars could be equipped to make detailed, high-resolution images of surface features of interest to scientists prior to visits by human exploration teams.

3. Maintenance, logistical, and emergency support—Robotic devices could sharply reduce the amount of routine, mundane tasks human explorers would have to perform. During an exploration mission, robot vehicles could also provide emergency assistance.

4. A survey of particularly difficult or dangerous regions—Some regions of Mars are likely to be particularly risky for humans. In such circumstances, robots would essentially act as surrogates for human explorers.



If Congress and/or the administration decide not to pursue the human exploration of Mars in the near term, robotic exploration would nevertheless add to the growing body of scientific data about Mars and prepare the way for any future human exploratory missions. In all, it will be important to determine what is technically and politically possible and what support technologies are needed to accomplish the exploration goals. At present, scientists have only a glimmer of what is possible. For example, although scientists have suggested that telerobotic devices capable of providing a sense of presence would be highly useful, they are only beginning to study how to design, build, and operate such devices effectively.

Source: U.S. Congress, Office of Technology Assessment. Exploring the Moon and Mars: Choices for the Nation. OTA-ISC-502. Washington, DC: Government Printing Office, July 1991. Available online at https://history.nasa.gov/32992.pdf

A POST–COLD WAR ASSESSMENT OF U.S. SPACE POLICY (DECEMBER 1992)

The U.S. space program emerged from the Second World War and flourished at the height of the Cold War. While NASA is a nonmilitary organization, the Department of Defense had always kept an interest in space travel. In December 1991, the Soviet Union dissolved into separate countries, and the Cold War was officially over. With the end of the Cold War, what would the role of the military be in space? This report, completed by the Space Policy Advisory Board, suggested changes in the organization, reduction of overlap between NASA and the military, and creating a common agenda.



Policy Recommendation 1

Major changes should be made in the way government space activities are organized and managed. The need to maintain distinct civil and national security space sectors remains valid but planning should be centralized across sectors and its execution streamlined within the respective sectors.

Implementation

1. Strengthen the Executive Office coordinating function currently being performed by the National Space Council to oversee the actions called for in this report and to develop cross-sector strategies in areas such as space technology, environmental monitoring and other applications, international relationships, design commonality and standards, and the sharing of systems and data among agencies.

2. Create a national space launch management arrangement led by an individual with responsibility and authority for planning and coordinating U.S. space launch capability as recommended by the Vice President’s Space Policy Advisory Board’s Task Group Report, The Future of the U.S. Space Launch Capability.

3. Begin the process of reducing overlap and duplication by centralizing the technical management of space systems (i.e., development, acquisition, launch, and spacecraft control functions) into fewer organizations with the long term goal of having two space organizations, one civil and one military. Continue to expand the use of space by encouraging broad agency involvement in the definition of system requirements and the identification of applications for space-derived products.

4. Establish a non-partisan commission modeled after the Base Closure Commission to recommend actions to “right-size” U.S. government space infrastructure, whether government or contractor operated. This review should include all DoD, NASA, and DOE laboratories and centers.

5. Support ongoing reform efforts within NASA. Additionally, NASA should be encouraged to establish success milestones and objectives for major programs and supported in phasing out programs promptly upon completion of those objectives. More generally, NASA should improve the efficiency of its programs in order to create opportunities within projected level budgets for new initiatives. New initiatives should be designed in ways which minimize operations costs and should include smaller, shorter duration, less expensive missions which can be developed and launched within fewer than approximately five years.



Policy Recommendation 2

Seek to reduce, and where possible eliminate, security constraints associated with national security space programs.

Implementation

1. The President should establish policy guidance which limits the classification of all but the most sensitive technologies, systems, and information concerning space-related activities.

2. The Director of Central Intelligence and the Secretary of Defense should develop a plan for implementing the new policy guidance. The plan should identify cost savings, opportunities for synergy, and the minimum level of classification needed to safeguard the national security interests of the nation.

3. This plan should be independently reviewed prior to its implementation to assess the appropriate balance between national security needs and the benefits to civil and commercial space of synergism and cost efficiencies.

4. Recognizing the continuing sensitivity of certain space-derived information, as well as its potential civil and scientific benefits, a mechanism should be established to facilitate access to unclassified versions of sensitive data for public use.



Policy Recommendation 3

Revitalize, on an urgent basis, a more productive cooperative relationship between the U.S. government and the space industry to meet the increased challenge of international competition and cope with reductions in defense spending.

Implementation

1. Implement the recommendations contained in the Vice President’s Space Policy Advisory Board’s Task Group Report, The Future of the U.S. Space Industrial Base.

2. The Administration and Congress should take additional actions to improve the relationship between government and industry in at least the following areas.

•Appropriate interpretations of existing antitrust regulations as an aid to efficient contraction by industry.

•Extension of antitrust exemptions to include consortia engaged m production.

•Implementation of the backlog of procurement reform recommendations to improve acquisition efficiency and reduce burdensome procurement procedures.

•Review of research and development recoupment policies to eliminate disincentives to commercialization of DoD-developed technologies.

•Seek to strengthen incentives for industry to conduct mission oriented research and development.

•Review policies such as munitions lists, export controls, and security restrictions that inhibit the competitiveness of U.S. industry.

•Review the federal tax code to identify and eliminate disincentives to industry downsizing.

Policy Recommendation 4

The United States should take the initiative in shaping a common international agenda in selected areas of civil and national security space activity. One goal is to find ways to use the space capabilities of the world for common objectives. Enhanced international cooperation should be sought not only for its programmatic benefits, but also because it is the preferred way for the United States to influence the direction of future space undertakings around the world. Broader national security, political, technological, and economic benefits for the United States can flow from a carefully crafted “cooperative strategy” which balances the realities of economic competition with the potential benefits of cooperation.

Implementation

1. The United States should develop a “cooperative strategy” as a central element of its future approach to overall space policy. This strategy should balance the benefits of cooperation with the recognition that other countries often cooperate with the United States to enhance their own future capabilities by gaining access to U.S. technology and know how.

2. The United States should be selectively willing to be dependent on foreign suppliers for essential components or systems, but should retain control over systems integration in cooperative missions for which it provides the majority of funding and maintain a technology base that will reduce risks associated with foreign dependence.

3. In the course of structuring cooperative relationships, care must be taken not to distort the programmatic content of cooperative programs, endanger U.S. industrial competitiveness, or compromise the objectives of the Missile Technology Control Regime and other non-proliferation regimes in order to achieve policy objectives not related to space.

4. The United States should employ the existing space assets and capabilities of the former Soviet Union on a selective basis when they offer unique programmatic benefits, and should encourage collaboration between U.S. industry and the privatizing space organizations of the former Soviet Union in developing future space capabilities.



Source: Vice President’s Space Policy Advisory Board. A Post Cold War Assessment of U.S. Space Policy. December 1992, pp. 39–43. NASA History Office. Available online at history.nasa.gov/33080.pt1.pdf and history.nasa.gov/33080.pt2.pdf

PRESIDENT CLINTON’S CONVERSATION WITH ENDEAVOUR ASTRONAUTS (JUNE 22, 1993)

As Shuttle missions became more routine, the astronauts’ tasks also became more mundane. In this conversation between President Bill Clinton and the crew of Endeavour, they discuss retrieving a satellite, conversing with school children, doing a spacewalk to prepare for space-station assembly, and repairing the Hubble telescope. Endeavour had been built to replace the Challenger; it was the final Shuttle built. The EURECA satellite mentioned was a mission of the European Space Agency that held 15 experiments from eight different countries. It had been in space for nearly a year; Endeavour collected the satellite and returned it safely to Earth.



The President. Can you hear me?

Mission Commander Ronald Grabe. Mr. President, I believe we hear you loud, but slightly broken up.

The President. Well, we can hear you, and we are looking at you. And you all look wonderful.

Commander Grabe. Well, you’re loud and clear now, Mr. President. That’s much better.

The President. We want to congratulate you on a spectacular launch and on looking so happy. The American people are very reassured watching you on television now.

Commander Grabe. Well, thank you sir. It’s early in the mission, but we’re very excited about the mission. It’s certainly a multifaceted one, and it really does show the versatility of the space shuttle. We’re doing a little bit of everything on this flight.

The President. I know. I understand one of the things you’re doing is chasing down the EURECA satellite that was put up by the shuttle last July. And I’m especially pleased about that because it shows what we can do in the way of international cooperation as well as science. And I want to congratulate you on that and wish you well.

Astronaut Janice Voss. Thank you very much, Mr. President. We’ve been working very hard for about a year training for this rendezvous and retrieval. And we’ve had a lot of fantastic support, both in our own country in our own ground support team and the international team all over in Europe, and we’re looking forward to bringing back great science in EURECA to the Europeans.

The President. We’re looking forward to that, too. I also understand that David and Jeff will be outside the shuttle practicing for the repair of the Hubbell telescope and for the future assembly of the space station. And I thought that maybe one of them or both would like to comment on it so people can get a good look at you now, and when they see you outside in your suits they’ll know who they’re seeing.

Astronaut Jeff Wisoff. Well, Mr. President, we’re looking very forward to the space walk. We feel proud to be able to represent America. And we’re very happy of your support of the space station. We think it represents the best of America and their pioneering spirit. And the NASA team has done a really great job of preparing us for our flight. And I think both Dave and I just can’t wait to get there.

The President. Well, we’re excited about it. And while you’re up there, we’re going to be down here trying to support the space program and the space station. As you know, we had a very distinguished commission looking at the whole space station project. They recommended some redesign and some management changes at NASA. But I think this should give us a great deal of credibility. We’ve got some important votes coming up in the Congress in the next 2 days. While you’re up there, we’re going to be down here voting on this project. And I very much hope that we can prevail, and I think, frankly, your success and your work will help us to prevail. You’re doing as much up there to help us win the votes down here as anyone, and I thank you for that.

Commander Grabe. Well, Mr. President, we’re very gratified by your support of the space station. We certainly all consider it to be an immensely important project in continuing our leadership in science and technology.

The President. Thank you. Let me just say one last thing about something that’s very important to me. I understand that later in the mission Janice and Brian are going to be talking with schoolchildren around the world. And you may know that my daughter is a big fan of the space program. She’s off at summer language camp now. But I want to just tell you how much I appreciate the fact that you’re making an international education project out of this mission. That’s very important to me.

Astronaut Brian Duffy. Mr. President, we find that using amateur radio is an excellent way of communicating with children all around the world, and we’re also able to excite them by using space and science. In letting them see space and science in action, we’re able to excite them and hope they’ll study harder.

The President. You have no idea. You may be on this mission creating thousands of scientists for the future just by the power of your example and by this direct communication. I think sometimes we underestimate the impact that human contact in an enormously impressive setting like this can have on children all across the world, not only those with whom you’ll talk but millions of others who will just see it and know that it happened.

I want to thank all of you for the wonderful job you’ve done. We’re very proud of you, and we’re very proud of all the NASA folks down here who are supporting you. I want to encourage you and say again that I’m behind you, this administration is behind you, and I think the American people are behind you.

Astronaut David Low. Mr. President, once again, we thank you very much for your support. It’s a real pleasure to be up here at your service.

The President. Thank you. Let’s hear from the last astronaut there.

Astronaut Nancy Sherlock. I just wanted to add my thanks for your support. We all feel that the space program has done a tremendous amount for this country, both in promoting inside the country science education and also with the international partners. And it means a lot to us to know that that support still is around and that we’re going to have a strong space program in the future.

The President. I’m committed to that. The American people, in watching you today, can see one area of human endeavor in which we are indisputably continuing to lead the world and bringing other countries into partnership. And both leadership in technology and science and partnership with other countries, those are the keys to our future as a people, to our standard of living, to our quality of life, as well as to our ability to continue the American tradition of exploring frontiers. And I’m very proud of you, and I wish you well. And we can’t wait until you get home safe and sound. But have a great time up there, and learn a lot, and we’ll all learn from you.

Good luck, and God bless you all.

Source: Public Papers of the Presidents of the United States. William J. Clinton, 1993, Book 1. Washington, DC: Government Printing Office, 1994, pp. 918–919.

DANIEL GOLDIN, “WHAT COMES NEXT IN SPACE” (JUNE 23, 1993)

Daniel Goldin served as the ninth NASA administrator from April 1992 to November 2001. His goal was to cut costs and complete fast, less expensive projects—known as the “faster, better, cheaper” approach. After a budget scare in which space station funding survived by only one vote, the station was redesigned to be more compact, crew quarters were reduced, and functions were reduced. This speech delivered at the Space Outlook Conference in 1993 showcased Goldin’s motto by describing how a redesigned, less expensive space station could still contribute to the nation’s goals.



[W]e are about to embark on an exciting new approach to planetary exploration through the Discovery series of space probes. These are low cost, relatively simple spacecraft that focus on specific goals. They aren’t mega-spacecraft. They don’t carry 12 or 15 science instruments, and they are simpler and cheaper to build and operate.

The idea is to build them, launch them, and get the data in three years or less.

Through this approach, we can literally fill the skies with our spacecraft, engage more and more scientists in the business of planetary exploration, and do these missions in about the same time it takes to get an advanced degree at a university.

So I want to stress today that NASA’s plans for the future are about more than just the space station. There is a vision that encompasses the whole range of NASA’s activities. This budget supports that vision, and we intend for science to thrive.

But the center of attention these days is the space station and it is indeed critical to the future of America’s human space flight program. So I would like to spend some time this morning talking about the space station that has come out of our redesign process, and what it can do for America. . . .

We think it is the right space station for the country. It is prudent, and it is responsive to the tight budget situation the country faces. But if we are going to do this right, we need a commitment. We need level funding. We need stability in this program, once and for all.

In return, it is fair to ask what the nation gets for its investment. One common criticism is that the redesigned space station cannot meet the original program objectives. But this is a new era, and a new station designed to meet the needs of changing priorities. Is it fair to hold the station hostage to objectives that are almost ten years old?

And in any event, this station can meet a variety of important objectives, such as meaningful science, advanced technology development, international cooperation, space leadership, national pride and exploration.

Consider the science, for example. Will the station provide meaningful science? Yes. Most of the disciplines we will study aboard the station require long-term exposure to the space environment. In studying the effects of weightlessness on the human body, for example, we require weeks and months aloft before all of the effects manifest themselves.

There is no guarantee of scientific payoff if we build a station. On the other hand, there is an absolute guarantee of finding nothing if we don’t build one. . . .

All that we have learned so far, in our painstaking, short trips to orbit, tells us there is much, much more potential out there. In the growth of protein crystals, we need weeks and months aloft to get the proper sizes for study. There are literally thousands of proteins and other biological substances that can benefit from being grown in space.

And the same is true on down the line. Biotechnology experiments on proteins, living cells, biological tissues and fluids, polysaccharides, nucleic acids, viruses, enzymes, seeds, plants and animals require microgravity conditions for 10 to 120 days. Materials processing experiments on various crystals, polymers, metals and fluids require microgravity for up to 60 days.

Will the station provide meaningful technology development? Yes. Critics sometimes say the station can’t provide cutting-edge technology because human space flight requires tried and proven techniques and hardware to minimize risks to the astronauts. And in a very limited sense, this is true, but it ignores one of the fundamental facets of why we need a space station.

The growth of technology has always required a mix of theory and practice. Engineers think of things, build them, then try them out. Then they fix their errors and try the hardware again. This pattern may be repeated many times before the engineer is satisfied. . . . The point is, we have provided our aeronautical engineers with the right tools to do the job. For the further development of space hardware and techniques, we also need the right tools to do the job. A research facility in orbit, operating under the actual conditions we need to learn more about, is one such essential tool. . . .

Will the station provide for international cooperation? Indeed it will. The redesign meets our commitments to our international partners. These commitments carry the status of treaty obligations, and we treat them very seriously.

Will the station give us leadership in space? Yes, I believe it will, but it is the kind of leadership that grows from trust among friends and partners on a frontier. It is the kind of leadership that comes from keeping our promises. It is the kind of leadership that we would absolutely abdicate if we cancel the station. And leadership abandoned is leadership lost.

Will the space station give us educational opportunities? You bet. At this very moment, astronauts are circling the Earth in the Space Shuttle Endeavour, and as time allows they are using a Ham radio to contact school children here on the ground. . . . The station will give us the very same opportunities to inspire and educate young people, only more of them.

Will the station be source of national pride? I think the answer is yes. People will always dispute the polls that consistently show a high degree of support for the space program. But one thing you can’t dispute is the number of people who pass through the turnstiles at the National Air and Space Museum in Washington, or Space Center Houston, or Spaceport USA at the Kennedy Space Center, or Space Camp in Alabama. Space is a part of our culture, a part of our mythology, some would say. And it is a very, very important part of our national character. . . .

Finally, there is the prospect of continued exploration of the space frontier. Will this space station enable that? Of course it will. How in the world can we expect to truly evolve as a space faring power if we have only limited time in space? You can’t learn to drive if you don’t get behind a wheel. You can’t become a pilot unless you are willing to do the solo. You can’t excel at anything worth doing, as a matter of fact, unless you are willing to invest time and attention and more time and more attention to doing it right.

Space is the frontier of our age, and we can either grow and prosper on that frontier, or we can ignore it. But the frontier will still be there, and so will the promise of space. That is why the space station and the fate of the space program command so much time and attention, far more than their meager share of the vast Federal budget would at first suggest. It is because we are talking about our future here, about the legacy we will leave our children, and about a very visible symbol of America’s willingness to remain a great and influential nation.

A society that does not dare to dream, a society that isn’t willing to take risks, a society that has forgotten how to be bold, is a society in great peril, a society in decline. History has shown that the great nations have been those that had a spark of risk-taking, an eagerness for adventure and a capacity to operate at the frontiers of knowledge and exploration. We still yearn for that in this country.

So make no mistake. The debate over the space station is about more than nuts and bolts and blueprints. It is about more than a program. It is about the entire future direction of our human space flight enterprise. If the station is cancelled, then that enterprise will be at a technological dead end.

The Shuttle’s viability will quickly be called into question, with no chance to move beyond our current state of capability. And I believe human space flight in this country will be in very, very big trouble. We risk the vengeance of history if the naysayers are able to force that choice upon the nation.

Source: “To Boldly Go: Giving Thought to What Comes Next in Space.” June 23, 1993. Goldin Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000018416.pdf

DANIEL GOLDIN, STATEMENT ON AGREEMENT WITH RUSSIA (SEPTEMBER 2, 1993)

For most of 1993, NASA had been battling with Congress over its budget. In trying to decrease spending, NASA had redesigned the Space Station Freedom plans seven times between 1984 and 1993. By June of 1993, the will of Congress was clear: funding was going to disappear. A vote to remove funding for the space station entirely failed by only one vote. In hopes of saving the station, the United States signed an agreement with Russia; they merged their separate projects into what would become the International Space Station. It would be smaller, and its functions were reduced from that of Freedom, but it survived.



The joint statements on space, aeronautics and scientific cooperation signed today by Vice President Gore and Russian Prime Minister Chemomyrdin signal a new era for NASA and a new direction for space flight.

For the first time since the dawn of the Space Age, the conditions that gave rise to space exploration have changed. Our presence on the space frontier began as a product of the Cold War, but that ideological struggle is now over. Cooperation will replace competition, and a new partnership in space between two former adversaries offers considerable economic advantages for both countries. The cross pollination of ideas between our two spacefaring nations will be healthy and potentially profitable. Russian participation will not have a significant impact on U.S. jobs. There will be areas where we rely on proven Russian systems. But joint developments will provide enhanced technology to U.S. companies and will lead to new jobs.

The development of a common space suit and a common environmental control and life support system, for example, represent new industrial opportunities for American and Russian companies. In developing a solar dynamic power system, a new way to generate power in space, the engineering expertise that will be brought to bear by both countries is robust and wide ranging.

These are just some of the examples of new opportunities that Will come with this new partnership. We will be investigating additional opportunities for joint ventures between Russian and American industries in concert with the Department of Commerce.

We must have a long-range vision of the prospects of joining with the Russians. While there may be minor dislocation of people working on the space station program, we must lift our view to the benefits that will come to future generations. Our children’s future should dominate our thinking, not our near-term concerns.

Both the United States and Russia have significant experience and maturity on the space frontier. Through closer cooperation, our shared capabilities as explorers will only improve, and by pooling resources, we can keep costs down.

The cooperative ventures now under study represent an advantageous blend of Russian and American capabilities. The program baseline for the space station will be based on the designs already developed by the U.S. and our partners in Europe. Japan and Canada. Russian participation in the space station program could be readily accommodated with the modular redesigned space station that we have been working on.

The results of the Russian study and the benefits of Russian participation will be incorporated into a design that will evolve in consultations between all the international partners over the next two months. We expect to present a formalized program that provides for full agreement with our partners and consultations with and approvals by our respective governments by November 1, 1993. This new approach will make a better space station that can provide more robust science and technology and is infinitely more capable and safer to operate.

In a larger sense, a truly international space program could signal a new era of peace and cooperation among nations. I believe the possibilities inherent in these agreements hold special promise, not just for the U.S. space program, but for all of the space exploration efforts of the people of Earth. Our ability to study the Earth, to improve our talents as space explorers, and to ply the seas of space is improved dramatically by this new cooperative adventure. It is our common human heritage as explorers, as seekers of knowledge and pathfinders to new horizons that will benefit. As a hallmark of international collaboration, our work in space can truly point the way to a bright and exciting future.

Source: Statement by Daniel S. Goldin on the Cooperative Agreement between the United States and Russia on Space, Aeronautics, and Science. September 2, 1993. Goldin Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000014758.pdf

DANIEL GOLDIN, SPEECH TO KENNEDY SPACE CENTER EMPLOYEES (JANUARY 27, 1995)

After a long slog of budget cuts, space station redesigns, and other cost-saving maneuvers, NASA Administrator Daniel Goldin met with the employees of the Kennedy Space Center. In this speech, he outlined changes that would have to be made on every level, from the management down to individual employee, in order to move NASA into the future.



[W]e in the space program are somehow isolated from the rest of the world because most of us are believers. Most people who work for the space agency came here because they believe in the space program. It’s almost a religious zeal with most people. And we somehow take for granted that the space program will always be there, because it’s been there and people will supply us with money, and somehow magically the money will get there and it’ll be okay. And why don’t they just leave us alone, give us the money, and off we’ll go. That doesn’t work anymore. And it is crucial that you understand, every single NASA employee understand that the space program is right on the edge, and that we, collectively, not the magical few in Washington or your center director, the NASA team is going to have to understand that what we do must be relevant to our customer, the people of America.

For many years we always looked at our customer as the Congress, or scientific societies, or the people who operated payloads on the shuttle. They are not the customer. The customer is the American public and the American public is in a big hurt right now, and they are relooking at every single program the government has. And last night, with the passage of the Balanced Budget Amendment, and I’ll go through some arithmetic for you on that, every program is under scrutiny. And if anyone wanted to take for granted that there will be a whole bunch of members of Congress that love the space program, and they do, I want to tell you the members of Congress love it, but there is going to be intense scrutiny to figure out how to find the funds to balance the budget. So every employee must make sure that the work they’re doing is directly applicable to the American public. And if it is not we shouldn’t be doing it, and there are things we’re going to stop doing and things we’re going to start doing to make sure that we meet the vision of what the American public wants from the space program. . . .

Now for the past two years, from the day I took over as NASA Administrator, we have been on a rollercoaster. It was at a point in time when the reality of the breaking down of the Berlin Wall finally struck the world, and from ‘83 to ‘92, the NASA budget doubled, and a funny thing happened in ‘92. The American people said we can’t afford to spend that money. So I had this incredible program laid out for communications. I was going to go to each of the centers every six months, and I found that I had to spend the lion’s share of my time for almost the last three years focusing in on the Congress and the American people, because we could have all the great communications, but if we don’t have funding, it isn’t there. And I want to tell you, in ‘93 we almost lost the space program.

Now you notice I’m not saying space station, I’m saying space program. Many people don’t understand. There are people even within NASA today who think well maybe the space station—whoa, whoa, cancel the space station and reprogram the money and use it for something else. Let me tell you, there is no space station, there is no destination for the space shuttle, there is no justification for the space shuttle, and we don’t have a human space flight program, and I don’t think the American public would accept the space agency without astronauts. So it’s as simple as that. . . .

And one of the things I don’t think we have really done well at NASA, not because of the people, the people are outstanding, we have been so focused on the near-term activities, we don’t think out a decade. So I’d like to see some real wild and crazy advance group thinking about ideas, so when people from industry want to get into the space business, they could come to NASA not just as a place of technical excellence, but managerial excellence to help them do this. That’s our job. We want people to earn money in space and you could do it. . . .

We are at a crossroads and in the next two, three years, we’re going to determine the direction of the space program for the next two decades because of the lead time involved. This is stressful, it’s difficult, but it’s a turning point and it’s exciting. And I think we have a bright and promising future.

Generically, let me tell you what I think NASA is going to look like in a decade or two. We’ll be much less operational and much more R&D; much less institutional oriented and much more distributed responsibility for people. We are going to double the number of people per supervisor. Double. We have too many supervisors. In some cases we have—we did some studies, there were 2.3 people per supervisor, 2. 7 people, we looked at different organizations. I mean that’s disgraceful. Leadership isn’t telling people what to do and having them write you memos. Leadership is what I saw here. . . .

We’re taking brilliant people making them managers and they become control freaks. Why don’t we take these brilliant people and put them back to work? I think they’re going to enjoy it. . . .

And another basic assumption is no new money for at least seven years. It’s unreasonable to ask for more money for NASA when the nation has a budget deficit, and I support the President. I support the President and he is right in that regard. . . .

But as you do your job, ask the question, is what I’m doing relevant to the American public? Am I spending their money wisely? Am I buying too many computers in September? Am I taking too many trips in September? Am I trying to be a control freak and build my reputation by the dollars I control? Am I unwilling to cancel activities in my area because it’s in the best interest of the American public? That’s what I mean by relevance. Cooperation not just competition.

We used to compete with everybody, not just with the Russians and the Soviets, we would compete with the Department of Defense, we would compete with other countries, we could compete NASA Johnson and NASA Marshall. . . . Competition was unbelievable, but competition is deadly. You don’t need NASA to compete with itself. So I really would like you to think about taking off that cap that says KSC and putting on a cap with the American flag. . . .

The American public wants to be part of the space program. They want to be part of the space program regardless of their color, or their culture, or their gender. And we in NASA under no condition should promote somebody because they are a minority or a women. But let me tell you, we’ve got a long way to go, taking a look at the balance, to making sure we have rules in place that select the person of the very best capability. And I think we have made a lot of progress, but we need some more progress both in how we pick our own labor force and management force, and what our contractor force looks like. . . .

Let me close by saying this, that this morning I got up and I ran on the beach. And I looked up the sky and I saw the crescent shaped moon and Venus was right above the moon. Did you look at that? And I said, “Holy smokes, the Earth, the moon and the planets are lined up. What a sign.” And then, I watched the sun rise, and then I saw NASA Kennedy off in the distance, and I said, “What a privilege.” I really mean this, what a privilege to work for this agency.

Source: “Godin Speech-Address to Kennedy Space Center Employees.” January 27, 1995. Goldin Speeches. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000018667.pdf

PRESS RELEASE ON THE PATHFINDER LANDING (JULY 1997)

In 1976, the Viking program landed two probes on Mars; each consisting of an orbiter-lander pair. The Soviet Union also sent spacecraft to Mars; Mars 2 and Mars 3 orbited in 1971, but their landers failed. The Pathfinder mission, consisting of a lander and a rover, would be the first successful lander mission since Viking. As described in the pre-landing press kit, Pathfinder used an innovative airbag landing system; it landed successfully, deployed as planned, and released the Sojourner rover. Pathfinder’s mission, expected to last for a month, completed three months later when communication failed. During the mission, Pathfinder sent 16,500 photos and 8.5 million measurements back to Earth.

MARS PATHFINDER SET FOR INDEPENDENCE DAY LANDING

NASA’s Mars Pathfinder mission—the first spacecraft to land on Mars in more than 20 years and the first ever to send a rover out to independently explore the Martian landscape—is set for touchdown July 4, initiating a new era of scientific exploration that will lead eventually to human expeditions to the red planet.

Mars Pathfinder is one of the first of NASA’s Discovery class of missions, designed to foster rapidly developed, low-cost spacecraft with highly focused science objectives. Pathfinder’s purpose is to demonstrate an innovative way of placing an instrumented lander on the surface of the planet. The lander will also carry a free-ranging robotic rover as a technology experiment. Landers and rovers of the future will benefit from the heritage of this pioneering mission.

Pathfinder’s atmospheric entry and landing on the Martian surface are the centerpiece of the mission. Once the spacecraft hits the upper atmosphere at 10 a.m. Pacific Daylight Time on July 4, it will begin a 4-1/2-minute, completely automated sequence of events to achieve its landing on the surface of the planet. After a fiery entry, the spacecraft releases a large, billowing parachute to slow its descent through the thin Martian atmosphere. Then a giant cocoon of airbags will inflate seconds before landing to cushion the spacecraft’s impact. Along its descent to the ground, Pathfinder will be collecting engineering and atmospheric science data to help scientists profile the Martian environment.

“This is a new way of landing a spacecraft on a planet,” said Brian Muirhead, Mars Pathfinder Flight System Manager at NASA’s Jet Propulsion Laboratory, “and the first time a U.S. mission will use airbags to absorb the shock of landing and protect the lander from the rough, rocky terrain.”

“The science investigations carried by Mars Pathfinder are going to give us unique insights into the planet’s atmosphere and how it varies, and our first detailed understanding of the precise composition of its surface rocks and soils,” said Joseph Boyce, Mars Program Scientist at NASA Headquarters, Washington, DC. “This knowledge is the key to helping unlock many interrelated mysteries about the history and evolution of Mars.”

Diving directly into the thin atmosphere at about 16,600 miles per hour (26,460 kilometers per hour), Pathfinder will release its parachute, then jettison the heat shield that protected it from the heat of entry. A tether will be deployed to lower the spacecraft from its backshell; airbags will then inflate about eight seconds before landing. Deceleration rocket engines will fire to nearly halt the craft for an instant in mid-air just before impact.

Once the rockets have been fired, Pathfinder will free-fall up to 100 feet (30 meters) before hitting the ground at a speed of up to 55 miles per hour (90 kilometers per hour). At impact, the spacecraft, now looking like a huge (15-foot-diameter (5-meter)) beach ball, will bounce many times, possibly as high as a 10-story building, until all impact energy dissipates. The interval between initial impact and complete halt may take as long as several minutes.

The site will be in darkness when Pathfinder lands at 3 a.m. local Mars time (shortly before 10 a.m. PDT; signal would be received on Earth at 10:07 a.m. PDT). After the spacecraft has come to a halt, its first task will be to deflate the airbags and open its petals. “The airbags might begin to deflate immediately after landing if they have been torn by the impact,” said Robert Manning, Pathfinder Flight System Chief Engineer at JPL. “If not, each of the bags has vents which will be opened to speed up the process of deflation.”

As the Sun rises over the landing site at 12:45 p.m. PDT, Pathfinder will switch over from battery power to solar power. The lander will use its low-gain antenna to transmit critical data on the state of the spacecraft starting at about 2 p.m. PDT.

“By around 3 p.m. Pacific time, we’ll have the critical data that we need to determine whether we have a basically healthy spacecraft in reasonably good condition, or whether we’ll need to start thinking about contingency operations,” Muirhead said. “Frankly, we will be very surprised if everything goes just right, since there are so many conditions that are unknown until we actually arrive at the landing site.”

If no significant errors have been detected in the data and the spacecraft is healthy, a sequence will be sent to Pathfinder commanding it to unlock the imager camera head. The imager will first look for the Sun and, if found, the lander will use the location of the Sun to determine its orientation on the surface of Mars. The lander will then autonomously point the high-gain antenna toward Earth. Images of the spacecraft and the region around the rover petal will be taken and sent back to Earth through the high-gain antenna. If the camera, known as the Imager for Mars Pathfinder (IMP), does not successfully locate the Sun, then the mission will continue using the low-gain antenna. If this happens, fewer images will be sent back to Earth because of the antenna’s much lower data rate.

Once images of the spacecraft and the rover on its petal have been received on Earth, the flight team will decide whether to deploy the rover ramps. This could take place on the first or second day of the mission. Once either or both ramps are unrolled, images of them and the terrain around the ends of the ramps will be taken and sent to Earth. If conditions are safe, the rover will be commanded to stand up and proceed down a ramp, either forward or backward. The rover should be deployed sometime during the first three days of the mission.

In addition to rover deployment images, Pathfinder’s camera will take a panoramic image of its surroundings. If the high-gain communications link is operational, these images will begin to be transmitted as early as the first day of the mission. If the low-gain antenna is being used, these images will be sent down much later. The lander also will be transmitting science data on the temperature, atmospheric pressure and winds on Mars.

Once the rover sets out to explore Mars, it will rely on a toolkit of miniature instruments to study the composition of rocks and take close-up photos of Martian surface features. The rover is named Sojourner, after American civil rights crusader Sojourner Truth.

“Starting with the lander camera stereo images, we will use special goggles to view the terrain in three dimensions, and look for safe paths to travel along in order for the rover to reach specific rocks and regions to conduct science and technology experiments,” said Brian Cooper, the primary rover driver on the mission. “Once the path is decided, we will drive the rover using a set of software instructions that will be uplinked to the rover each day.”

The landing site, Ares Vallis, was chosen because scientists believe it is a relatively safe surface to land on and contains a wide variety of rocks washed down into this flood basin during a catastrophic flood. During its exploration of the surface, Sojourner will rely on the lander primarily for communications with Earth and for imaging support.

“Ares Vallis is particularly interesting to geologists because it drains a region of ancient, heavily cratered terrain that dates back to early Martian history, similar in age to the meteorite Allan Hills 84001, which contains scientific evidence suggesting life may have begun on Mars billions of years ago,” said Dr. Matthew Golombek, Pathfinder Project Scientist. “By examining rocks in this region, Pathfinder should tell scientists about the early environment on Mars, which is important in evaluating the possibility that life could have begun there.”

Pathfinder’s instruments and mobile rover are not designed to provide an answer to the question of life on Mars. They are designed to provide an in-depth portrait of Martian rocks and surface materials over a relatively large landing area, thereby giving scientists an immediate look at some of the crustal materials that make up the red planet. Pathfinder data also will be used to verify observations that are made from space when an orbiter, called Mars Global Surveyor, arrives at Mars in September and later, in March 1998, begins its two-year mapping mission.

The Mars Pathfinder mission, along with Mars Global Surveyor, mark the beginning of a new era in Mars exploration and an ambitious new initiative by the United States to send pairs of spacecraft to the red planet every 26 months in a sustained program of robotic exploration extending well into the next century. This program of robotic exploration will expand scientists’ knowledge of Mars in three important areas of investigation: the search for evidence of past life on Mars; understanding the Martian climate and its lessons for the past and future of Earth’s climate; and surveying the geology and resources that could be used to support future human missions to Mars. The program will culminate in a robotic sample return mission to be launched as early as 2005.

Source: Mars Pathfinder Landing Press Kit, July 1997. Press Kits file. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000013838.pdf

GENERAL PUBLIC SPACE TRAVEL AND TOURISM (1998)

This document, a summary of a workshop held in February 1997, reviews the findings of the National General Public Space Travel and Tourism Study Steering Group. The goal of this group was to assess the opportunities and problems in space travel in tourism. Some of the issues reviewed include the logistics, costs, regulations, financial, and other topics that could affect this new exploration of space.

The first paying space tourist was Dennis Tito, who visited the ISS in 2001. Between 2001 and 2009, six additional space tourists would fly to the International Space Station aboard Russian Soyuz spacecraft, at $20 to $40 million each. However, with the end of the Space Shuttle program, Russia reserved its seats for NASA astronauts instead of space tourists.



Space Transportation and Destination Facilities Considerations

Getting into and back from space safely and reliably, and for an acceptable price and in reasonable comfort, and having somewhere to go there, are fundamental to the concept of general public space travel and tourism. Areas for consideration are far-ranging, and include space transportation vehicles and their operation (both opportunities to use existing vehicles and the development of specialized transports) and space “habitats” and other facilities in space which will eventually serve as destinations. Some kinds of initial space transportation vehicles would likely also serve as habitats in short duration trips, while space residences would eventually develop to support longer term stays, much as in earth-bound travel. Appropriate passenger-carrying Earth-Orbit transport vehicles are clearly essential. These may well be feasible in the relatively near future but, depending upon their size and the overall length and sophistication of the trips, required investment costs could be high—in extreme cases, very high. At present, there are several Federal government-aerospace industry and several purely private sector programs underway that, to various extents, can be visualized as providing some initial space travel and tourism capability. Dramatic advances in propulsion systems and structures are needed to see the lowest unit cost vehicle and largest service market develop. The probable costs to develop these systems will be high and government R&D co-investments are needed.

Validation of the real market for general public space travel and tourism is going to be an essential step. A central issue will be: is it possible to get that validation with current vehicles? In principle, the Shuttle fleet and small-scale trips using vehicles now under development could explore the market incrementally.

A notional—but not at all improbable—concurrent market and system-service development sequence might follow a path such as:



•enlarged terrestrial space-related travel and tourism businesses

•increasingly higher altitude adventure tourist sub-orbital trips

•global sub-orbital space plane package delivery and passenger-carrying services

•short duration adventure tourist orbital trips

•longer duration orbital trips, including stays at Low Earth Orbit [LEO] destinations



Eventually, supra-LEO trips would be taken, but this study is limited to the consideration of trips to no higher altitudes than LEO.

Although services could be initiated with passengers living in the transport vehicle (as current astronauts do in the Space Shuttle), destination residential facilities will eventually have to be developed. In both cases zero-gravity “sickness” problems must be solved, generally, or artificial gravity provided. Fortunately, there is much attention being paid to the former and studies have shown that the latter is possible.

LEO residential facilities will be sophisticated and expensive undertakings compared to those on the surface. Ultimately, providing levels of comfort and privacy that are comparable to very large and successful terrestrial ocean cruise lines will be a very strong driver for the acquisition of improved in-space infrastructure.

As is often the case in the creation of a new kind of business, issues and arguments tend to be circular: both markets and financing are dependent on each other already being in place. Some use of such government facilities as the Shuttle and the U.S. portion of the International Space Station (ISS) is very highly desirable inasmuch as (a) general public passenger R&D is required, (b) key technologies and subsystems operations must be demonstrated, and (c) general public merchandising demonstrations would be invaluable. Too, having the ISS close by and cooperating with early residential facility use could be comforting to architects, builders, operators and guests.



Passengers, Crew, Life Support and Insurance Considerations

The “human” issues and problems associated with public space travel and tourism are no less important than the technological challenges of getting them to/from space. There is the need to identify the accommodations that will be required to support the general public; the need for experienced crew and attendants and their likely functions; the need for life support equipment that will be required in passenger vehicles and habitats; space sickness, its effects, and its countermeasures and their implications; flight and hull insurance—all, hopefully, at an early moment. Numerous issues must be resolved and actions taken before safe, large scale, comfortable and routine general public space travel and tourism can begin.

There appear to be a variety of options called for beyond terrestrial, and lower atmosphere space travel and tourism, including varying costs, accommodations, and levels of preparedness and acceptable risk-taking by various kinds of future passengers.

These could include:



•sub-orbital trips (lasting less than 1 hr; all in the space transportation vehicle)

•three orbit trips (lasting up to 5 hours; all in the space transportation vehicle)

•three day trips (possibly including a LEO facility)

•resort packages (with stays of 1-2 weeks at a LEO facility and possibly even extra-facility activities)



For any of these cases, the transport vehicle and any in-space facility must provide accommodations with certain minimal personal and social standards. These include: safety, privacy, baggage handling, entertainment, training and exercise facilities, and easy to operate toilets, showers, eating-drinking facilities, and medical capabilities (in situ plus telemedicine). For instance, gravity loads during launch and re-entry should be limited to some 2 times that of surface gravity.

One of the major issues concerning general public space travel and tourism (especially during early, relatively short duration trips) is the prevention and/or the amelioration of space sickness in “zero gravity”. Nearly half of all people who have gone into space have experienced nausea and become ill because of the lack of gravity. Untreated, nausea and other effects can last for period ranging from a few hours to several days. However, there are steps that can be taken. First, medication exists which will help almost all individual travelers. Although this medication is inappropriate for a Space Shuttle pilot because of its side effect of drowsiness, there is no present reason to believe that it cannot provide relief to many/most passengers. In addition, for longer term stays, techniques exist by which artificial gravity could be created which would prevent essentially all space sickness. For the latter case, technological-operational approaches range from spinning centrifuges or turntables operating inside an otherwise “zero-gravity” habitat for short stays, all the way to large-scale rotating habitats that could provide as much as Earth-normal gravity on long stays.

Overall, the issue of accommodations, life support and other amenities provided for the paying clients of a space travel and tourism business requires careful consideration. These can be expected to vary in scale and type depending upon the character and expectations of the travelers (especially the ones who could be identified as “adventure tourists”) and on the duration of an individual’s stay in space.

Another important consideration will be the size and skills of the crew providing support and personal services to the passengers. (Reflecting upon the early days of commercial aviation’s passenger service accommodations could be helpful.) In order to assure confidence in comfort and safety a relatively large crew will probably be needed. Members of such crews will need exceptional people skills to handle the situations that are bound to arise in such an “alien” situation—informing without alarming, and calming without isolating when there are problems. Some or all crew members must also have appropriate medical training. In addition, adequate medical facilities must be provided locally, commensurate with the duration of the particular services being provided. Also, for longer duration trips (e.g., for a week-long stay) and where a greater degree of physical exertion may be expected (such as in-space sports) an appropriately trained and experienced physician must be available.

Appropriate and thorough passenger preparation will be essential. This may very well include specialized training in some cases. For example, a working familiarity with the systems on board the residential facility might be a useful aspect of assuring health and safety. Rather than being a burden, it may well prove that preparation activities are a valued part of the overall public space travel and tourism experience (perhaps like attending a space camp). Broad experience in the preparation process itself could well become a terrestrial revenue-generating element of an overall general public space travel and tourism business.

Even after the technologies needed to make travel and tourism service affordable have matured and the systems have been developed, tested and deployed, uncertainties and risks will remain. This will be true for in-space facilities, but it will be especially true for EO transports. Passenger, crew and vehicle insurance could become available, but would be expensive until transports are proven to be reliable by repeated usage over time. The “third party” liability issue must be addressed by both the vehicle developers and operators, and the Federal government, and this matter is now receiving increased attention. Practices similar to those employed on other so-called “adventure travel” trips, such as mountain climbing in the Himalayas where tourists sign a waiver of liability and proceed at their own risk, may be applicable in this case as well.

Again, both transports and hotels must be designed, developed and operated with basic general public physical, psychological and social considerations in mind.



Regulation, Certification, Legislation, Policy and Environmental Considerations

A myriad of legal and regulatory aspects of public space travel and tourism must be resolved before viable large scale businesses can emerge. This is especially true of those public agencies with the responsibility to regulate in the interest of public safety. This includes identification of public policies and/or laws that exist or must be enacted to enable business formation, licensing, certification and approval processes for both passengers and vehicles, clearance and over-flight considerations, and environmental and safety issues including atmospheric pollution, solar radiation (flares) and orbital debris.

National and international regulatory issues will affect general public space travel and tourism significantly. It will be crucial to assure both the Congress and the general public that this new business is considered to be safe by reasonable standards and acceptable by those who would take space trips. For example, it might be reasonable to expect that the earliest services will be safe by the standards of sky-diving, but not by the standards of today’s commercial aviation; recall that the latter required improvement over decades to reach its present high level. Whatever standards are applied, it will be important to streamline regulatory processes and to establish uniformity in those standards and their application. . . .



Financial, Economic, Business Planning and Market Considerations

The ability to start viable businesses that offer diverse services of various scales and prices will be the ultimate test for the realization of the concept of general public space travel and tourism. Financial planning, capital needs and sources, and the creation of viable business plans are fundamental to creating a sound new business area.

This study is not recommending any specific ventures inasmuch as these remain the purview of the private sector and its judgment regarding business opportunities, but it does identify general issues and classes of opportunities.

For instance, the early years of space tourism flights should be in vehicles whose operations are licensed under the existing authority of the Associate Administrator for Commercial Space Transportation in the FAA-DOT. This office already licenses space cargo launches, and has the statutory authority to closely monitor the safety related policies, procedures, and operations and equipment of launch operators.

After some years of experience with various vehicle types and potential failure modes, the Federal government then could formulate standards for certification of passenger spaceships. This evolution to certification would free spaceship operators of the need for specific approval for each trip that is required under the licensing regime. . . .

As these technical-operational goals are achieved, the price per ticket could drop below $50,000 per passenger, and might eventually reach the range of $10,000-$20,000. (By that time, if U.S. economic growth continues at the same rate as the past decade, in effect prices, in 1997 dollars, could be reduced by a factor of some 1.5X, and over 10 million households could have incomes, in 1997 dollars, of over $100,000 per year.) Market forecasts all suggest large real markets, but vary significantly in their predictions of market elasticity. However, with ticket prices well below $50,000, it is believed that there could be the order of 500,000 space trip passengers/year. (Transporting these many people/year would require the carrying to/from space of hundreds of millions of pounds of payload per year—roughly 1,000 times more than today’s total U.S. civil, commercial and industry annual space trip payload, but still many factors of ten less than is carried by commercial airlines.) . . .

And it is judged that, once public in-space trips of any character commence and continue with regularity, today’s terrestrial space tourism businesses would flourish.



Initial Ground Facilities, Space Tourism Theme Parks and Other Orbital Trip “Precursor” Considerations

A variety of ground facilities and activities may be called into play to support successful formation of general public space travel and tourism enterprises, especially including businesses that are formed to exploit the latent market demand even before actual in-space trips are available to the public. These facilities could include theme parks, trip training facilities, and other such public quasi-entertainment facilities that could develop around future general public space travel and tourism launch/recovery sites, and whose function it would be both to prepare the public for the space experience and simultaneously to profit from the undertaking. The success of these businesses could be crucial in raising both public awareness and large amounts of capital for the actual public in-space travel and tourism to follow. Again, these activities would also serve as transition activities for the present terrestrial travel and tourism businesses.

As noted above, Earth-based space travel and tourism already exists and is flourishing. However, to serve as an effective “precursor” to public in-space travel, terrestrial space travel and tourism must enlarge its marketing focus from children and adolescents of the “Star Wars” approach so as to emphasize average, typically very successful, professional adults. Private business may make a lot of money on these types of facilities and entertainment activities, including those around a future commercial spaceport, as well as through training camps, space camps, theme parks, space-related merchandise, etc. Such activities may begin well before actual in-space trips occur, and they could continue growing once in-space trips become available.

A variety of information-oriented “precursor” activities will probably be needed to engender the rapid creation of a general public space travel and tourism business. For example, greatly expanded communications efforts are needed to develop space travel and tourism groups and to promote entertainment in such related applications as movies, prizes, CDs, and books. In addition, using motion picture and/or other media personalities to promote public space trips may be a sound strategy. Private, non-profit, organizations (such as the newly created Space Tourism Society) could lead these information-oriented activities and assist in the building of a consensus on various issues. This would be an important step.

For instance, a virtual reality experience could be offered—one in which, on the surface, a person led by an astronaut could experience to some degree the characteristics of human spaceflight. Such experiences can be expected to whet the general public’s appetite for “the real thing”.

Too, it is now time for a few senior Federal officials who have responsibility for our civil and private sector space interests to consider taking trips to orbit. Their fundamental domain of responsibility is space itself, not the Earth’s surface, and their doing so could be a graphic signal to the Country that space trips are no longer to be confined to astronauts. Certainly their personal participation in opening up space to the general public is as important as sending probes throughout the solar system. In so doing, they would simply replicate the trips of such Federal officials as the President and the Secretaries of Defense and State, who oftentimes visit dangerous areas around the globe to ensure that our Country’s interests are well understood and supported.

Finally, it will be important that “precursor” activities provide early revenues to nascent general public space travel and tourism businesses and create a new public understanding that human spaceflight activities can be separate and distinct from those of NASA’s.



Research and Technology Development Requirements, and Use of Existing Space Assets

There are several appropriate research and technology development activities that the Federal Government should undertake to allow the future creation of privately-funded general public space travel and tourism businesses. These include any technology developments or demonstrations that are too risky or too long term for the private sector to undertake under novel market circumstances, and any research programs, such as in life sciences—all of which are traditional government undertakings. The Government’s role in advancing our satellite communications and remote sensing business interests continues to be a useful precedent.

Government-owned space assets, such as the Space Shuttle and the U.S. segment of the International Space Station should be used for the conduct of scientific, technological and operational inquiries and, as well, for market-stimulation and initial private citizen trips. National policy regarding Shuttle fleet operations should be examined in anticipation of the desirability of allowing this latter use. The privatization of the Shuttle is proceeding well with initial operations now being conducted by the private sector—the United Space Alliance. Analogous privatization of ISS operations should also be seriously studied.

EO transport vehicles based on current technologies and operating methods are not sufficiently safe or reliable for widespread general public transport, and they cost too much to operate. For example, a space travel and tourism business that used a current NASA Space Shuttle configured to carry 50 people would have to charge some $10 million per ticket just to cover operations and maintenance costs. In the relatively near term, improvements to the Shuttle vehicles and their enlarged operations might enable a 2-4 times reduction in these levels. At such prices, it might be possible to start a business, but it would be one which could only accommodate a few people each year at best.

To ensure that the use of costly public assets are used in a fundamentally egalitarian fashion, private sector interests could explore the use of a national lottery and/or auction with government cooperation.

A lottery would provide funds needed to work out the procedures for training and supporting non-professional space travelers. The purpose of an auction would be to determine at what price private trip services might be able to sell their initial tickets; the answer would significantly reduce the uncertainty about the initial market for space tourism, and thus improve the ability of commercial space travel companies to secure financing for private spaceships. The lottery and auction would be conducted only twice each, with a lottery and auction for Shuttle trips and again for combined Shuttle-Space Station trips. After these tests, space tourism would be conducted solely by private entities. It should be noted that the Department of State’s Immigration and Naturalization Service now conducts an international visa lottery and the Federal Communications Commission (FCC) has auctioned off use of portions of the electromagnetic spectrum—interesting and encouraging precedents.

In general, the Space Shuttle is suitable for R&D purposes, modest initial “adventure travel” public uses, and fundamental educational and merchandising activities. While some additional R&D could be conducted on the International Space Station its capability should be augmented by a private sector tourist module. Access to these systems would be very helpful in the development of general public space travel and tourism businesses.

R&D programs are underway to reduce the unit cost of space access. For example, the NASA/Lockheed Martin X-33 technology development and demonstration project—a part of the Reusable Launch Vehicle (RLV) program—is investing in both new technologies and operations approaches. This investment could enable the beginning of more businesses by driving the cost per ticket down to the order of $100,000 each. However, this level is still too high for the development of a truly “mass market”. Perhaps a lower “loss leader” price could be charged for Shuttle and/or RLV trips with an acceptable overall profit being obtained by including that from trip-related surface business activities.

Through the Advanced Space Transportation (AST) program NASA is also pursuing the development of technologies which, eventually, could reduce ticket prices to under $50,000.

The program includes:



•Highly reusable engines and vehicles

•Combination and/or combined cycle propulsion

•Off-board energy for launch assist or elimination of most propellants

•Advanced manufacturing, operations (including automation and robotics), and thrust augmentation systems (including upper stages)

•Advanced operations that enable further, dramatic, reductions in the number of ground and trip personnel



The validation of these technologies should be pursued in future successors to the X-33 technology demonstration program.

Staying at an orbital residence for as little as a week would increase the cost of this kind of general public space travel and tourism significantly. Acceptable unit costs would require more advanced technology and operating concepts than those being used for the International Space Station, and the government should initiate R&D activities to lower such infrastructure costs.

Source: O’Neil, Daniel (compiler). General Public Space Travel and Tourism, Vol. 1. Executive Summary. 1998. NASA/STA, NP-1998-03-11-MSFC. Available online at http://www.spacefuture.com/archive/general_public_space_travel_and_tourism.shtml

ASTRONAUT JOHN GLENN AND PRESIDENT CLINTON: EMAILS IN SPACE (NOVEMBER 7, 1998)

John Glenn was one of the original Mercury Seven astronauts, and in 1962 was the first American to orbit the Earth. After leaving NASA in 1964, he served as a senator for 24 years. In 1998, he flew again, this time as part of the STS-95 crew on Discovery. At 77 years old, he was the oldest person to ever fly in space. As part of the mission, Glenn passed the same physical exam as the other astronauts, and performed research on sleep monitoring and protein use to see if the effects of spaceflight had any impact on aging. Anecdotally, Clinton’s email to Glenn is often referred to as the first email sent by a sitting president; while that is not true, it is one of the earliest.



Dear Mr. President,

This is certainly a first for me, writing to a President from space, and it may be a first for you in receiving an E mail direct from an orbiting spacecraft.

In any event, I want to personally thank you and Mrs. Clinton for coming to the Cape to see the launch. I hope you enjoyed it just half as much as we did on board. It is truly an awesome experience from a personal standpoint, and of even greater importance for all of the great research projects we have on Discovery. The whole crew was impressed that you would be the first President to personally see a shuttle launch and asked me to include their best regards to you Hillary. She has discussed her interest in the space program with Annie on several occasions, and I know she would like to be on a flight just like this one.

We have gone almost a third of the way around the world in the time it has taken me to write this letter, and the rest of the crew is waiting. Again, our thanks and best regards. Will try to give you a personal briefing after we return next Saturday.



Sincerely,

JOHN GLENN

Dear John,

Thanks for your message. Hillary and I had a great time at the launch. We are very proud of you and the entire crew, and a little jealous. We can’t wait for you to get home so we can have a first hand report. Meanwhile back on earth, we’re having a lot of fun with your adventure. At a camp rally in Queens, I asked an 83 year old lady what she thought of your trip. She replied that it seemed like a perfectly fine thing for a young man like you to do! I hope your last few hours go well. Give my best to the rest of the crew.



Sincerely,

BILL CLINTON

Source: Public Papers of the Presidents of the United States. William J. Clinton, 1998, Book 2. Washington, DC: Government Printing Office, 1999–2000, 2004.


Chapter 7: The Commercialization of Space (2000s)

The commercialization of space has been a techno-economic evolution, characterized, as biological evolution is, by punctuated equilibrium: branching and speciating, successful branches growing longer and branching further, other branches ending in failed experiments. Early rockets were developed on the one hand under the patronage of private philanthropy in the case of Robert Goddard, and on the other by technocracy, the government funded and directed development of technology to serve national goals, as in the case of the V-2. As technocratic rocketry migrated to the United States in the aftermath of the Second World War, the government contracted with private industry to develop missiles: Chrysler (Redstone and Jupiter), Douglas (Thor/Delta), Convair (Atlas), and Martin (Titan). However, as these rockets were further developed into satellite launchers, the government continued to own their launch services, and in the early years of the space age, all satellites were governmental as well.

The launch of the American Telephone and Telegraph Company’s Telstar on July 10, 1962, inaugurated the commercial space age. In the United Nations Committee on the Peaceful Uses of Outer Space, the Soviet Union’s representative objected; it was the Soviet position that all space operations should be governmental. The United States was unalterably opposed to the Soviet position; its interest was in the expansion of capitalism into outer space. The United States, supported by other capitalist states, prevailed in the United Nations, as on December 13, 1963, the General Assembly adopted the Declaration of Legal Principles Governing the Activities of States in the Exploration and Use of Outer Space. The Declaration recognized the legal right of nongovernmental entities to engage in space activities, subject to “authorization and continuing supervision by the State concerned.” States would also “bear international responsibility for national activities in outer space, whether carried on by governmental agencies or by nongovernmental entities.” The Outer Space Treaty, opened for signature on January 27, 1967, (coincidentally, the same day as the Apollo 1 fire) contained much the same language. By then the Communications Satellite Corporation was operating a number of satellites, and many more commercial satellites would follow as the Radio Corporation of America, Western Union, and other companies entered the satellite communications market. Over time, the services provided by government-developed satellite systems such as Landsat were privatized. There are those who decry the Outer Space Treaty as a continuing barrier to the commercialization of space; this view is a misreading of the treaty and its history. Although the early space age was dominated by technocracy, the treaty’s U.S. negotiators understood this to be a temporary aberration, that in time, after governmental programs had developed and matured space technology sufficiently, the costs and risks of spaceflight would reach tipping points, which would make successive types of space endeavors commercially feasible. The first of these were communications satellites, but many others would follow.

Private space-launch ventures in the 1980s failed. The German company Orbital Transport und Raketen AG (OTRAG) sought to develop a low-cost satellite launcher as an alternative to the European Ariane and the US Space Shuttle; however, France and the Soviet Union had opposed German long-range rocket development since the Second World War, and they applied international political pressure to shut down OTRAG. In the United States, rocket engineer Robert Truax designed the reusable Volksrocket for suborbital space tourism, but he was unable to attract sufficient funding to carry the project to completion.

The Commercial Space Launch Act of 1984 recognized the U.S. private sector as having the capability to develop commercial launch vehicles and satellites, and to operate private launch sites and services. Initially, however, commercial launch services were hampered by the Reagan administration’s policy of putting all U.S. payloads on the Space Shuttle; the Delta and Atlas production lines were shutting down, and work on the Titan program was mostly that of refurbishing and reconfiguring decommissioned intercontinental ballistic missiles as satellite launchers for the Air Force. In the wake of the Challenger accident in January 1986, the administration was forced to reverse its policy. McDonnell Douglas (Delta), General Dynamics (Atlas), and Martin Marietta (Titan) could now market their launch services to the world, although the European corporation Arianespace had captured a large market share due to the Space Shuttle’s failure to achieve its promised launch rate. In the 1990s, launch processing at Cape Canaveral was largely privatized, including that of the Space Shuttle. Meanwhile, Vandenberg Air Force Base’s Space Launch Complex 6 (SLC-6), perhaps the most expensive never-used real estate on the planet, having been built originally for the Air Force’s canceled Manned Orbiting Laboratory in the 1960s, then reconfigured for West Coast Space Shuttle launches in the 1980s, was reconfigured again in 1994 for Lockheed Martin’s Athena commercial launch vehicle. SLC-6 was reconfigured yet again in 1999 to accommodate launches by Boeing’s Delta IV (Boeing having acquired McDonnell Douglas).

At the turn of the twenty-first century, entrepreneurs set their sights on a new class of commercial space services: space tourism. Truax had tried it and failed, but with sufficient financial backing, suborbital passenger service might be possible, which would return profits. There had already been orbital tourists aboard the Space Shuttle before the Challenger accident, as well as on Soyuz visits to the Soviet Mir space station in the early 1990s. In 1995, Peter Diamandis proposed a space prize to spur development of low-cost spaceflight. The X-Prize Foundation was founded the following year, and the $10 million Ansari X-Prize was offered for the first privately-developed, reusable transportation system “capable of carrying three people to 100 kilometers above the Earth’s surface, twice within two weeks,” in the hope that the competition would lead to new, low-cost systems that would make spaceflight affordable to private persons. Twenty-six teams from around the world participated. Scaled Composites achieved the first private flight above 100 kilometers (62.1 miles) on June 21, 2004, with Mike Melvill piloting SpaceShipOne, and it ultimately won the prize when Melvill flew SpaceShipOne on September 29 and Brian Binnie followed with a flight on October 4.

Many of the competing teams folded after the Ansari X-Prize, while others soldiered on and new ventures emerged. The SpaceShipOne flights quickly captured the interest of the British entrepreneur Sir Richard Branson, founder of the Virgin Group. In 2004 he established Virgin Galactic for the purpose of operating suborbital space tourism flights with a fleet of larger SpaceShipTwo vehicles. On September 24, 2004, Branson predicted that Virgin Galactic would be flying paying passengers starting in 2007, and that 100 flights per year would occur over the next five years. In fact, the first of the vehicles, VSS Enterprise, did not roll out until 7 December 2009, and flight tests were drawn out longer than anticipated. During a powered test flight on October 31, 2014, VSS Enterprise broke apart over the Mojave Desert as it approached Mach 1. Command pilot Peter Siebold escaped from the craft and parachuted to safety, while copilot Michael Alsbury was killed. The National Transportation Safety Board determined that Alsbury had prematurely deployed the “feathering mechanism,” which was designed to be deployed in the upper atmosphere during the vehicle’s descent from the fringes of space.1 The NTSB also faulted the spacecraft’s design for its lack of a fail-safe system that would have prevented or deterred premature deployment of the feathering mechanism. This and other deficiencies having been corrected in the second SpaceShipTwo, VSS Unity is undergoing flight tests as of this writing.

Meanwhile, in contrast to Virgin Galactic’s system, which takes off from and lands on a runway, Blue Origin is developing the reusable vertical-takeoff, vertical-landing New Shepard for suborbital passenger flights. It appears that both SpaceShipTwo and New Shepard may begin carrying paying passengers in 2019. XCOR suspended development of its horizontal takeoff, horizontal landing Lynx in 2016.

A circumlunar tourism venture, Excalibur Almaz, proposed to use the Russian TKS (Транспортный корабль снабжения) “Transport Supply Spacecraft.” In 2009, the company was pitching for such flights to be possible in 2013; it also intended to offer commercial cargo and crew delivery and return to and from low Earth orbit, and it hoped to attract NASA funding as part of the Commercial Crew Development Round 2 (CCDev2) competition in 2011. Beginning in 2013, Excalibur Almaz and its principals became entangled in a series of lawsuits alleging fraud.

Another private venture for deep space human spaceflight, Mars One Ventures AG, announced in 2012 its goal to begin the colonization of Mars in 2023 with the first of a series of one-way trips. Within a few years, that schedule slipped to no earlier than 2032. The company went bankrupt in 2019.

Since the retirement of the Space Shuttle in 2011, NASA has relied on Russia’s Soyuz to ferry its astronauts to and from the International Space Station (ISS); however, much of the supplies have been carried aboard unpiloted cargo spacecraft developed as commercial ventures. The SpaceX Dragon is launched from Cape Canaveral and Kennedy Space Center on reusable Falcon 9 launchers, while the Orbital Science (since acquired by Northrop Grumman) Cygnus is launched either from Cape Canaveral on United Launch Alliance’s Atlas V launcher or from the Mid-Atlantic Regional Spaceport on Northrop Grumman’s Antares launcher. The U.S.-launched manned spaceflight gap that opened with the retirement of the Space Shuttle is scheduled to finally close in 2019 when two commercially-developed spacecraft begin flight operations: the SpaceX Crew Dragon and the Boeing CST-100 Starliner. Both are designed to carry up to seven people and can be reused, and both will ferry crews to and from the ISS. An unpiloted cargo version of the Dragon 2 will replace the original Dragon design. SpaceX had been planning to launch a Dragon 2 in May 2018 to land on Mars as an un-crewed technology demonstrator in preparation for later piloted missions; however, as a 2017 redesign of the Dragon 2 eliminated the need for landing legs for recovery on Earth, the Red Dragon mission was put on hold.


EXPEDITION ONE CREW BRINGS THE STATION TO LIFE (OCTOBER 25, 2000)

When Expedition One launched from Kazakhstan on a Soyuz rocket, the age of cooperation in space truly began. The crew included one American and two Russians. They docked at the International Space Station on November 2, 2000, and began the first long-duration stay. They lived at ISS for 136 days, conducting station assembly and maintenance, scientific experiments, communications with Earth, and biological needs (sleep, food, and exercise). They were resupplied four times until the space shuttle Discovery arrived on March 10, 2001, with the next crew. After a few days of working together and a changeover ceremony, the Expedition One crew flew home on Discovery, landing on March 21, 2001.



A new chapter in human space flight history will unfold with the launch of the first permanent occupants of the new International Space Station (ISS), the Expedition One crew. Scheduled for liftoff Oct. 31 at approximately 2:53 a.m. EST (7:53 GMT) on a Russian Soyuz rocket from the Baikonur Cosmodrome in Kazakhstan, Expedition Commander William Shepherd (Capt., USN), Soyuz Commander Yuri Gidzenko (Lt. Col., Russian Air Force) and Russian Flight Engineer Sergei Krikalev will dock to the ISS two days later to begin a pioneering four-month mission to prepare the facility for future scientific research.

Shepherd will become the second American to be launched in a Soyuz capsule for his fourth flight into space, following in the footsteps of Dr. Norm Thagard, who was launched on March 14, 1995, as part of the Mir 18 crew to become the first American to live and work aboard the Mir Space Station. Shepherd will be responsible for the overall success and safety of the shakedown mission. Gidzenko, who previously spent 179 days in space as Commander of the Mir, is making his second trip into space, responsible for the launch and docking of the Soyuz to the ISS. Krikalev, with 484 days in space to his credit on four previous flights, will be Flight Engineer during launch and will take the major responsibility for most Station systems. He will become the first person to visit the ISS twice, having flown on the Space Shuttle Endeavour in December 1998 to mate the Zarya and Unity modules in the initial ISS assembly flight.

The Expedition One crew members will return to Earth next February aboard the Space Shuttle Discovery at the completion of the STS-102 mission, which will bring the second resident crew to the ISS to begin scientific research in earnest following the delivery of the U.S. Laboratory Destiny a month earlier.

During their four months on board the Station, Shepherd, Gidzenko and Krikalev will host three visiting Shuttle crews, which will bring the large U.S. photovoltaic arrays to augment ISS power capability, the U.S. Laboratory Destiny, which will be the centerpiece for scientific research in the future, and the first science racks for Destiny, along with a variety of other key hardware. In addition to activating those systems, the Expedition One crew will unload three unmanned Russian Progress resupply vehicles, which will automatically link up to the Station’s Russian module docking ports during the crew’s visit.

In their first weeks on board, the Expedition One crew members will activate critical life support systems and unpack Station components, clothing, laptop computers, office equipment, cables and electrical gear left behind for them by previous Shuttle crews which conducted logistic supply flights to the new complex over the past two years. By “moving in” to their new home, Shepherd, Gidzenko and Krikalev will set the stage for a continuous human presence in space by international researchers for at least the next 15 years.

The Expedition One mission will embark from the same launch pad at the Baikonur Cosmodrome from which Yuri Gagarin was launched almost 40 years ago to become the first human to fly in space. A three-stage, 310-ton Soyuz rocket will lift the crew members to a preliminary orbit about 10 minutes after launch, enabling Gidzenko to begin a series of rendezvous maneuvers, which will lead to the capsule’s docking to the aft port of the Zvezda Service Module around 4:20 a.m. EST on Nov. 2.

Ninety minutes after docking, Shepherd will open the hatch to Zvezda and the crew members will enter the complex for the first time. Their first tasks will include the activation of a food warmer in Zvezda’s galley, the setup of their sleeping quarters and initial communications checks with both Mission Control in Houston and the Russian Mission Control Center in Korolev, outside Moscow.

The crew will communicate with both teams of flight controllers, using Russian communications gear in Zvezda and the Zarya module, and the S-band Early Communication gear in the U.S. Unity Module, which has been used for the past two years to allow U.S. flight controllers to command ISS systems and read Station system data when Russian ground station coverage is not available.

In the ensuing days, Shepherd, Gidzenko and Krikalev will activate computers in Zvezda which will control ISS functions, the Vozdukh air purification system, the Elektron oxygen generation system, a water supply system which generates drinking water as the byproduct of the Elektron’s operation and Station exercise equipment, which was installed during the STS-106 mission in September. During its stay on the Station, the crew will also outfit the Crew Health Care System (CheCS), an on-board medical center stocked with medicine and implements which would be used to treat an ill or injured crew member.

Shortly before the end of the year, Gidzenko and Krikalev will conduct an “internal” space walk in Zvezda’s transfer compartment in Russian Orlan spacesuits, depressurizing the conical area at the forward end of the Service Module to transfer a docking cone from the port at which Zvezda linked up to Zarya, to the Zvezda’s lowermost, or nadir, docking port. This will enable the linkup of the Russian Docking Compartment to that nadir port next spring. Shepherd is also cross-trained to perform the space walk, although he plans to monitor the activity from inside Zvezda.

The crew will use Greenwich Mean Time (GMT) as its time reference during the flight, designed to provide the best combination of communications coverage for both U.S. and Russian flight control teams as the ISS orbits the Earth every 90 minutes in an orbit inclined 51.6 degrees to either side of the Equator.

A typical Expedition One crew day will begin with an electronic tone wake-up call at about 12:01 a.m. Eastern time. After about two hours to read morning mail uplinked by U.S. flight controllers and a chance to clean up and have breakfast, the crew will begin its daily work which will be scheduled to provide a lunch break at midday. The crew will complete its workday by mid-afternoon with a daily planning session with the flight control teams for the following day’s activities. Dinner would precede an 8 ½- to 9-hour sleep period.

The crew plans to conduct at least two tagups each day with U.S. flight controllers using the slow-scan Internet-style video capability associated with the on-board Early Communications System. Russian television will be sparse initially, but will increase as time passes with the delivery of internal television equipment for Zvezda aboard a Russian Progress resupply craft in mid-November. The U.S. KU-band communications equipment housed in the Z1 Truss structure, which was installed on the Station during the STS-92 mission, will not be activated until the second resident crew arrives early next year.

Although science activities will be somewhat modest for the Expedition One crew, there will be a schedule of experiments focusing on material and life sciences planned for its four-month mission.

Source: “Expedition One Crew Brings the Station to Life Press Kit.” October 25, 2000. Press Kits file. NASA History Office. Available online at https://historydms.hq.nasa.gov/sites/default/files/DMS/e000019435.pdf

SPACE TOURISM PROMOTION ACT OF 2001 (JULY 10, 2001)

In July 2001, Representative Nick Lampson of Texas introduced this bill into the House of Representatives. The goal was to regulate the new space tourism industry. Dennis Tito, an American businessman, had just traveled to the ISS on a Russian spacecraft in May, paying around $20 million. Rep. Lampson wanted to have a policy in place should an American institution offer to do the same. The bill allowed the federal government to stimulate a private industry presence through loans and tax credits, but declined to involve federal agencies (such as NASA) or facilities. The bill was referred to the Subcommittee on Space and Aeronautics, but died there.



A BILL

To promote the development of the United States space tourism industry, and for other purposes.

Be it enacted by the Senate and House of Representatives of the United States of America in Congress assembled,

SECTION 1. SHORT TITLE.

This Act may be cited as the “Space Tourism Promotion Act of 2001”.

SEC. 2. FINDINGS.

The Congress finds that—

(1) humans have long had a yearning to travel in space and experience conditions beyond Earth’s atmosphere;

(2) forty years of human space flight experience have demonstrated the feasibility of safe travel to and from space as well as the ability of humans to live and work in space;

(3) the Nation’s human space flight program has developed technologies and operational procedures that the private sector could make use of to enable American citizens to experience space travel;

(4) space tourism has the potential to become a significant industry and a powerful stimulus for advances in space transportation;

(5) the Federal Government could play an important role in stimulating the development of space tourism by means of guaranteed loans, tax credits, expeditious establishment of a straightforward and predictable regulatory structure, and research and development in technologies that may enable the private sector to develop operational passenger-carrying space transportation systems and on-orbit habitations;

(6) as the agency of the Federal Government primarily responsible for the development of America’s commercial sector, the Department of Commerce, and in particular its Office of Space Commercialization, should have the lead role in encouraging the growth of space tourism;

(7) as the agency of the Federal Government currently responsible for regulating America’s commercial space transportation industry, the Federal Aviation Administration, and in particular its Office of Commercial Space Transportation, should have the lead role in establishing the regulatory structure necessary to ensure the safety of United States space tourism;

(8) as the agency of the Federal Government responsible for carrying out the major share of the Nation’s civil space activities, the National Aeronautics and Space Administration should continue its traditional role of conducting research and development related to new space technologies and systems and facilitating their transfer to the private sector;

(9) it is an appropriate role for the Federal Government to undertake measures to encourage the development of space tourism in the United States; and

(10) at the same time, it is an inappropriate role and a misallocation of taxpayer-provided resources for the Federal Government to compete with the private sector in the provision of transportation vehicles or facilities for space tourism.

SEC. 3. DEFINITIONS.

In this Act—

(1) terms that are defined in the Federal Credit Reform Act of 1990 have the meaning given those terms in that Act; and

(2) the term “space tourism” means travel to, from, or within outer space, or to the surface of a body in space other than Earth, or habitation in outer space, for the purpose of recreation.

SEC. 4. LOAN GUARANTEES.

(a) Authority.—

(1) In general.—The Secretary of Commerce may guarantee up to 85 percent of the value of loans for the purpose of developing transportation systems, habitation facilities, or other infrastructure required for space tourism. . . .

“(b) Qualified Space Tourism Corporation.—For purposes of subsection (a), the term ‘qualified space tourism corporation’ means, with respect to any taxable year, a domestic corporation which is a C corporation if—

“(1) such corporation is organized exclusively for providing to unrelated persons any service of space tourism (as defined in section 3 of the Space Tourism Promotion Act of 2001), and

“(2) such corporation derives at least 75 percent of its gross receipts from the active conduct of a trade or business of providing a service described in paragraph (1). . . .

SEC. 6. ESTABLISHMENT OF REGULATORY STANDARDS.

(a) In General.—Not later than 2 years after the date of the enactment of this Act, the Secretary of Transportation shall issue regulations to govern—

(1) activities necessary to ensure the safe operation of passenger-carrying launch and reentry vehicles and spacecraft for space tourism, to the extent to which regulatory procedures have not previously been established by law; and

(2) activities related to the provision of and safe operation of habitable facilities in outer space for space tourism purposes.

(b) Orbital Debris Avoidance.—Not later than 2 years after the date of the enactment of this Act, the Secretary of Transportation shall issue regulations to prevent, to the extent practicable, the growth of orbital debris resulting from activities associated with space tourism.

(c) Legal Regime.—Activities taking place on space tourism habitation facilities and passenger-carrying launch and reentry vehicles and spacecraft for space tourism licensed or otherwise regulated by the Secretary of Transportation shall be governed by the laws of the United States.

SEC. 7. USE OF FEDERAL FACILITIES.

(a) Prohibition Against Certain Uses of Federal Facilities.—

(1) In general.—Launch, reentry, and space travel vehicles owned by the Federal Government shall not be used for the transport of any individuals other than those engaged in or supporting the conduct of official business of the United States or the conduct of scientific or engineering research and development, except in emergency situations.

(2) International space station.—The United States portion of the International Space Station shall not be visited or occupied by any individuals other than those engaged in or supporting the conduct of official business of the United States or the conduct of scientific or engineering research and development, and those authorized by relevant international agreements, except in emergency situations.

(b) Use of Other Federal Facilities.—The use of other Federal facilities and infrastructure, such as launch ranges and data relay satellites, shall be made available to commercial entities engaged in space tourism on a cost-reimbursable basis to the extent that excess capacity exists at the time the commercial entity requests the use of such facilities and infrastructure.

Source: H.R. 2443 (IH) – Space Tourism Promotion Act of 2001

PRESIDENT BUSH’S SPEECH ON THE COLUMBIA DISASTER (FEBRUARY 4, 2003)

During the launch of Columbia’s 28th mission, a piece of foam broke off and hit the wing of the orbiter. While the mission proceeded as planned, during reentry, the spacecraft disintegrated, killing all seven members of the crew. Much like the Challenger disaster, the Space Shuttle program was immediately grounded; it would be 29 months before a Shuttle flew again. This grounding would again delay construction of the space station. The investigation revealed some controversy: NASA officials refused to examine the incident while Columbia was still in space, deciding that even if there was damage, there was nothing that could be done about it. However, the Atlantis was nearly prepped for launch, and could possibly have mounted a rescue mission. Three days after the crash, President George W. Bush led a memorial service at the Lyndon B. Johnson Space Center, where he made these remarks.



Their mission was almost complete, and we lost them so close to home. The men and women of the Columbia had journeyed more than 6 million miles and were minutes away from arrival and reunion.

The loss was sudden and terrible, and for their families, the grief is heavy. Our Nation shares in your sorrow and in your pride, and today we remember not only one moment of tragedy but seven lives of great purpose and achievement.

To leave behind Earth and air and gravity is an ancient dream of humanity. For these seven, it was a dream fulfilled. Each of these astronauts had the daring and discipline required of their calling. Each of them knew that great endeavors are inseparable from great risks, and each of them accepted those risks willingly, even joyfully, in the cause of discovery.

Rick Husband was a boy of 4 when he first thought of being an astronaut. As a man, and having become an astronaut, he found it was even more important to love his family and serve his Lord. One of Rick’s favorite hymns was “How Great Thou Art,” which offers these words of praise: “I see the stars. I hear the mighty thunder. Thy power throughout the universe displayed.”

David Brown was first drawn to the stars as a little boy with a telescope in his backyard. He admired astronauts, but, as he said, “I thought they were movie stars. I thought I was kind of a normal kid.” David grew up to be a physician, an aviator who could land on the deck of a carrier in the middle of the night, and a shuttle astronaut. His brother asked him several weeks ago what would happen if something went wrong on their mission. David replied, “This program will go on.”

Michael Anderson always wanted to fly planes and rose to the rank of lieutenant colonel in the Air Force. Along the way, he became a role model, especially for his two daughters and for the many children he spoke to in schools. He said to them, “Whatever you want to be in life, you’re training for it now.” He also told his minister, “If this thing doesn’t come out right, don’t worry about me. I’m just going on higher.”

Laurel Salton Clark was a physician and a flight surgeon who loved adventure, loved her work, loved her husband and her son. A friend who heard Laurel speaking to Mission Control said, “There was a smile in her voice.” Laurel conducted some of the experiments as Columbia orbited the Earth and described seeing new life emerge from a tiny cocoon. “Life,” she said, “continues in a lot of places, and life is a magical thing.”

None of our astronauts traveled a longer path to space than Kalpana Chawla. She left India as a student, but she would see the nation of her birth, all of it, from hundreds of miles above. When the sad news reached her hometown, an administrator at her high school recalled, “She always said she wanted to reach the stars. She went there, and beyond.” Kalpana’s native country mourns her today, and so does her adopted land.

Ilan Ramon also flew above his home, the land of Israel. He said, “The quiet that envelops space makes the beauty even more powerful, and I only hope that the quiet can one day spread to my country.” Ilan was a patriot; the devoted son of a Holocaust survivor served his country in two wars. “Ilan,” said his wife, Rona, “left us at his peak moment, in his favorite place, with people he loved.”

The Columbia’s pilot was Commander Willie McCool, whom friends knew as the most steady and dependable of men. In Lubbock today they’re thinking back to the Eagle Scout who became a distinguished naval officer and a fearless test pilot. One friend remembers Willie this way: “He was blessed, and we were blessed to know him.”

Our whole Nation was blessed to have such men and women serving in our space program. Their loss is deeply felt, especially in this place, where so many of you called them friends. The people of NASA are being tested once again. In your grief, you are responding as your friends would have wished, with focus, professionalism, and unbroken faith in the mission of this agency.

Captain Brown was correct: America’s space program will go on.

This cause of exploration and discovery is not an option we choose. It is a desire written in the human heart. We are that part of creation which seeks to understand all creation. We find the best among us, send them forth into unmapped darkness, and pray they will return. They go in peace for all mankind, and all mankind is in their debt.

Yet, some explorers do not return, and the loss settles unfairly on a few. The families here today shared in the courage of those they loved, but now they must face life and grief without them. The sorrow is lonely, but you are not alone. In time, you will find comfort and the grace to see you through. And in God’s own time, we can pray that the day of your reunion will come.

And to the children who miss your mom or dad so much today, you need to know they love you and that love will always be with you. They were proud of you, and you can be proud of them for the rest of your life.

The final days of their own lives were spent looking down upon this Earth. And now, on every continent, in every land they could see, the names of these astronauts are known and remembered. They will always have an honored place in the memory of this country. And today I offer the respect and gratitude of the people of the United States.

May God bless you all.

Source: Public Papers of the Presidents of the United States. George W. Bush, 2003, Book 1. Washington, DC: Government Printing Office, 2006, pp. 126–127.

ELON MUSK, TESTIMONY ON PRIVATE SPACEFLIGHT (JULY 24, 2003)

Since the beginning of the Space Race, space travel had been the domain of the government. Once launches became routine, private organizations began launching their own satellites. However, manned spaceflight remained out of the reach of nongovernmental organizations. In the early 2000s, however, that began to change. The Space Shuttles had been flying since 1981; the infrastructure was aging, and NASA was losing interest in maintaining it. To fill the gap, private companies began to explore the potential of manned spaceflight.

Entrepreneur Elon Musk founded SpaceX in 2002 with the aim of reducing the cost of space transportation, with the eventual goal of colonizing Mars. However, the U.S. government still was wary. In this testimony to a joint committee of the House and Senate, Musk outlines the environment needed to encourage private space flight.



On behalf of Space Exploration Technologies, I’d like to express my appreciation for being able to come before you here to address the issues related to access to space.

It is despairing to consider that the costs and reliability of access to space have barely changed since the Apollo era, three decades ago. Yet in virtually every other field of technology, we have made great strides in reducing the cost and increasing capability, often in ways we did not dream existed. We’ve improved computing costs by a factor of 10,000 or more, decoded the human genome, built the Internet, and made intercontinental flight available to the average citizen for no more than a few hundred dollars.

The exception to this wave of development has been space launch. But why? My best guess at the origin of the problem relates to the breakdown of a process that the economist, Schumpeter, called “creative destruction.” He postulated that the way an industry improves is that new companies enter a market with a lower price or superior product. This creates a forcing function for the whole market to improve. Looking at space-launch vehicles, we see a situation where there’s been not one single successful new entrant in four decades, apart from one company in the ‘80s. Even in that case, the solid rocket motors that constitute a majority of the manufacturing costs of its launches are, in fact, built by an old-line aerospace company. So we’ve really seen no truly new entrants to the American launch-vehicle market, and, therefore, should not be surprised that costs remain unchanged.

To address this problem, we must create a fertile environment for new space-access companies that brings to bear the same free-market forces that have made our country the greatest economic power in the world. If we can create such an environment, my expectation is that progress in space-launch costs and capability will be no less dramatic than in other technology sectors.

We are at a crucial turning point today. The recent entrepreneurial activity in space, my company perhaps included, shows promise, but it’s still embryonic and fragile. It is very important that our government, in all its forms, practically adopt a nurturing and supportive approach to new space-launch-vehicle developments.

It was to help change the equation of space exploration that I established SpaceX and set as our goal revolutionizing the cost and reliability of access to space, for nothing less is needed. Our first offering is a semi-reusable orbital launch vehicle called Falcon. Initially, we will deliver cargo to orbit in the form of satellites and spacecraft. However, we do believe in the long-term market for commercial human transportation.

There is no simple sound-bite that describes why our rocket is a fraction of the cost of efforts by existing launch service providers. Our approach has been to focus on reducing all of the cost elements of a launch-vehicle company, those being propulsion, structures, avionics, launch operations, and general overhead. We’ve also listened very carefully to the collective wisdom of key engineers involved with all major American rocket developments of the past three decades, to glean whatever lessons may be learned.

At this point, we’re very comfortable that selling the Falcon for $6 million per flight is economically viable. This is a reduction of over 75 percent, compared with our nearest incumbent competitor. Moreover, as SpaceX refines the recovery process for our rocket’s first stage, we believe that the price can be further reduced.

As you will no doubt hear from others on this panel and have heard, there needs to be clear regulatory authority for commercial launch vehicles of all kinds. It is also critical that such regulatory authorities recognize the early and experimental nature of the commercial launch-vehicle industry, providing only the minimum regulatory burden necessary to ensure reasonable safety for the general public. I believe that should be the key criterion.

We recommend reaffirming the authority to the AST office of the FAA as the primary regulatory agent for space vehicles. Moreover, and very importantly, progress in fostering new launch-vehicle developments should be a key metric of success in the performance evaluation of AST and other federal agencies when they report to Congress.

Environmental approval is a significant issue. For existing launch vehicles—for existing launch facilities, where launches are routinely conducted, we believe that either a blanket environmental impact statement that covers all nontoxic launch vehicles, or a categorical exclusion, such as exists for airplanes, would be immensely helpful. This would save a substantial amount of expense, paperwork and processing time.

For example, certain issues of environmental concern seem to defy common sense. The population of seals in the waters around Vandenberg increased by 12.7 percent last year, yet much concern is raised about how rocket launches might disturb them, and we are forced to spend $10,000 every launch to see if our relatively small rocket, which is nontoxic, affects their quality of life. This makes little sense. With that population growth rate, it seems clear that, if anything, the Vandenberg launch activity serves as an aphrodisiac.

(Laughter.)

Mr. Musk: Liability. One of the surest ways of preventing companies like SpaceX from offering human transportation in the future is to make it an unlimited-liability business. Where a single unintentional mistake can result in a multi-hundred-million-dollar jury award, it would instantly kill not only the company that made that mistake, but the entire industry.

General aviation almost perished in the ‘80s as a result of one massive jury award, of questionable justice, after another. It was only revived once legislation placed reasonable limits on liability. Moreover, in contrast to the fledgling status of entrepreneurial space, aviation was a strong and mature industry with a well-developed immune system.

We believe it is appropriate that a limit be placed on liabilities such that, notwithstanding clearly egregious conduct, a mistake or force majeure event resulting in third-party injury, loss of life, or damage to property be limited to a reasonable maximum dollar figure.

For those that choose to fly on early passenger-carrying spacecraft, individuals should have the right to waive liability provided the risks are fully explained, just as would be done for extreme sports such as skydiving or mountain climbing.

And I’d like to say just a bit about how we see the market for commercial human space flight. The market for satellite delivery, while significant, has limitations in size and application. I suspect the far larger market in the long-term is serving people that wish to travel to space for enjoyment.

There is some skepticism about the market size and dependability. But such skeptics should study the early days of aviation as a guide. For many years before airmail service became the anchor that allowed the growth of commercial aviation, a thriving airplane business was underway around the Nation supporting the desire for an unprecedented adventure, an incredible notion that humans could fly.

Barnstormers satisfied that interest and became the crop of entrepreneurs and pilots from which commercial aviation would be developed. Why do we think that commercial space passenger services will be any different?

If we believe humanity should one day expand to the stars, then people must have some way to see for themselves what space is all about. They must share in its wonders and experience, firsthand, its meaning, and, in so doing, open the doorway to space for all.

Source: Joint Hearing before the Subcommitte on Space and Aeronautics, House of Representatives, and the Subcommittee on Science, Technology, and Space, Senate. July 24, 2003. 108th Congress, 1st Session. Washington, DC: Government Printing Office, 2003, pp. 22–26. Available online at https://www.govinfo.gov/content/pkg/CHRG-108jhrg88501/html/CHRG-108jhrg88501.htm

CONGRESSIONAL HEARING ON LUNAR EXPLORATION (NOVEMBER 6, 2003)

At this hearing, chaired by Senator Sam Brownback, experts from various fields share their vision on the future of lunar exploration. They suggest various uses for the Moon: permanent settlement, a base for telescopic scientific exploration, a source of solar power for Earth, and an opportunity for commercial exploitation. Brownback concludes the hearing with hope for the future; however, much like previous discussions on the topic of a return to the Moon, the hearing would lead nowhere.



Senator Brownback.

We are a space-faring nation, we will be in the future. We need to do it in both manned and unmanned missions. But right now we’re a bit lost in space and not sure of the vision, where we’re going, and we need to reestablish what that vision is and what it’s going to be. And through these hearings, I hope to educate myself, educate some people in Congress, as well. What are the options, what are the costs, what are the risks, and where would we go? I think it’s of vital importance that we do this for our future generations and for ourselves. . . .

The country is at a critical juncture. We must decide, as a nation, what the vision for space exploration should be, which is why we’ve called this hearing today. I want to examine all options before us—missions to the Moon, missions to Mars, the International Space Station, and the Space Shuttle. All of these options are presently before us. What we need to do now is evaluate our options and embrace a vision. . . .

I’d like to welcome back former Senator Jack Schmitt. Not only has Senator Schmitt served this Nation in Congress, he’s also served our Nation as one of the last astronauts to walk on the Moon, during Apollo 17. He’s Chairman of the Interlunar-Intermars Initiative, Incorporated.

Joining him at the table is Dr. David Criswell, Director of the Institute for Space System Operations, in Houston, Texas, along with Dr. Roger Angel, Director of the Center for Astronomical Adaptive Optics, at the University of Arizona, and Dr. Paul Spudis, visiting scientist, with the Lunar and Planetary Institute, in Houston, Texas.

Dr. Schmitt.

. . . A return to Moon to stay, when it occurs, would be at least comparable to the first permanent settlement of America, if not to the movement of our species out of Africa, about 150,000 years ago. A return by Americans to the Moon at least 40 years after the end of the Apollo 17 mission—and I say 40 years, even though it ended only 30 years ago; it’s going to take us at least 10 years to get started again, I’m afraid—would represent a sustainable commitment to this endeavor. And I mean and emphasize “sustainable.”

I must admit to being skeptical that the U.S. Government can be counted on to make such a sustained commitment, absent unanticipated circumstances comparable to those of the late 1950s and the early 1960s. Because of this skepticism, I have spent much of the last decade exploring what it would take for private investors to make such a commitment. At least it is clear that investors will stick with a project if it’s presented to them with a credible business plan, credible execution, and a rate of return commensurate with the risk to invested capital. That, I can predict. I cannot predict what the government’s going to do.

Dr. Angel.

. . . My time has been spent learning how to make large mirrors for ground-based telescopes, and we’re about to put the largest ground telescope in Arizona. I think about the future of very big telescopes, both on the ground and in space, and I recently chaired a meeting supported by the Space Studies Board, looking at the uses for very large optics in space. That meeting involved astronomers, Earth scientists, various government agencies, Defense, and so on, and it was very exciting. A lot of these agencies, for different reasons, are interested in having much larger telescopes in space. If you focus these large telescopes down at the Earth, they give you higher resolution and you can see a bigger piece of the Earth from the geosynchronous orbit. Of course, these larger telescopes let us see further into space, which is very welcome for astronomers.

Although there are many different configurations of telescopes, sometimes more than one mirror, different wavelengths, there was a common interest, across the agencies, in learning how to make very precise optics for large mirrors and in having the infrastructure in space to put these telescopes in different places. And to view the Earth, you need to be in geosynchronous orbit. For astronomy, we’re kind of torn, because being in low-Earth orbit, where we can do easy servicing, like the Hubble, has been enormously advantageous. We believe we won’t be able to make these large telescopes unless we have some of the lessons learned from the Hubble and Space Station, about building big structures in space.

On the other hand, it’s a very strong impetus to have these telescopes far from the Earth, because the Earth radiates heat, telescopes near the Earth are warm. But the farther you can get these telescopes from Earth, the telescopes become very cold, and then there are just wonderful things to do with cold telescopes. . . .

So we have this division. In order to build these things, we need people, robots, some mixture, which we’ll have to work out, but in order to operate them, we need to be far from the Earth.

. . . So then is the question—and I’m sorry it’s taken so long—but what about the Moon, itself, as a place to put telescopes? And in the place where Senator Schmitt went, there probably isn’t a good place for the telescope, because it’s very hot in the day and very cold at night. But there is an interesting place on the Moon, and that’s the very South Pole of the Moon, here.

. . . I hope that NASA planning, up to this point, has been, I think, more focused on going to the free orbiting sites, like where MAP and Webb are, but I hope they will consider telescopes on the Moon. And I think it should be an input where we think where we’re going after Space Station and after Shuttle. What do we need to go? What do we need to do? I hope this will be one of the options that gets looked at very seriously.

Dr. Criswell.

. . . By 2050, approximately 10 billion people will live on Earth, demanding about five times the power now available. By then, solar power from the Moon could provide everyone clean, affordable, and sustainable electric power. No terrestrial options can provide the needed minimum of two kilowatts electric per person, or at least 20 terawatts globally.

Solar power bases will be built on the Moon that collect a small fraction of the Moon’s dependable solar power and convert it into power beams that will dependably deliver lunar solar power to receivers on Earth. On Earth, each power beam will be transformed into electricity and distributed on demand through local electric power grids. Each terrestrial receiver can accept power directly from the Moon or indirectly, via relay satellites, when the receiver cannot view the Moon. The intensity of each power beam is restricted to 20 percent or less of the intensity of noontime sunlight. Each power beam can be safely received, for example, in an industrially zoned area.

Dr. Spudis.

. . . The value of the Moon as a destination has not escaped the notice of other countries. At least four new robotic missions are currently being either flown or prepared by Europe, India, Japan, and China. Advance planning for human missions in many of these countries is already underway.

. . . America needs a challenging, vigorous space program, one with a mission that inspires and enriches. It must relate to important national needs, yet push the boundaries of the possible. It must serve larger national concerns, beyond scientific endeavors. A return to the Moon fulfills these goals. It is a technical challenge to the Nation. It creates security for America by assuring access to and control of our assets in Earth-Moon space. It creates wealth in new markets by producing commodities of high commercial value. It stimulates and inspires the next generation by giving them the chance to experience spaceflight for themselves. A return to the Moon is the right destination for America.

Senator Brownback.

Gentlemen, thank you very much for joining me here today and building this case up for returning to the Moon. I think we’re at an exciting point. We’re at a key moment where things are being reviewed for real possibility and sustainability. I’m very aware of the stop-and-start nature that we’ve been going over the past two decades in space programs, and we can’t afford to do that again. And this has to be a vision that’s sustainable, that’s real, that has buy-in from the American public, that is sufficient to lift the soul. And so that’s why we’re spending this time. Let’s chew through this a step at a time and get to what really is something that can work.

Source: “Lunar Exploration.” Hearing before the Subcommittee on Science, Technology, and Space, U.S. Senate. November 6, 2003. 108th Congress, 1st Session. Washington, DC: Government Printing Office, 2016. Available online at https://www.govinfo.gov/content/pkg/CHRG-108shrg20197/html/CHRG-108shrg20197.htm

PRESIDENT BUSH, VISION FOR SPACE EXPLORATION (JANUARY 14, 2004)

In August 2003, the board investigating the Columbia disaster issued its report, but it would not be until July 2005 before Discovery became the first Shuttle to return to space. In the meantime, President George W. Bush presented his Vision for Space Exploration. As outlined below, the goals were to complete the Space Station, retire the Shuttles, develop a new spacecraft, return to the Moon, and continue on to Mars. In order to accomplish this mission, Bush called on Congress to award a larger budget, which it granted in November 2004. In addition, the 2005 NASA Authorization Act explicitly endorsed the vision, specifically directing a human presence on the Moon.



Today I announce a new plan to explore space and extend a human presence across our solar system. We will begin the effort quickly, using existing programs and personnel. We’ll make steady progress, one mission, one voyage, one landing at a time.

Our first goal is to complete the International Space Station by 2010. We will finish what we have started. We will meet our obligations to our 15 international partners on this project. We will focus our future research aboard the station on the long-term effects of space travel on human biology. The environment of space is hostile to human beings. Radiation and weightlessness pose dangers to human health, and we have much to learn about their long-term effects before human crews can venture through the vast voids of space for months at a time. Research onboard the station and here on Earth will help us better understand and overcome the obstacles that limit exploration. Through these efforts, we will develop the skills and techniques necessary to sustain further space exploration.

To meet this goal, we will return the space shuttle to flight as soon as possible, consistent with safety concerns and the recommendations of the Columbia Accident Investigation Board. The shuttle’s chief purpose over the next several years will be to help finish assembly of the International Space Station. In 2010, the space shuttle, after nearly 30 years of duty, will be retired from service.

Our second goal is to develop and test a new spacecraft, the crew exploration vehicle, by 2008 and to conduct the first manned mission no later than 2014. The crew exploration vehicle will be capable of ferrying astronauts and scientists to the space station after the shuttle is retired. But the main purpose of this spacecraft will be to carry astronauts beyond our orbit to other worlds. This will be the first spacecraft of its kind since the Apollo Command Module.

Our third goal is to return to the moon by 2020, as the launching point for missions beyond. Beginning no later than 2008, we will send a series of robotic missions to the lunar surface to research and prepare for future human exploration. Using the crew exploration vehicle, we will undertake extended human missions to the moon as early as 2015, with the goal of living and working there for increasingly extended periods of time. Eugene Cernan, who is with us today, the last man to set foot on the lunar surface, said this as he left, “We leave as we came, and God willing as we shall return, with peace and hope for all mankind.” America will make those words come true.

Returning to the moon is an important step for our space program. Establishing an extended human presence on the moon could vastly reduce the costs of further space exploration, making possible ever more ambitious missions. Lifting heavy spacecraft and fuel out of the Earth’s gravity is expensive. Spacecraft assembled and provisioned on the moon could escape its far lower gravity using far less energy and thus far less cost. Also, the moon is home to abundant resources. Its soil contains raw materials that might be harvested and processed into rocket fuel or breathable air. We can use our time on the moon to develop and test new approaches and technologies and systems that will allow us to function in other, more challenging environments. The moon is a logical step toward further progress and achievement.

With the experience and knowledge gained on the moon, we will then be ready to take the next steps of space exploration, human missions to Mars and to worlds beyond. Robotic missions will serve as trailblazers, the advanced guard to the unknown. Probes, landers, and other vehicles of this kind continue to prove their worth, sending spectacular images and vast amounts of data back to Earth. Yet the human thirst for knowledge ultimately cannot be satisfied by even the most vivid pictures or the most detailed measurements. We need to see and examine and touch for ourselves. And only human beings are capable of adapting to the inevitable uncertainties posed by space travel.

As our knowledge improves, we’ll develop new power generation propulsion, life support, and other systems that can support more distant travels. We do not know where this journey will end, yet we know this: Human beings are headed into the cosmos.

And along this journey, we’ll make many technological breakthroughs. We don’t know yet what those breakthroughs will be, but we can be certain they’ll come and that our efforts will be repaid many times over. We may discover resources on the moon or Mars that will boggle the imagination, that will test our limits to dream. And the fascination generated by further exploration will inspire our young people to study math and science and engineering and create a new generation of innovators and pioneers.

This will be a great and unifying mission for NASA, and we know that you’ll achieve it. I have directed Administrator O’Keefe to review all of NASA’s current spaceflight and exploration activities and direct them toward the goals I have outlined. . . .

We’ll invite other nations to share the challenges and opportunities of this new era of discovery. The vision I outline today is a journey, not a race, and I call on other nations to join us on this journey in a spirit of cooperation and friendship.

Achieving these goals requires a long-term commitment. NASA’s current 5-year budget is $86 billion. Most of the funding we need for the new endeavors will come from reallocating $11 billion within that budget. We need some new resources, however. I will call upon Congress to increase NASA’s budget by roughly a billion dollars, spread out over the next 5 years. This increase, along with refocusing of our space agency, is a solid beginning to meet the challenges and the goals that we set today. It’s only a beginning. Future funding decisions will be guided by the progress we make in achieving these goals.

We begin this venture knowing that space travel brings great risks. The loss of the Space Shuttle Columbia was less than one year ago. Since the beginning of our space program, America has lost 23 astronauts and one astronaut from an allied nation, men and women who believed in their mission and accepted the dangers. As one family member said, “The legacy of Columbia must carry on—for the benefit of our children and yours.” Columbia’s crew did not turn away from the challenge, and neither will we.

Mankind is drawn to the heavens for the same reason we were once drawn into unknown lands and across the open sea. We choose to explore space because doing so improves our lives and lifts our national spirit. So let us continue the journey.

Source: Public Papers of the Presidents of the United States. George W. Bush, 2004, Book 1. Washington, DC: Government Printing Office, 2007, pp. 56–59.

BUILDING A ROBUST SPACE INDUSTRY (JUNE 2004)

In response to an executive order from President George W. Bush, the President’s Commission on Implementation of United States Space Exploration Policy, also known as the Aldridge Report, suggested ways to support the burgeoning commercial space industry. They suggested that incentives, such as prizes, tax relief, property and technology transfer rights, and decreased regulation, would be the best way to build a true space industry.



The vision for space exploration offers the nation and the world a chance to redefine the paradigm of space flight. Our goal is to transform space exploration from a small, experimental research program, largely performed under the auspices of government into a fully integrated sector of American life, involving government, commercial, educational, and industrial players.

Although an aerospace industry already exists and provides commercial launch services worldwide, its principal business currently consists mostly of corporate entities that perform contract work for various government agencies. The Commission uses the term space industry to refer to something much broader—a true space industry would consist of a variety of contributors, each vigorously pursuing their own diverse agendas, not tied to or dependent upon government contracts, but not excluding those activities either. Achieving such a state requires the breaking down of barriers to commercial and entrepreneurial activities in space, as well as a cultural shift towards encouraging and incentivizing more private sector business in space. Such a change in both perspective and posture is essential if we are to develop a broad-based, societal change in space business.



A. Technology Transfer

In addition to the innovation directly produced by NASA and the government, many innovative technologies are developed annually by American businesses. Many of these breakthroughs occur in fields unrelated to space, yet potentially have direct application to many aspects of, and problems attendant to, space flight. To be certain that we are always taking advantage of the best possible technology in a task as arduous as space exploration, we must find mechanisms to assure that good technical ideas that spring from outside the government find their way into the architectures and systems of the new space vision. If the vision for exploration is to succeed in an affordable, credible, and sustainable way, it must access as much of this private sector technology as possible.

We suggest that NASA examine the creation of an organization drawing upon lessons learned from the Central Intelligence Agency’s In-Q-Tel. This company searched the private sector widely, looking for useful technologies that might have important national security applications. The Commission concludes that such an entity within NASA would be extremely useful in addressing the more demanding needs of some enabling technologies. In addition, such an organization can be the incubator of cutting-edge technologies and concepts that may not yet have known applications.



B. Encouraging Commercial Activities

Although many companies exist and more are emerging in the field of space, an increase in both the number and variety of such businesses would vastly increase the processes and materials available for space exploration. The private sector will continue to push the envelope to succeed competitively in the space field. It is the stated policy of the act creating and enabling NASA that it encourage and nurture private sector space. The Commission heard testimony on both positive incentives and potential bottlenecks encountered by the private sector as they attempt to exploit these commercial opportunities.

A space industry capable of contributing to economic growth, producing new products through the creation of new knowledge and leading the world in invention and innovation, will be a national treasure. Such an industry will rely upon proven players with aerospace capabilities, but increasingly should encourage entrepreneurial activity.

Prizes. The Commission heard testimony from a variety of sources commenting on the value of prizes for the achievement of technology breakthroughs. Examples of the success of such an approach include the Orteig Prize, collected by Charles Lindbergh for his solo flight to Europe, and the current X-Prize for human suborbital flight. It is estimated that over $400 million has been invested in developing technology by the X-Prize competitors that will vie for a $10 million prize—a 40 to 1 payoff for technology.

The Commission strongly supports the Centennial Challenge program recently established by NASA. This program provides up to $50 million in any given fiscal year for the payment of cash prizes for advancement of space or aeronautical technologies, with no single prize in excess of $10 million without the approval of the NASA Administrator. The focus of cash prizes should be on maturing the enabling technologies associated with the vision. NASA should expand its Centennial prize program to encourage entrepreneurs and risk-takers to undertake major space missions.

Given the complexity and challenges of the new vision, the Commission suggests that a more substantial prize might be appropriate to accelerate the development of enabling technologies. As an example of a particularly challenging prize concept, $100 million to $1 billion could be offered to the first organization to place humans on the Moon and sustain them for a fixed period before they return to Earth. The Commission suggests that more substantial prize programs be considered and, if found appropriate, NASA should work with the Congress to develop how the funding for such a prize would be provided.

Tax Incentives. A time-honored way for government to encourage desired behavior is through the creation of incentives in the tax laws. In this case, an increase in private sector involvement in space can be stimulated through the provision of tax incentives to companies that desire to invest in space or space technology. As an example, the tax law could be changed to make profits from space investment tax free until they reach some pre-determined multiple (e.g., five times) of the original amount of the investment. A historical precedent to such an effort was the use of federal airmail subsidies to help create a private airline industry before World War II. In a like manner, corporate taxes could be credited or expenses deducted for the creation of a private space transportation system, each tax incentive keyed to a specific technical milestone. Creation of tax incentives can potentially create large amounts of investment and hence, technical progress, all at very little expense or risk to the government.

Regulatory Relief. Government regulation of the nascent private sector space industry is ongoing and will be necessary in the future, but it is important to ensure that this industry not become overregulated. A key issue in the private space flight business is liability. There is a pressing need for a change in liability laws to set a reasonable standard for implied consent. People throughout society do dangerous things for fun and profit; it is not reasonable to impose governmental risk standards on people who are willing and eager to undertake dangerous or hazardous activities. In addition, numerous laws covering occupational safety and environmental concerns should be reviewed carefully to make sure that the government is not burdening new space industry unduly with irrelevant or unobtainable compliance requirements.

Property Rights in Space. The United States is signatory to many international treaties, some of which address aspects of property ownership in space. The most relevant treaty is the 1967 UN Treaty on the Peaceful Uses of Outer Space (the “Space Treaty”), which prohibits claims of national sovereignty on any extraterrestrial body. Additionally, the so-called “Moon Treaty” of 1979 prohibits any private ownership of the Moon or any parts of it. The United States is a signatory to the 1967 Space Treaty; it has not ratified the 1979 Moon Treaty, but at the same time, has not challenged its basic premises or assumptions.

Because of this treaty regime, the legal status of a hypothetical private company engaged in making products from space resources is uncertain. Potentially, this uncertainty could strangle a nascent space-based industry in its cradle; no company will invest millions of dollars in developing a product to which their legal claim is uncertain. The issue of private property rights in space is a complex one involving national and international legal issues. However, it is imperative that these issues be recognized and addressed at an early stage in the implementation of the vision, otherwise there will be little significant private sector activity associated with the development of space resources, one of our key goals.



C. International Participation

The United States space program has been international since its origins. Starting with the establishment of global ground-tracking stations through the flight of foreign experiments on space science missions, international participation has been thriving. The Apollo/Soyuz was one of the first high-profile international ventures in human space flight, there are international participants on our robotic missions, and we have non-U.S. crew members on the Space Shuttle and the International Space Station (ISS). Such efforts will continue. What additional international arrangements should we undertake specifically oriented toward the vision?

The vision provides the opportunity for significant participation by international partners. They bring resources and expertise, government-to-government commitments contribute to stability and sustainability, and partnerships contribute to constructive dialog between nations. It is hard to envision a national space program based on exploration solely by the United States or any future human spaceflight mission that would be flown only by Americans.

The Commission heard testimony from potential international partners indicating that they want to participate in the accomplishment of the vision but they are uncertain about the most effective means to do so. They noted, however, that continued American participation in the ISS is important to determining future international participation beyond. ISS is the first step in human exploration, but to reach its full potential the crew size must be expanded beyond current levels.

How our international partners will participate in the vision will depend on the specifics of the architecture that will be established by the United States and the value potential partners bring to the elements of the mission. Prior to entering into government-to-government agreements, the United States must first determine its own requirements, expectations, milestones, and risks. It must also determine what part of its national industrial base it must protect and what technologies it is prepared to transfer to the international partners.

After establishing the vision architecture and determining what the United States is willing to cede, the Commission suggests two possible approaches for international participation:



•Participants bring their own independently operated, but goal-associated, missions as contributions to a subset of mission goals (e.g., a robotic mission that satisfies some of the knowledge or operational goals of a particular architecture).

•Participants provide components to an integrated mission that are competed or provided on a “best value” basis and selected by a lead systems integrator, taking into account cost, schedule, and performance risk.



The Department of Defense’s Joint Strike Fighter (JSF) program offers a possible model for international cooperation. The benefits from this cooperation include synergy, financial support, economies of scale, and goodwill generated from the cooperating partners. The program developed an approach that effectively accommodated the interests of the Department of Defense and the JSF program, U.S. industry and the program contractors and sub-contractors, and foreign partners. Early buy-in by foreign governments to encourage full participation throughout the program’s development and production stages was essential. The JSF international strategy was well coordinated within the U.S. government, gaining full support from other agencies and the Congress before implementation. The JSF management approach allowed foreign partners to influence the development and production process to varying degrees based on the extent of their investment, but control of key decisions remained with program authorities in the United States.

Source: A Journey to Inspire, Innovate, and Discover: Report of the President’s Commission on Implementation of United States Space Exploration Policy. June 2004, pp. 31–35. Available online at history.nasa.gov/aldridge_commission_report_june2004.pdf

FUTURE MARKETS FOR COMMERCIAL SPACE (APRIL 20, 2005)

With the passing of the Commercial Space Launch Amendments Act of 2004, the U.S. government made commercial human space flight possible. Now the question became, what would it take to make it real? In this hearing, the Subcommittee on Space and Aeronautics of the House of Representatives and industry leaders explored some of the issues involved. The full discussion reviewed, among other topics, regulatory and approval processes, safety concerns, access to space, and technology transfer issues. The summary below was their starting point.



Overarching Questions:

The Committee will focus on the following questions at the hearing:



1. What is the outlook for the various aspects of the commercial space industry over the next five to ten years?

2. What should the government do or not do to encourage the nascent commercial space industry?

3. How can the commercial space industry avoid some of the pitfalls that have led to unrealized expectations in the past?



Background:

The Rise of Commercial Space Industry and the Role of Legislation

From the dawn of the space age through much of the 1980s, governments dominated efforts in space. Governments financed and owned most satellites, which were launched on government-owned vehicles, including the Space Shuttle.

The Challenger accident in 1986, however, helped spur private sector ownership of both satellites and launch vehicles. After the Challenger accident, for example, government agencies, particularly the Department of Defense, viewed the Space Shuttle as too risky to be the sole launch vehicle for U.S. Government payloads and began looking for alternatives.

The Science Committee passed the Commercial Space Launch Act (CSLA) of 1988, which required NASA to purchase launch services for satellites from private companies rather than purchasing the launch vehicle itself. The CSLA ensured a market for the nascent launch industry by requiring the government to be a customer.

The CSLA also provided another element intended to foster the success of the new industry—indemnification against catastrophic accidents. Because a single launch failure had the potential of causing billions of dollars of damage should the debris fall on populated areas, the private sector argued that no private insurance company would offer coverage to a satellite company or launch provider unless the government agreed to indemnify (that is, pay for) at least a portion of the potential damages.

The CSLA indemnifies companies for catastrophic losses—losses above the amount of damages that private insurers calculate to be the maximum probable loss (for which private insurers themselves provide coverage) to a ceiling of $1.5 billion. While there is debate over whether indemnification is necessary as the satellite launch industry matures, Congress last year, led by the Science Committee, extended the indemnification provisions of the CSLA through December 31, 2009.

The CSLA also established a permitting process within the Office of Commercial Space Transportation (known as AST), now housed within the Federal Aviation Administration (FAA), for all private commercial launches.

Last year, as SpaceShipOne became the first privately funded, developed, and operated spacecraft to carry a person into sub-orbital space, the Science Committee passed legislation designed to foster a commercial space tourism industry. The Commercial Space Launch Amendments Act of 2004 gave AST explicit authority to permit launches with humans on board and provided guidance on how to use that authority. One key provision created a new kind of permit that would facilitate flights by experimental vehicles, modeled on the regime another part of FAA uses to regulate airplanes. (That part of FAA is known as AVR.) Another key provision limited the extent to which AST could regulate passenger safety in the near-term.

The Challenges Faced by Commercial Space Industries

Commercial space industries today include communication satellite developers (including radio, television, and telecommunications), launch service providers (whose customers include the government), satellite imagery companies, and perhaps soon, space tourism companies like Virgin Galactic and companies servicing the International Space Station.

One of the first challenges these companies face is securing financing. Space assets are expensive, and launching into space is fraught with risk. One or two launch failures can drive a company into bankruptcy. Finding investors is thus very difficult for new entrants in the space business, who frequently must court risk-seeking, “angel investors” rather than relying on more established financing firms.

Space industries must also secure insurance. But there are limits to the private pool of insurance available, which can pose a challenge to newcomers to the space business, who necessarily lack a track record to demonstrate their reliability to insurers. Moreover, costly failures in one portion of the space industry can affect the availability of insurance for the rest.

Perhaps the greatest challenge commercial space industries face is capturing a market large enough to sustain them. Unfortunately, their history of success in doing so has been spotty. The commercial satellite imagery or remote sensing industry has failed to develop as originally expected. But satellite radio seems to be gaining in popularity despite the abundance of free competition on more traditional airwaves.

Still, markets can be elusive. For example, optimism for communications satellite manufacturers ran high in the 1990s when markets opened in China and the former Soviet states, where there was little permanent communications infrastructure. Three U.S. companies raced to take advantage of the seemingly boundless opportunities. Iridium, a Motorola spinoff based in Chicago, was the first company in the race. It launched 66 communications satellites into orbit. Next was Globalstar, which had planned to launch 48 satellites.

But the ground-based cell phone industry was quicker. Its penetration into the former Soviet and Chinese markets soon rendered Iridium’s and Globalstar’s investments practically useless. Iridum’s assets were ultimately sold to a group of private investors, which continue to own and operate Iridium today. (The Department of Defense continued to use Iridium throughout the change in ownership.) A third company, Teldesic, had planned to launch 288 satellites, but could not attract enough investors after the failure of Iridium and Globalstar.

As satellite producers saw their fortunes fade so did those companies who had hoped to put those satellites into orbit. Lockheed Martin and McDonnell Douglas had earlier invested large sums, aided by the government, to develop a new generation of launch vehicles. Boeing launches Sea Launch and the Delta series of rockets (obtained when Boeing took over McDonnell Douglas), and Lockheed launches the Atlas series of rockets. The Europeans have a competing Ariane rocket.

Unlike the Space Shuttle, these rockets are used only once, so they are known as Expendable Launch Vehicles (ELVs). The most advanced of the Atlas and Delta class vehicles, developed with the U.S. Air Force, are known as Evolved Expendable Launch Vehicles (EELVs). Elon Musk is developing a series of rockets dubbed Falcon, which he believes will launch at a significantly lower cost.

With the decline of the satellite industry, the rocket manufacturers were left with too few customers to easily recoup their costs. That has raised the cost of launches to the government. The recently released White House Space Transportation Policy is designed to find a way to provide enough business to keep two competing U.S. entities in the launch market. NASA’s pending decisions on how to launch its scientific satellites and on how to launch the planned Crew Exploration Vehicle would affect the market.

Source: “Future Markets for Commercial Space.” Hearing before the Subcommittee on Space and Aeronautics, House of Representatives. April 20, 2005. 109th Congress, 1st session. Washington, DC: Government Printing Office, 2005. Available online at https://www.govinfo.gov/content/pkg/CHRG-109hhrg20541/html/CHRG-109hhrg20541.htm

GAO REPORT ON COMMERCIAL SPACE LAUNCHES (OCTOBER 20, 2006)

As early as 1984, the Department of Transportation had been designated as the lead agency to manage commercial launches. While this originally meant private launches of amateur rockets, experimental reusable rockets, and commercial satellites, as the space tourism industry grew, so did the possibilities. In 2004, SpaceShipOne, an experimental aircraft, completed the first private spaceflight, and several other companies were exploring the possibilities. In October 2006, the General Accounting Office published this report on how the Federal Aviation Administration should monitor and plan for the space tourism industry.



In 2004, the successful launches of SpaceShipOne raised the possibility of an emerging U.S. commercial space tourism industry that would make human space travel available to the public. The Federal Aviation Administration (FAA), which has responsibility for safety and industry promotion, licenses operations of commercial space launches and launch sites. To allow the industry to grow, Congress prohibited FAA from regulating crew and passenger safety before 2012, except in response to high-risk events. GAO evaluated FAA’s (1) safety oversight of commercial space launches, (2) response to emerging issues, and (3) challenges in regulating and promoting space tourism and responding to competitive issues affecting the industry. GAO reviewed FAA’s applicable safety oversight processes and interviewed federal and industry officials.



What GAO Recommends

If DOT’s commissioned report on dual safety and promotion roles does not fully address the potential for a conflict of interest, GAO suggests that Congress revisit FAA’s promotional role and decide whether it should be eliminated. GAO recommends that FAA assess its future safety oversight resource needs and identify the circumstances that would trigger passenger safety regulation before 2012. Relevant federal agencies reviewed the draft and DOT agreed with the recommendations.

Several measures indicate that FAA has provided a reasonable level of safety oversight for commercial launches. For example, none of the 179 commercial launches that FAA licensed over the past 17 years resulted in fatalities, serious injuries, or significant property damage. However, FAA shared safety oversight with the Department of Defense (DOD) for most of these launches because they took place at federal launch sites operated by DOD. In addition, FAA’s licensing activities incorporate a system safety process, which GAO recognizes as effective in identifying and mitigating risks. GAO’s analysis of FAA records indicates that the agency is appropriately applying management controls in its licensing activities, thereby helping to ensure that the licensees meet FAA’s safety requirements.

In response to emerging issues in the commercial space launch industry, such as the potential development of space tourism, FAA has developed safety regulations and training for agency employees. The industry has raised concerns about the costs of complying with regulations and about the flexibility of the regulations to accommodate launch differences. However, FAA believes it has minimized compliance costs by basing its regulations on common safety standards and has allowed for flexibility by taking a case-by-case approach to licensing and by providing waivers in certain circumstances.

FAA faces several challenges and competitive issues in regulating and promoting space tourism. For example, FAA expects to need more experienced staff for safety oversight as new technologies for space tourism evolve, but has not estimated its future resource needs. Other challenges for FAA include determining the specific circumstances under which it would regulate space flight crew and passenger safety before 2012 and balancing its responsibilities for safety and promotion to avoid conflicts. Recognizing the potential conflict in the oversight of commercial space launches, Congress required the Department of Transportation (DOT) to commission a report by December 2008 on several issues, including whether the promotion of human space flight should be separate from the regulation of such activity. In addition, U.S. commercial space launch industry representatives said that they face competitive issues concerning high launch costs and export controls that can affect their ability to sell services overseas. The federal government has provided support to the industry to help lower launch costs.

Source: Commercial Space Launches: FAA Needs Continued Planning and Monitoring to Oversee the Safety of the Emerging Space Tourism Industry. GAO-07-16. Washington, DC: Government Printing Office, 2006. Available online at https://www.govinfo.gov/content/pkg/GAOREPORTS-GAO-07-16/html/GAOREPORTS-GAO-07-16.htm

HEARING ON THE WORKFORCE AT KENNEDY SPACE CENTER (JUNE 23, 2008)

In 2008, the United States, and the world, was heading into a recession. Yet again, NASA’s budget was on the line. In addition, with the Space Shuttle program starting to wind down but its replacements not up to speed, NASA was paying Russia for seats on Soyuz to send its astronauts to the International Space Station. In the face of those issues, the Kennedy Space Center was facing lay-offs. NASA Administrator Michael Griffin, who had been appointed in April 2005, appeared before Congress to report on the effects those layoffs might have on the space program.



What we are trying to do today is to get a better understanding of the workforce challenges that we’re going to be facing, and how we identify solutions to those challenges. I know we’re going to look today at the Kennedy Center. These cuts are going throughout, and it’s an enormous time of not only unrest, and uncertainty, for folks because of their livelihood and their jobs, but it’s a very important transition on our ability to have access to space.

Naturally, the fact that we’re going to be laying off people here so that we can hire Russians to build Soviet spacecraft, so the U.S. Government can spend hundreds of millions of dollars buying rides to the International Space Station, a $100 billion investment, $75 billion of which is the United States investment, is of concern to people. . . .

We’re concerned about losing the skills, the knowledge, the corporate memory, of all of these contracted partners. We learned a lot of lessons, when we stepped down after Apollo. Huge layoffs, a lot of lost corporate memory that took us a long time to work our way back to.

Statement of Hon. Michael D. Griffin, Administrator,

National Aeronautics and Space Administration

 . . . It is a difficult time. It is important to remind ourselves why it is also necessary.

Admiral Gehman’s observation in the wake of the Columbia accident holds as true today as it did then, quoting, “because of the risk inherent in the original design of the Shuttle, because that design was based, in many aspects, on now obsolete technologies, and because the Shuttle is now an aging system, but still developmental in character, it is in the Nation’s interest to replace the Shuttle as soon as possible as the primary means for transporting humans to and from Earth orbit.”

We must not forget the, or the many other hard lessons of that tragedy. We’ve made great progress in 5 years. With enormous difficulty, we returned the Shuttle to flight, and we’re flying well. We’re successfully assembling the Space Station. We must maintain this sense of tenacity and purpose in the conduct of the remaining Shuttle flights. We must not allow our resolute sense of purpose—so fresh after the accident—to fade with time. We must avoid distractions.

Now, above all else, we need clear communications. Many stories were published the spring following our initial workforce transition report to Congress. Preliminary estimates of 6,400 job losses at KSC were reported out of context, without the qualifying information that we offered about the many contracts yet to be awarded, or the funds budgeted for future work at KSC.

As I offered in earlier testimony, I continue to believe that we are facing an actual reduction of three to four thousand workers at KSC. We’re working every day to reduce even less, but there’s no simple solution within the resources provided. There is no silver bullet.

Now most of those who work in the space business do so for reasons beyond money, but still they have families to support. And to that end, we’ve identified retention incentives for certain critically skilled Space Shuttle operations personnel.

We will issue a Request for Proposals early next year for ground operations processing in KSC. After this fall’s Hubble Servicing Mission, we will begin mods to Pad 39B to prepare for a series of Ares I flight tests, beginning in 2009. And KSC will be the lead center for the disposition of Shuttle assets, after we retire that system.

Because the Orion and Ares-I systems are much simpler and safer than the Space Shuttle, we will not need nearly as many people for KSC launch operations. Thus, our hope is that many engineers and technicians will transition to the assembly and integration of the Ares V heavy lifter, and the Altair Moon lander.

We’re taking steps to work with Federal, State and local agencies on necessary retraining. But I must be perfectly clear—the single pacing item for maintaining a cohesive workforce while bringing new systems online is the funding provided by the Congress each year, and the budget projected for the agency over the next several years.

Our plain contract awards and our pace of work, are contingent upon programmatic and funding stability.

So, while I sincerely thank both of you for your support for NASA over the years, it remains true that the actual budget received for these systems has eroded significantly, compared to that which we were promised 5 years ago.

Again, Columbia Accident Investigation Board offers a crucial perspective, “This approach can only be successful if it is sustained over the decade, if by the time the decision to develop a new vehicle is made, there is a clear idea of how the new transportation system fits into the Nation’s overall plans for space, and if the U.S. Government is willing at the time a deployment development decision is made, to commit the substantial resources required to implement it.”

Thus, I cannot guarantee that the Orion crew vehicle will be available sooner than 2015, although we will certainly try. Nor can we afford to start an additional procurement for commercial crew transport development within our existing exploration systems budget.

With the $500 million allocated already to the COTS program, our first priority is to develop an affordable, commercial cargo capability for our assets logistics.

So, the United States will continue to be reliant upon the Russian Soyuz system for ISS crew transport and crew rescue, something I find to be unseemly in the extreme. However, I can’t find a way to avoid it.

While I do not relish the idea of Senator Nelson and Senator Martinez—as you’ve said—of American taxpayers paying Russian engineers, I’m nonetheless glad that the Russians are our partners on Space Station, because without them, the International Space Station would be in jeopardy.

We’ll need the help of Congress—specifically, the Foreign Relations Committee—to allow NASA to continue to make such purchases from Russia, after 2011. We need that help this fall, in order to have adequate time to negotiate contracts for production.

Finally, Chairman Nelson, Senator Martinez, I thank you for your leadership and support for NASA. Our budget—less than six-tenths of a percent of the Federal budget, about 15 cents a day for the average person—leverages a much broader range of American leadership around the world than its mere size would lead many to believe. To preserve that leadership, we must stay the course, we must remain focused upon the challenges ahead.

Source: Preparing for the Workforce Transition at Kennedy Space Center. Hearing before the Subcommittee on Space, Aeronautics, and Related Sciences, U.S. Senate. 110th Congress, 2nd Session, June 23, 2008. Washington, DC: Government Printing Office, 2012. Available online at https://www.govinfo.gov/content/pkg/CHRG-110shrg77459/html/CHRG-110shrg77459.htm

THE AUGUSTINE SUMMARY REPORT (SEPTEMBER 2009)

In May 2009, the Office of Science and Technology Policy requested a report on human spaceflight plans after the end of the Space Shuttle program. It was led by Norman Augustine, who had been a businessman in the aerospace industry but also served as a presidential science advisor. The goal of the report was to examine ongoing and planned NASA initiatives to see if they could be continued after the era of the Shuttle.



The U.S. human spaceflight program appears to be on an unsustainable trajectory. It is perpetuating the perilous practice of pursuing goals that do not match allocated resources. Space operations are among the most complex and unforgiving pursuits ever undertaken by humans. It really is rocket science. Space operations become all the more difficult when means do not match aspirations. Such is the case today.

The nation is facing important decisions on the future of human spaceflight. Will we leave the close proximity of low-Earth orbit, where astronauts have circled since 1972, and explore the solar system, charting a path for the eventual expansion of human civilization into space? If so, how will we ensure that our exploration delivers the greatest benefit to the nation? Can we explore with reasonable assurances of human safety? And, can the nation marshal the resources to embark on the mission?

Whatever space program is ultimately selected, it must be matched with the resources needed for its execution. How can we marshal the necessary resources? There are actually more options available today than in 1961 when President Kennedy challenged NASA and the nation to “land a man on the Moon by the end of the decade.”

First, space exploration has become a global enterprise. Many nations have aspirations in space, and the combined annual budgets of their space programs are comparable to NASA’s. If the United States is willing to lead a global program of exploration, sharing both the burden and benefit of space exploration in a meaningful way, significant benefits could follow. Actively engaging international partners in a manner adapted to today’s multi-polar world could strengthen geopolitical relationships, leverage global resources, and enhance the exploration enterprise.

Second, there is now a burgeoning commercial space industry. If we craft the space architecture to provide opportunities to this industry, there is the potential—not without risk—that the costs to the government would be reduced. Finally, we are also more experienced than in 1961, and able to build on that experience as we design an exploration program. If, after designing cleverly, building alliances with partners, and engaging commercial providers, the nation cannot afford to fund the effort to pursue the goals it would like to embrace, it should accept the disappointment of setting lesser goals.

Can we explore with reasonable assurances of human safety? Human space travel has many benefits, but it is an inherently dangerous endeavor. Human safety can never be absolutely assured, but throughout this report, it is treated as a sine qua non. It is not discussed in extensive detail because any concepts falling short in human safety have simply been eliminated from consideration.

How will we explore to deliver the greatest benefit to the nation? Planning for a human spaceflight program should begin with a choice about its goals—rather than a choice of possible destinations. Destinations should derive from goals, and alternative architectures may be weighed against those goals. There is now a strong consensus in the United States that the next step in human spaceflight is to travel beyond low-Earth orbit. This should carry important benefits to important national capabilities; and contributing to our expertise in further exploration. Human exploration can contribute appropriately to the expansion of scientific knowledge, particularly in areas such as field geology, and it is in the interest of both science and human spaceflight that a credible and well-rationalized strategy of coordination between them be developed. Crucially, human spaceflight objectives should broadly align with key national objectives.

These more tangible benefits exist within a larger context. Exploration provides an opportunity to demonstrate space leadership while deeply engaging international partners; to inspire the next generation of scientists and engineers; and to shape human perceptions of our place in the universe. The Committee concluded that the ultimate goal of human exploration is to chart a path for human expansion into the solar system. This is an ambitious goal, but one worthy of U.S. leadership in concert with a broad range of international partners. . . .



SUMMARY OF KEY FINDINGS

The Committee summarizes its key findings below. Additional findings are included in the body of the report.

The right mission and the right size: NASA’s budget should match its mission and goals. Further, NASA should be given the ability to shape its organization and infrastructure accordingly, while maintaining facilities deemed to be of national importance.

International partnerships: The U.S. can lead a bold new international effort in the human exploration of space. If international partners are actively engaged, including on the “critical path” to success, there could be substantial benefits to foreign relations, and more resources overall could become available.

Short-term Space Shuttle planning: The current Shuttle manifest should be flown in a safe and prudent manner. The current manifest will likely extend to the second quarter of FY 2011. It is important to budget for this likelihood.

The human-spaceflight gap: Under current conditions, the gap in U.S. ability to launch astronauts into space will stretch to at least seven years. The Committee did not identify any credible approach employing new capabilities that could shorten the gap to less than six years. The only way to significantly close the gap is to extend the life of the Shuttle Program.

Extending the International Space Station: The return on investment to both the United States and our international partners would be significantly enhanced by an extension of ISS life. Not to extend its operation would significantly impair U.S. ability to develop and lead future international spaceflight partnerships.

Heavy-lift: A heavy-lift launch capability to low-Earth orbit, combined with the ability to inject heavy payloads away from the Earth, is beneficial to exploration, and it also will be useful to the national security space and scientific communities. The Committee reviewed: the Ares family of launchers; more directly Shuttle-derived vehicles; and launchers derived from the EELV family. Each approach has advantages and disadvantages, trading capability, lifecycle costs, operational complexity and the “way of doing business” within the program and NASA.

Commercial crew launch to low-Earth orbit: Commercial services to deliver crew to low-Earth orbit are within reach. While this presents some risk, it could provide an earlier capability at lower initial and lifecycle costs than government could achieve. A new competition with adequate incentives should be open to all U.S. aerospace companies. This would allow NASA to focus on more challenging roles, including human exploration beyond low-Earth orbit, based on the continued development of the current or modified Orion spacecraft.

Technology development for exploration and commercial space: Investment in a well-designed and adequately funded space technology program is critical to enable progress in exploration. Exploration strategies can proceed more readily and economically if the requisite technology has been developed in advance. This investment will also benefit robotic exploration, the U.S. commercial space industry and other U.S. government users.

Pathways to Mars: Mars is the ultimate destination for human exploration; but it is not the best first destination. Both visiting the Moon First and following the Flexible Path are viable exploration strategies. The two are not necessarily mutually exclusive; before traveling to Mars, we might be well served to both extend our presence in free space and gain experience working on the lunar surface.

Options for the Human Spaceflight Program: The Committee developed five alternatives for the Human Spaceflight Program. It found:



•Human exploration beyond low-Earth orbit is not viable under the FY 2010 budget guideline.

•Meaningful human exploration is possible under a less constrained budget, ramping to approximately $3 billion per year above the FY 2010 guidance in total resources.

•Funding at the increased level would allow either an exploration program to explore Moon First or one that follows a Flexible Path of exploration. Either could produce results in a reasonable timeframe.

Source: Review of U.S. Human Space Flight Plans Committee. Summary Report. September 8, 2009. NASA History Office. Available online at history.nasa.gov/AugustineCommsummary.pdf

HEARING ON COMMERCIAL SPACE TRANSPORTATION (DECEMBER 2, 2009)

At this hearing before the Subcommittee on Aviation of the House of Representatives, witnesses from governmental offices and private industry testified on the evolution of the commercial space industry in the twenty-first century. It was no longer a question if commercial space transportation would happen; with the end of the Shuttle program in view, it was a question of when. The witnesses discussed licensing, safety, and policy issues.



Now the Chair will introduce the witnesses here today to testify. The first witness will be Dr. George Nield, the Associate Administrator for the Office of Commercial Space Transportation with the FAA; Dr. Gerald Dillingham, Director, Physical Infrastructure Issues, with the U.S. Government Accountability Office, who has testified before this Subcommittee probably more times than he would like to, but he has been with us many times; Mr. J.P. Stevens is the Vice President, Space Systems, Aerospace Industries Association of America; Mr. Jeffrey Greason, CEO, XCOR Aerospace and Vice Chairman, Commercial Spaceflight Federation; and Mr. James Testwuide, who is the Chairman of The Great Lakes Aerospace Science and Education Center, and he will be testifying on behalf of the Wisconsin Aerospace Authority; and he is accompanied, but I understand will not offer testimony, but may be here to answer questions, if we have questions, by Mr. Mark Hanna, who is the Vice Chair of the Wisconsin Aerospace Authority. . . .

Dr. Nield, we will start with you. Let me ask you. As you know, our Subcommittee usually deals with certification of aircraft, and since commercial space transportation is not certified, but it is licensed, can you walk us through the process of the licensing process with the FAA?

Mr. Nield. Certainly. The launch licensing process actually involves five separate reviews. We conduct a policy review to ensure that the intended activity is consistent with our national policy and foreign policy objectives; we look at the payload involved to ensure that there is nothing unusual or inappropriate concerning the purpose of the launch. Of course, the most important review is the safety review, where we are looking at possible hazards involved and how they can be mitigated.

We also conduct an environmental review in compliance with NEPA, the National Environmental Policy Act. There is, finally, a financial responsibility review, which involves the analysis of the maximum probable loss—not the worst case, but the most likely bad day during a launch, and that information is used by us to establish the insurance requirements for the launch operators.

So with those reviews complete, that allows us to make a determination on the issuance of a launch license. We have 180 days, through our statute, in order to come up with that determination.

Mr. Costello. Thank you.

Mr. Greason, would you like to comment as to your experience in dealing with the licensing process?

Mr. Greason. I think I would characterize it as we and the FAA together, both us as an operator and us in the industry, are still working out together exactly how to handle these new class of vehicles. Every new vehicle right now, of the reusable category, that comes to the FAA is essentially the first of its kind, because we don’t have standardization in the industry at about how we are going to approach these problems.

Given that, it is a collaborative process and it takes time. But I also think it is a value-added process; it is very—any honest engineer appreciates having someone knowledgeable looking over their shoulder and asking tough question, so it is a challenging process sometimes to get through, but I think it is a worthwhile one.

Mr. Costello. Thank you.

Dr. Dillingham, you state in your testimony that the FAA needs to develop safety indicators and collect data to help determine when to begin regulating crew and passenger safety. I wonder if you might elaborate on that.

Mr. Dillingham. Thank you, Mr. Chairman. As was mentioned by some of the witnesses, and also as a result of the legislation that said FAA shouldn’t start to regulate until after 2012, the points that we wanted to make is that due to the relatively low activity in the industry, FAA has not been able to actually do the kind of collection of safety data that it has done or has done in the aviation area.

The point that we wanted to make was that FAA should continue to be proactive in this area, doing the things that it is currently doing like taking lessons learned and sharing information. Those are some preliminary steps that they can continue to take. But as soon as is feasible, when the experience base is there, they should in fact be collecting safety indicators so that they can be proactive in developing needed regulations, as opposed to reactive.

Mr. Costello. Thank you.

Mr. Stevens, you indicate in your testimony that there are issues that the FAA obviously needs to look at surrounding integrated commercial spaceflight into the air traffic control system. I wonder if you might elaborate on some of those issues.

Mr. Stevens. Well, I think I would add to what I said in my testimony by saying that it is a complex issue and, as we look at NextGen moving forward, we need to take into account all those issues and, as we develop that policy, make sure they are incorporated into it.

Mr. Costello. Mr. Greason or Mr. Testwuide, any specifics that you would like to add?

Mr. Testwuide. I would like to amplify and extend some of the things that Mr. Dillingham was saying about the need for tracking safety indicators. I think it is a misconception of the state of the current Act, the Commercial Space Launch Amendments Act, that the FAA is currently constrained from regulating. Instead, they are constrained only to regulate for the safety of the participants where there is data, in the sense of a series of incidents or an accident, that shows that there is a problem that needs regulating.

And I, wearing my hat as a member of the industry trade association, couldn’t be more in favor of that. In fact, if anything, I completely agree we need to work together very hard to make sure that we have as much advanced data as possible so that we can spot trends and take action, whatever action might be, as early as we can; and that is a collaborative thing between us and the FAA.

Mr. Greason. And I would just like to reiterate what Mr. Stevens said about education and encouraging our youth. I firmly believe that the space program had a very large bias in creating a large number of engineers 20, 30 years ago, and I think if we can engage the youth today in our further exploration of space, we can reinvigorate the education on the stem situation and get our Country back in a more engineering and scientific methodology in education.

Mr. Costello. Dr. Nield, the senior FAA officials in the past have predicted that commercial airspace transportation, the industry, will expand not 200 to 300 annual launches. Not only a question for you, but a question for others on the panel, if you would like to answer it. How soon do you think that we would begin to see increases and reach the level of 200 launches a year?

Mr. Nield. Well, that is an excellent question. Of course, it is hard to predict the future, but as I look at the kinds of activities that we are likely to see, I anticipate three different kinds. We will see a continuation of the current expendable launches of telecommunication satellites and so forth that we have had for a number of years, and that will continue on into the indefinite future.

We will also see, shortly, with the retirement of the Space Shuttle, a new kind of commercial activity designed to take cargo to the International Space Station. I believe that activity will be on the order of six to eight launches per year and will start in the next couple of years.

But the prime driver for the kinds of flight rates that you mentioned will, in all likelihood, be a result of suborbital space tourism and the commercial human space flight. I believe that within the next five years we will see several companies that are conducting regular and frequent launches up to the edge of space, and that will, of course, greatly change how we think about space transportation.

Mr. Costello. Mr. Stevens?

Mr. Stevens. I agree with Dr. Nield on all those accounts. The one thing I would bring up is that I am very concerned, as I mentioned in my testimony, that the number of commercial launches done by the United States is very low, and we need to really take a look at ITAR reform. As I mentioned, that is hurting our industry. And we definitely need to pass, get the Senate to approve indemnification before the end of this year.

Mr. Costello. Anyone else on the panel?

Mr. Dillingham. Mr. Chairman?

Mr. Costello. Yes, Dr. Dillingham.

Mr. Dillingham. I think it is important to point out that, to the extent that the industry does expand, that FAA will need to match the resources and skill mix that will be needed to oversee that industry, collaboratively or otherwise. And I think it is important to note that, in addition to the pipeline not being what the pipeline should be for math and science, there is also the potential difficulty with FAA attracting those people, those kinds of skilled people to skew it to the agency.

We recently issued a report that indicated that FAA had some work to do in order to make itself a place where those kinds of skills would be inclined to go to, and, to their credit, Administrator Babbitt has made that a focus, but this could take time, and FAA, right now, they are in fact able to match the size of the industry and its activity, but it is something that needs to be kept on the radar screen.

Mr. Costello. Very good. Thank you, Dr. Dillingham.

The Chair now recognizes the Ranking Member, Mr. Petri.

Mr. Petri. Well, thank you all for your testimony. I, first of all, want to say that I am happy to hear, in Dr. Nield’s and other members of the panel’s testimony, somewhat of a measure of sensitivity to the relationship between a very high-tech, very emerging industry and what can be the deadening hand of government regulation. If we can protect ourselves from success if we are not careful. And yet, at the other hand, we do have some obligation to make sure that things are being done responsibly and risks are taken.

Source: Commercial Space Transportation. Hearing Before the Subcommittee on Aviation, House of Representatives. 111th Congress, 1st session, December 2, 2009. Washington, DC: Government Printing Office, 2009. Available online at https://www.govinfo.gov/content/pkg/CHRG-111hhrg53802/html/CHRG-111hhrg53802.htm
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1. In simplified aerodynamic terms, the mechanism transformed Enterprise from a glider into more of a badminton shuttlecock, which was more aerodynamically stable at the slow speeds and in the thin atmosphere at the peak of its flight profile. This configuration was disastrous at high speeds in the lower atmosphere where the accident occurred.


Chapter 8: The Future of Space (2010s)

While Virgin Galactic and Blue Origin ready SpaceShipTwo and New Shepard, respectively, for commercial suborbital space tourism beginning in 2019, SpaceShipThree is on the drawing boards, with the original objective of carrying passengers into orbit having been scaled back to providing point-to-point suborbital passenger travel beginning in the mid-2020s. At the same time, Blue Origin plans to offer commercial orbital passenger services on its New Glenn rocket beginning in 2020.

When NASA deselected Sierra Nevada Corporation’s Dream Chaser lifting body as a commercial crew vehicle in 2014, the company continued work on a downsized, unpiloted, cargo version. NASA selected the Dream Chaser for this role in 2016, and it is expected to enter service no earlier than 2021, competing with the SpaceX’s Dragon 2 and Northrop Grumman’s Cygnus for delivering cargo to the International Space Station (ISS). NASA and the U.S. Air Force experimented with atmospheric test versions of various lifting body shapes in the late 1960s and early 1970s, as did the Soviet Union in the late 1970s. At one time, the USAF contemplated developing its SV-5 lifting body shape into a reusable manned spacecraft to ferry its astronauts to and from advanced versions of the Manned Orbiting Laboratory, and the Soviets planned to develop its BOR-4 into a manned space interceptor. Later lifting body designs also failed to come to fruition as manned spacecraft. NASA/Langley’s HL-20 was to have been the spacecraft for the Personnel Launch System, a 1991 concept for replacing the Space Shuttle. In the late 1990s, NASA began developing an X-38 Crew Rescue Vehicle based on the SV-5 shape, which would have remained attached to the ISS to provide an emergency return capability should the space station need to be evacuated; the X-38 was canceled in 2002. Although the downscaled Dream Chaser, based on the HL-20 shape, will be unpiloted, it will become the first operational lifting body spacecraft after a half century of fits and starts, and it is not beyond the realm of possibility that the original, full-size, crewed version will be developed; the Trump administration is currently considering the use of such a vehicle to service the Hubble Space Telescope sometime in the 2020s.

In addition to providing personnel transport to and from the ISS on its Crew Dragon, SpaceX is studying the possibility of providing passenger service to a commercial space station being developed by Bigelow Aerospace. The first B330 inflatable space station module is due to be launched in 2020 using an Atlas V. On February 27, 2017, SpaceX CEO Elon Musk announced that the company would fly two private citizens on a free return trajectory around the moon in late 2018; this launch date has slipped to no earlier than 2023 as a new, larger Falcon launch vehicle is being developed for the circumlunar flight.

As mentioned in the preceding chapter, Boeing’s CST-100 Starliner is being readied for commercial passenger service to and from the ISS beginning in 2019. There are no announced plans for a circumlunar flight in competition with SpaceX’s Crew Dragon; however, the shape of the Starliner, which is similar in shape to the Apollo Command Module but slightly larger, suggests the possibility.

Russia plans to phase out its venerable Soyuz spacecraft sometime in the 2020s and replace it with the new Federatsiya, which is designed to carry a crew of four into Earth orbit and to lunar orbit on solo missions of up to 30 days, and it will be able to remain docked in quiescent mode to a space station for as long as a year.

Less important in relation to the U.S. manned space program—the focus of this volume—has been that of China, since it has so far only reached a stage of development comparable to the U.S. (minus the Apollo expeditions to the Moon) and Soviet programs in the early 1970s, with Shenzhou crews visiting its single-launch Tiangong space stations for up to 33 days. China plans to begin the assembly of a modular space station sometime in the 2020s, and although details are not available as of this writing, possibly this new station will be on about the same scale as the Soviet Mir station of the 1980s and 1990s.

Another up and coming spacefaring nation is India, which aims to become the fourth nation to send a crew into Earth orbit in 2021 aboard its Gaganyaan spacecraft.

Although the Obama administration canceled NASA’s Constellation program in 2010, “the President proposes, but Congress disposes”; it is the Congress that has the power of the purse. Congress mandated the continued development of the Orion Crew Exploration Vehicle, as well as a redesigned launch vehicle currently known as the Space Launch System. The SLS will be the most powerful rocket ever built, with a total thrust greater than that of the Saturn V. The latter was an entirely liquid-propelled rocket, and therefore could carry a more massive payload, whereas the SLS has extended versions of the Space Shuttle’s Solid Rocket Boosters as its first stage in its Block 1 configuration. The planned Block 2 version will incorporate a larger second stage to boost its payload capability to 130 metric tons. NASA plans to launch an unmanned Orion spacecraft on the SLS Block 1 to the Moon and back in June 2020, and to repeat the flight with a crew in 2022. Thus, NASA’s Orion and SpaceX’s Crew Dragon are in an undeclared race around the Moon. In March 2019, Vice President Mike Pence announced that NASA would accelerate its goal of returning astronauts to the lunar surface from 2028 to 2024, although such an acceleration will be difficult and its cost is as yet unquantified.

Before the Obama administration canceled the Constellation program, in 2009 a NASA team published a study called Design Reference Architecture 5.0, outlining the mission architecture for the human exploration of Mars; the team issued an addendum in 2014. Although it remains the most comprehensive study of Mars mission architecture, new ideas are coming to the fore. NASA is currently studying the concept of a lunar orbital platform, which would not only serve as a base from which to send expeditions to the lunar surface, but also as a Gateway to destinations elsewhere in the Solar System. The advantage of such a Gateway is that it would be on the edge of Earth’s gravity well, thus spacecraft departing for Mars and other destinations would require less propellant.

The prospect of developing practical ion engines makes this concept particularly attractive. Ion engines are the most efficient form of reaction propulsion known.1 The Shuttle-era Solid Rocket Booster, which will be stretched for the SLS, has a specific impulse of 2.63 kilometers per second (268 seconds) in a vacuum. The Space Shuttle Main Engine (Aerojet Rocketdyne RS-25), a version of which is also incorporated in the SLS, has a specific impulse of 4.43 kilometers per second (452 seconds) in a vacuum. Although the SSME has not quite double the specific impulse of the SRB, the relationship of specific impulse to propellant mass in the Tsiolkovskij equation is not linear; it is exponential. Thus, more efficient propellant drastically reduces the propellant mass required to accelerate the same payload to the same burnout velocity. The latest test data for various types of ion engines have specific impulses ranging from 16.3 to 98.1 kilometers per second (1,660 to 10,000 seconds). The rub is that the ion engines developed so far are very low-thrust devices; the most powerful one so far develops only 449 millinewtons (0.1 pounds thrust). This makes ion engines useless for launching off Earth or any celestial body with a strong gravity field; however, in free space, such engines can be operated continuously for long periods of time. The acceleration is gentle, but velocity can build up to very high rates given enough time. Ion engines could be used to slowly spiral out cargo from low Earth orbit to the lunar orbital Gateway, taking months to get there but expending very little propellant, which would need to be launched initially into low Earth orbit. Ion engines could also be used to propel cargo to other destinations in the Solar System. Piloted spacecraft to the Moon and to other destinations would still require high-thrust engines such as chemical or nuclear to achieve reasonably short transit times, but these might be supplemented by ion engines thrusting continuously during the months-long cruises between planets.

Mars is not the only destination within reach of the Orion and the SLS. Although there will be no health spas opening on Venus as Wernher von Braun once predicted, it should be possible to float a buoyant, high-altitude platform in its atmosphere, well above the hellish climate; there crews would be protected from harmful solar radiation by the upper atmosphere. Although a longer journey (690 days each way via minimum-energy transfer orbits), voyages to the Jovian System are possible. Callisto, the outermost of the four large Galilean moons, orbits beyond Jupiter’s intense radiation belts and its surface could be explored by humans. An expedition orbiting outside the radiation belts might also teleoperate probes landed on Io, Europa, and Ganymede, as well as on any of Jupiter’s 75 other currently known natural satellites.

Meanwhile, SpaceX’s vision beyond Cargo Dragon 2 and Crew Dragon involves a 100-passenger spaceship called Starship launched on a giant rocket with the preliminary name Super Heavy, both reusable. According to Elon Musk, the system is intended to launch satellites and transport people point-to-point on Earth, as well as to and from Mars, the Moon, and other distant destinations.

In the past few years, a dozen companies have begun planning to prospect near-Earth asteroids for minerals. Some materials may be valuable enough to be worth transporting to Earth, while others might be used elsewhere in space in an evolving Solar System economy. Helium-3, a rare isotope on Earth, is deposited on the lunar surface by the solar wind. Unlike most other nuclear fusion reactions, the fusion of helium-3 atoms releases large amounts of energy without producing excessive amounts of dangerous particles that cause the surrounding material to become radioactive; however, commercial power generation by fusion reactors is decades in the future.

Another potential energy source from space is the Sun. Solar energy is being captured on Earth with increasing efficiency; however, such systems do not work at night, and even during the day, Earth’s cloudy atmosphere can significantly attenuate the Sun’s energy. The concept of solar power satellites orbiting Earth and beaming microwave energy to receiving stations on its surface has been around for decades; in the 1970s it was hoped that the Space Shuttle would reduce launch costs to the level where solar power satellites would be commercially feasible. Although this did not occur in the twentieth century, the competition between commercial space launch services in our century may achieve the necessary cost reduction. Hopefully, either helium-3 fusion reactors or solar power satellites, or both, will be available later in the twenty-first century to serve an energy-hungry Earth as petroleum production declines.


PRESIDENT OBAMA, SPACE EXPLORATION IN THE 21ST CENTURY (APRIL 15, 2010)

Despite many years of discussing a return to the Moon, NASA had been unable to accomplish it. In 2010, with the retirement of the Space Shuttle program a year away and no new spacecraft in sight, President Barack Obama declared yet another new vision for NASA. In this document, he calls for unmanned exploration of the solar system, more Earth observation, and investment in long-distance manned space travel. He explicitly rejects returning to the Moon.



The challenges facing our space program are different, and our imperatives for this program are different, than in decades past. We’re no longer racing against an adversary. We’re no longer competing to achieve a singular goal like reaching the Moon. In fact, what was once a global competition has long since become a global collaboration. But while the measure of our achievements has changed a great deal over the past 50 years, what we do—or fail to do—in seeking new frontiers is no less consequential for our future in space and here on Earth.

So let me start by being extremely clear: I am 100 percent committed to the mission of NASA and its future. Because broadening our capabilities in space will continue to serve our society in ways that we can scarcely imagine. Because exploration will once more inspire wonder in a new generation—sparking passions and launching careers. And because, ultimately, if we fail to press forward in the pursuit of discovery, we are ceding our future and we are ceding that essential element of the American character.

I know there have been a number of questions raised about my administration’s plan for space exploration, especially in this part of Florida where so many rely on NASA as a source of income as well as a source of pride and community. And these questions come at a time of transition, as the space shuttle nears its scheduled retirement after almost 30 years of service. And understandably, this adds to the worries of folks concerned not only about their own futures but about the future of the space program to which they’ve devoted their lives.

But I also know that underlying these concerns is a deeper worry, one that precedes not only this plan but this administration. It stems from the sense that people in Washington—driven sometimes less by vision than by politics—have for years neglected NASA’s mission and undermined the work of the professionals who fulfill it. We’ve seen that in the NASA budget, which has risen and fallen with the political winds.

But we can also see it in other ways: in the reluctance of those who hold office to set clear, achievable objectives; to provide the resources to meet those objectives; and to justify not just these plans but the larger purpose of space exploration in the 21st century.

All that has to change. And with the strategy I’m outlining today, it will. We start by increasing NASA’s budget by $6 billion over the next five years, even . . . as we have instituted a freeze on discretionary spending and sought to make cuts elsewhere in the budget.

. . . By doing that we will ramp up robotic exploration of the solar system, including a probe of the Sun’s atmosphere; new scouting missions to Mars and other destinations; and an advanced telescope to follow Hubble, allowing us to peer deeper into the universe than ever before.

We will increase Earth-based observation to improve our understanding of our climate and our world—science that will garner tangible benefits, helping us to protect our environment for future generations.

And we will extend the life of the International Space Station likely by more than five years, while actually using it for its intended purpose: conducting advanced research that can help improve the daily lives of people here on Earth, as well as testing and improving upon our capabilities in space. This includes technologies like more efficient life support systems that will help reduce the cost of future missions. And in order to reach the space station, we will work with a growing array of private companies competing to make getting to space easier and more affordable.

Now, I recognize that some have said it is unfeasible or unwise to work with the private sector in this way. I disagree. The truth is, NASA has always relied on private industry to help design and build the vehicles that carry astronauts to space, from the Mercury capsule that carried John Glenn into orbit nearly 50 years ago, to the space shuttle Discovery currently orbiting overhead. By buying the services of space transportation—rather than the vehicles themselves—we can continue to ensure rigorous safety standards are met. But we will also accelerate the pace of innovations as companies—from young startups to established leaders—compete to design and build and launch new means of carrying people and materials out of our atmosphere.

In addition, as part of this effort, we will build on the good work already done on the Orion crew capsule. I’ve directed Charlie Bolden to immediately begin developing a rescue vehicle using this technology, so we are not forced to rely on foreign providers if it becomes necessary to quickly bring our people home from the International Space Station. And this Orion effort will be part of the technological foundation for advanced spacecraft to be used in future deep space missions. In fact, Orion will be readied for flight right here in this room.

Next, we will invest more than $3 billion to conduct research on an advanced “heavy lift rocket”—a vehicle to efficiently send into orbit the crew capsules, propulsion systems, and large quantities of supplies needed to reach deep space. In developing this new vehicle, we will not only look at revising or modifying older models; we want to look at new designs, new materials, new technologies that will transform not just where we can go but what we can do when we get there. And we will finalize a rocket design no later than 2015 and then begin to build it. And I want everybody to understand: That’s at least two years earlier than previously planned—and that’s conservative, given that the previous program was behind schedule and over budget.

At the same time, after decades of neglect, we will increase investment—right away—in other groundbreaking technologies that will allow astronauts to reach space sooner and more often, to travel farther and faster for less cost, and to live and work in space for longer periods of time more safely. That means tackling major scientific and technological challenges. How do we shield astronauts from radiation on longer missions? How do we harness resources on distant worlds? How do we supply spacecraft with energy needed for these far-reaching journeys? These are questions that we can answer and will answer. And these are the questions whose answers no doubt will reap untold benefits right here on Earth.

So the point is what we’re looking for is not just to continue on the same path—we want to leap into the future; we want major breakthroughs; a transformative agenda for NASA. . . .

Early in the next decade, a set of crewed flights will test and prove the systems required for exploration beyond low Earth orbit. And by 2025, we expect new spacecraft designed for long journeys to allow us to begin the first-ever crewed missions beyond the Moon into deep space. So we’ll start—we’ll start by sending astronauts to an asteroid for the first time in history. By the mid-2030s, I believe we can send humans to orbit Mars and return them safely to Earth. And a landing on Mars will follow. And I expect to be around to see it.

. . . Now, I understand that some believe that we should attempt a return to the surface of the Moon first, as previously planned. But I just have to say pretty bluntly here: We’ve been there before. . . . There’s a lot more of space to explore, and a lot more to learn when we do. So I believe it’s more important to ramp up our capabilities to reach—and operate at—a series of increasingly demanding targets, while advancing our technological capabilities with each step forward. And that’s what this strategy does. And that’s how we will ensure that our leadership in space is even stronger in this new century than it was in the last.

Source: Public Papers of the Presidents of the United States. Barack Obama, 2010, Book 1. Washington, DC: Government Printing Office, 2013, pp. 497–501.

PRESIDENT OBAMA ON THE SPACE PROGRAM (JULY 6, 2011)

Days before the launch of the last Shuttle, President Obama hosted a question-and-answer session with users from the Twitter social media site. He was asked what was next for the space program. His answer encouraged new explorations for NASA, including asteroid research and a trip to Mars, in the hopes of reaching “the next frontier.” He also previewed the possibilities of private sector space travel.



Space Program

Mr. Dorsey. So a slight deviation from the economy. We have a lot of questions—and this will be our last before we start reading some responses to your question—about the space program. And this one from Ron: “Now that the space shuttle is gone, where does America stand in space exploration?”

The President. We are still a leader in space exploration. But frankly, I have been pushing NASA to revamp its vision. The shuttle did some extraordinary work in low-orbit experiments, the International Space Station, moving cargo. It was an extraordinary accomplishment, and we’re very proud of the work that it did. But now what we need is that next technological breakthrough.

We’re still using the same models for space travel that we used with the Apollo program 30, 40 years ago. And so what we’ve said is, rather than keep on doing the same thing, let’s invest in basic research around new technologies that can get us places faster, allow human space flight to last longer.

And what you’re seeing now is NASA, I think, redefining its mission. And we’ve set a goal to let’s ultimately get to Mars. A good pit stop is an asteroid. I—we haven’t identified the actual asteroid yet, in case people are wondering. [Laughter] But the point is, let’s start stretching the boundaries so we’re not doing the same thing over and over again, but rather, let’s start thinking about what’s the next horizon, what’s the next frontier out there.

And—but in order to do that, we’re actually going to need some technological breakthroughs that we don’t have yet. And what we can do is, for some of this low-orbit stuff, some of the more routine space travel—obviously, no space travel is routine, but it could become more routine over time—let’s allow the private sector to get in so that they can, for example, send these low-Earth-orbit vehicles into space, and we may be able to achieve a point in time where those of you who are just dying to go into space, you can buy a ticket, and a private carrier can potentially take you up there, while the Government focuses on the big breakthroughs that require much larger investments and involve much greater risk.

Source: Public Papers of the Presidents of the United States. Barack Obama, 2011, Book 2. Washington, DC: Government Printing Office, 2016, pp. 826–840.

PRESIDENT OBAMA ON THE LAST SHUTTLE FLIGHT (JULY 8, 2011)

After 135 Shuttle missions, $209 billion in costs, and over 20,000 orbits of Earth, the Space Shuttle era was at an end. Of the three remaining orbiters, Discovery’s last flight landed on March 9, 2011; Endeavour followed on June 1. On July 8, 2011, Atlantis launched on its final flight; it landed on July 21, 2011. The three orbiters, plus the Enterprise test vehicle, were distributed around the country for display, ending in New York, Virginia, Florida, and California. While NASA planned to develop more advanced spacecraft, the burden has been so far been carried mostly by the Russian Soyuz spacecraft and private commercial vehicles. President Obama marked the end of the program with this statement.



Today Americans across the country watched with pride as four of our fellow citizens blasted off from the Kennedy Space Center in the Space Shuttle Atlantis and America reached for the heavens once more.

Behind Atlantis and her crew of brave astronauts stand thousands of dedicated workers who have poured their hearts and souls into America’s space shuttle program over the past three decades. To them and all of NASA’s incredible workforce, I want to express my sincere gratitude. You helped our country lead the space age, and you continue to inspire us each day.

Today’s launch may mark the final flight of the space shuttle, but it propels us into the next era of our never-ending adventure to push the very frontiers of exploration and discovery in space. We’ll drive new advances in science and technology. We’ll enhance knowledge, education, innovation, and economic growth. And I have tasked the men and women of NASA with an ambitious new mission: to break new boundaries in space exploration, ultimately sending Americans to Mars. I know they are up to the challenge, and I plan to be around to see it.

Congratulations to Atlantis, her astronauts, and the people of America’s space program on a picture-perfect launch, and good luck on the rest of your mission to the International Space Station and for a safe return home. I know the American people share my pride at what we have accomplished as a nation and my excitement about the next chapter of our preeminence in space.

Source: Public Papers of the Presidents of the United States. Barack Obama, 2011, Book 2. Washington, DC: Government Printing Office, 2016, p. 843.

CHARLES BOLDEN, “CURIOSITY TAKES US BACK TO MARS” (AUGUST 6, 2012)

An astronaut on four Shuttle flights, Charles Borden was appointed as the twelfth NASA administrator by President Barack Obama on July 17, 2009. Following Obama’s directive, one of NASA’s main objectives at this time was setting the groundwork for a manned trip to Mars. In this document, Bolden also mentions some other plans: a new spacecraft (Orion), a new transportation system (the SLS), and supporting commercial spaceflight (SpaceX).

By 2012, NASA had sent three rovers to the surface of Mars. Sojourner, a part of the Pathfinder mission, survived about 83 days before losing communication. Spirit and Opportunity, both launched in 2003, were steadily roaming the planet at this time. (Spirit would lose contact in 2010, and Opportunity would be declared inactive in 2019 after losing contact during a 2018 dust storm.) The rover discussed here, Curiosity, was launched in November 2011 with a full payload of scientific experiments and equipment on board. As of this writing, it is still active and exploring on the surface of Mars.



NASA is back on Mars—and getting ready for the next mission to the Red Planet! After an astounding 154 million mile journey and a harrowing landing that demonstrated cutting-edge technology, Curiosity, the largest rover ever sent to another planet, is in place and ready to work. This robotic laboratory will seek answers to one of humanity’s oldest questions as it investigates whether conditions have favored development of microbial life on the Red Planet. The mission is a critical planetary science mission—and a precursor to sending humans to the Red Planet in the 2030’s, a goal set forth by President Obama.

It’s another great leadership moment for our nation and a sign of the continued strength of NASA’s many programs in science, aeronautics and human spaceflight. It’s also important to remember that the $2.5 billion investment made in this project was not spent on Mars, but right here on Earth, supporting more than 7,000 jobs in at least 31 states.

With the retirement of the Shuttle program after its final flight in July 2011, some have suggested that NASA’s leadership in the exploration of space, including our extraordinary successes on Mars, was coming to an end. Nothing could be further from the truth. The Curiosity mission is only the latest in a long list of extraordinary NASA missions that established the United States as the undisputed world leader, and it will help guarantee that remains the case for many years to come.

When our Orion deep space crew vehicle takes its first test flight in 2014, it will travel farther into space than any spacecraft designed for humans has flown in the 40 years since our astronauts returned from the moon.

In 2017, NASA’s Space Launch System (SLS), a heavy-lift rocket that will provide an entirely new capability for human exploration beyond low Earth orbit, will launch Orion.

We also reached a critically important milestone in May when SpaceX became the first private company to send a spacecraft—the Dragon cargo capsule—to the International Space Station and return it with cargo intact. This successful mission ushered in a new era in spaceflight—and signaled a new way of doing business for NASA. And just a few days ago, we announced the next step in the Obama Administration’s aggressive plan to once again launch our astronauts from U.S. soil on spacecraft built by American companies.

As part of our commitment to maintain American leadership in the exploration of Mars beyond the Curiosity mission, NASA will launch the Mars Atmosphere and Volatile EvolutioN (MAVEN) orbiter next year. Earlier this year, I directed NASA’s science mission director, along with the head of human exploration, Chief Technologist, and Chief Scientist to develop a more integrated strategy to ensure that the next steps for Mars exploration will support the nation’s planetary science objectives as well as our human exploration goals. They are looking at many options, including another robotic mission to land on Mars in this decade.

I am so proud of the NASA team that has made tonight’s challenging milestone possible. However, tomorrow we begin to plan for the next great challenge—and start compiling incredible scientific data from Curiosity. For the past 50 years, NASA has specialized in doing the hard things. Thanks to the ingenuity of our teams across America and the world, we are poised for even greater success.

Source: Bolden, Charles. “Curiosity Takes Us Back to Mars.” August 6, 2012. The White House. Available online at https://obamawhitehouse.archives.gov/blog/2012/08/06/curiosity-takes-us-back-mars

CHARLES BOLDEN, “SUCCESS IN COMMERCIAL SPACE CONTINUES” (JANUARY 13, 2015)

Since the end of the Shuttle program in 2011, NASA had been relying on the Russian Soyuz spacecraft, at a cost of several billion dollars. While it still attempted to build its own Space Launch System and the Orion spacecraft that would fly with it, that program continued to face delays and cost overruns. Into this void stepped the commercial spaceflight companies—chief among them, SpaceX and Boeing. Since 2010, SpaceX had been testing its Falcon rockets with groundbreaking reusable boosters. While deliveries of cargo and satellite deployments had been successful, landing the boosters was more challenging. In the flight described here, SpaceX successfully delivered its cargo, but the attempt to land the first-stage booster on a drone ship failed after running out of hydraulic fluid in the last seconds before landing. In just a few years’ time, these landings would become routine, with most boosters returning successfully to Earth for refurbishment and reuse. In the process, SpaceX has decreased the cost of spaceflight.



On Saturday, we kicked off the New Year in a spectacular way. SpaceX launched its latest cargo resupply mission to the International Space Station (ISS), the first American commercial flight to the ISS in 2015. This morning, the Dragon capsule arrived at the orbiting laboratory with more than two tons of supplies and science investigations for the crew in orbit. Our investment in commercial space is bringing tangible benefits to the American people and enables NASA to focus on future missions to deep space—to asteroids and Mars.

Thanks to SpaceX and Orbital Sciences—our two commercial cargo partners—we’ve returned Space Station resupply launches to U.S. soil. We’re now poised to do the same with the transport of our astronauts to the space station by SpaceX and The Boeing Company in the coming years—targeting 2017 as the inaugural year for commercial crew missions.

Today’s arrival of the SpaceX Dragon spacecraft not only resupplies the Station, but also delivers important science experiments and increases the Station’s unique capabilities as a platform for Earth science with the delivery of the Cloud-Aerosol Transport System, or CATS, instrument.

This launch also illustrates how SpaceX recognizes that technology drives exploration. The company has made great strides in returning first stage elements to a barge positioned down range. Being able to return a launch vehicle in a controlled manner back to Earth right now is another example of how technology can inform launch capabilities.

On Saturday, SpaceX succeeded in returning the Falcon 9’s first stage to an ocean platform, even though some systems didn’t work. As the company’s CEO, Elon Musk, tweeted Saturday morning, “Close, but no cigar this time. Bodes well for the future tho [sic].”

NASA’s use of commercial companies to send and retrieve our cargo from space, to manage the payloads on the space station and to eventually transport our astronauts has fueled jobs and entire industries. As President Obama has said, “For pennies on the dollar, the space program has improved our lives, advanced our society, strengthened our economy, and inspired generations of Americans.”

As we set our sights on 2017, we’re looking forward to working with Boeing and SpaceX on the renewed capability to launch American astronauts from U.S. soil, ending our nation’s sole reliance on Russia for such transportation.

I congratulate the SpaceX and NASA teams who made Saturday’s success possible. We look forward to extending our efforts in commercial space to include commercial crew transport to the Space Station by 2017 and to more significant milestones this year on our journey to Mars.

Source: Bolden, Charles. “Success in Commercial Space Continues.” January 13, 2015. The White House. Available online at https://obamawhitehouse.archives.gov/blog/2015/01/13/success-commercial-space-continues

PRESIDENT OBAMA, “ENSURING AMERICA LEADS THE WORLD INTO THE NEXT FRONTIER” (OCTOBER 15, 2016)

As an agency of the federal government, NASA is used to their budget rising and falling as administrations change and new directions and missions are declared. When Barack Obama took office in 2009, he cancelled the Constellation program attempting to return to the Moon, promoted the SLS and Orion system, shifted the near-term goal to landing on an asteroid, and supported the rise of private spaceflight. In this weekly address, Obama explains the importance of science, and within that, spaceflight, to the America of the twenty-first century.



Hi, everybody. On Thursday, I traveled to Pittsburgh for the White House Frontiers Conference, where some of America’s leading minds came together to talk about how we can empower our people through science to lead our communities, our country, and our world into tomorrow.

Plus, we had some fun. I had a chance to fly a space flight simulator where I docked a capsule on the International Space Station. I met a young man who’d been paralyzed for more than a decade, but thanks to breakthrough brain implants, today, he can not only move a prosthetic arm, but actually feel with the fingers.

It’s awe-inspiring stuff. And it shows how investing in science and technology spurs our country towards new jobs and new industries, new discoveries that improve and save lives. That’s always been our country’s story, from a Founding Father with an idea to fly a kite in a thunderstorm, to the women who solved the equations to take us into space, to the engineers who brought us the Internet. Innovation is in our DNA. And today, we need it more than ever to solve the challenges we face. Only through science can we cure diseases and save the only planet we’ve got and ensure that America keeps its competitive advantages as the world’s most innovative economy.

And that’s why it’s so backward when some folks choose to stick their heads in the sand about basic scientific facts. It’s not just that they’re saying that climate change is a hoax or trotting out a snowball on the Senate floor. It’s that they’re also doing everything they can to gut funding for research and development, the kinds of investments that brought us breakthroughs like GPS and MRIs and put Siri on our smartphones.

That’s not who we are. Remember, 60 years ago, when the Russians beat us into space, we didn’t deny Sputnik was up there. We didn’t haggle over the facts or shrink our R&D budget. No, we built a space program almost overnight and beat them to the Moon. And then, we kept going, becoming the first country to take an up-close look at every planet in the solar system too. That’s who we are.

And that’s why, in my first Inaugural Address, I vowed to return science to its rightful place. It’s why in our first few months, we made the largest single investment in basic research in our history. And it’s why, over the last 8 years, we’ve modernized the Government’s approach to innovation for the 21st century. We’ve jumpstarted a clean energy revolution and unleashed the potential of precision medicine. We’ve partnered with the private sector and academia and launched moonshots for cancer, brain research, and solar energy. We’ve harnessed big data to foster social innovation and invested in STEM education and computer science so that every young person—no matter where they come from or what they look like—can reach their potential and help us win the future.

That’s what this is about: making sure that America is the nation that leads the world into the next frontier. And that’s why I’ve been so committed to science and innovation, because I’ll always believe that with the right investments and the brilliance and ingenuity of the American people, there’s nothing we cannot do.

Thanks, everybody. And have a great weekend.

Source: Obama, Barack. “Weekly Address: Ensuring America Leads the World Into the Next Frontier.” October 15, 2016. The White House. Available online at https://obamawhitehouse.archives.gov/the-press-office/2016/10/15/weekly-address-ensuring-america-leads-world-next-frontier

PRESIDENT TRUMP, NASA TRANSITION AUTHORIZATION ACT OF 2017 (MARCH 21, 2017)

As with most administration changes, the handover of power between Barack Obama and Donald Trump led to transitions within NASA as well. One change was the appointment of James Bridenstine as the thirteenth NASA administrator. In another change, Trump signed the NASA Transition Authorization Act, which called for a $19.5 billion budget. While the bill continued the plans to get a human to Mars, and to develop the SLS and Orion, it suggested cutting Earth-based science such as research on climate change, which had been a part of NASA’s mission since its founding.



For almost six decades, NASA’s work has inspired millions and millions of Americans to imagine distant worlds and a better future right here on Earth. I’m delighted to sign this bill—it’s been a long time since a bill like this has been signed—reaffirming our national commitment to the core mission of NASA: human space exploration, space science, and technology.

With this legislation, we support NASA’s scientists, engineers, astronauts, and their pursuit of discovery. We support jobs; it’s about jobs also. This bill calls for ongoing medical monitoring and treatment of our heroic astronauts for health conditions that result from their service. It’s a pretty tough job. . . .

This bill will make sure that NASA’s most important and effective programs are sustained. It orders NASA to continue—and it does, it orders just that—to continue transitioning activities to the commercial sector where we have seen great progress. It’s amazing what’s going on; so many people and so many companies are so into exactly what NASA stands for. So the commercial and the private sector will get to use these facilities. And I hope they’re going to be paying us a lot of money, because they’re going to make great progress.

It continues support for the commercial crew program, which will carry American astronauts into space from American soil once again—been a long time. It supports NASA’s deep space exploration, including the Space Launch System and the ORION spacecraft. It advances space science by maintaining a balanced set of mission and activities to explore our solar system and the entire universe. And it ensures that through NASA’s astronauts and aeronautics research, the United States will remain a total leader in aviation.

Now, these astronauts are amazing—I’ve met some of them—they are very brave people, and their right at the forefront. So we salute them with this legislation. And we salute the ones that have lost their lives doing what they love to do.

America’s space program has been a blessing to our people and to the entire world. Almost half a century ago, our brave astronauts first planted the American flag on the Moon. That was a big moment in our history. Now this Nation is ready to be the first in space once again. Today we’re taking the initial steps toward a bold and bright new future for American spaceflight.

I am honored to sign this new bill. The folks behind me have been so involved in it. They love NASA. They love everything it stands for, and they love the people in their areas. You have a couple of areas that are going to be very benefit—very much benefited by this.

So I just want to thank all of the people standing behind me. They’ve done a great service for the country and for their communities. It’s a lot of jobs, and these are great jobs. So thank you very much. And we’ll sign this.

Source: Trump, Donald. “Remarks on Signing the National Aeronautics and Space Administration Transition Authorization Act of 2017.” March 21, 2017. Compilation of Presidential Documents, DCPD-201700183. Available online at https://www.govinfo.gov/app/details/DCPD-201700183

PRESIDENT TRUMP, “REVIVING THE NATIONAL SPACE COUNCIL” (JUNE 30, 2017)

The National Space Council (NSC) was created by President George H. W. Bush in 1989; it was itself a revival of the National Aeronautics and Space Council that existed from 1958 to 1973. The NSC, chaired by Vice President Dan Quayle, was disbanded in a disagreement over the restructuring of NASA in 1992. In June 2017, President Trump revived it, under the direction of his Vice President, Mike Pence, and staffed it with military and scientific personnel. As laid out in the executive order reestablishing the NSC, its goal was to review, monitor, and advise the president on national space policy and strategy.



By the authority vested in me as President by the Constitution and the laws of the United States of America, and in order to provide a coordinated process for developing and monitoring the implementation of national space policy and strategy, it is hereby ordered as follows:

Section 1. Purpose. The National Space Council (Council) was established by Title V of Public Law 100-685 and Executive Order 12675 of April 20, 1989 (Establishing the National Space Council). The Council was tasked with advising and assisting the President regarding national space policy and strategy. The Council was never formally disestablished, but it effectively ceased operation in 1993. This order revives the Council and provides additional details regarding its duties and responsibilities.



Sec. 2. Revival and Composition of the National Space Council.

(a) The Council is hereby revived and shall resume operations.

(b) The Council shall be composed of the following members:

(i)The Vice President, who shall be Chair of the Council;

(ii)The Secretary of State;

(iii)The Secretary of Defense;

(iv)The Secretary of Commerce;

(v)The Secretary of Transportation;

(vi)The Secretary of Homeland Security;

(vii)The Director of National Intelligence;

(viii)The Director of the Office of Management and Budget;

(ix)The Assistant to the President for National Security Affairs;

(x)The Administrator of the National Aeronautics and Space Administration;

(xi)The Director of the Office of Science and Technology Policy;

(xii)The Assistant to the President for Homeland Security and Counterterrorism;

(xiii)The Chairman of the Joint Chiefs of Staff; and

(xiv)The heads of other executive departments and agencies (agencies) and other senior officials within the Executive Office of the President, as determined by the Chair.

Sec. 3. Functions of the Council.

(a) The Council shall advise and assist the President regarding national space policy and strategy, and perform such other duties as the President may, from time to time, prescribe.

(b) In particular, the Council is directed to:

(i)review United States Government space policy, including long-range goals, and develop a strategy for national space activities;

(ii)develop recommendations for the President on space policy and space-related issues;

(iii)monitor and coordinate implementation of the objectives of the President’s national space policy and strategy;

(iv)foster close coordination, cooperation, and technology and information exchange among the civil, national security, and commercial space sectors;

(v)advise on participation in international space activities conducted by the United States Government; and

(vi)facilitate the resolution of differences concerning major space and space-related policy matters.

(c) The Council shall meet at least annually.

(d) The revival and operation of the Council shall not interfere with the existing lines of authority in or responsibilities of any agencies.

(e) The Council shall have a staff, headed by a civilian Executive Secretary appointed by the President.

Sec. 4. Responsibilities of the Chair.

(a) The Chair shall serve as the President’s principal advisor on national space policy and strategy.

(b) The Chair shall, in consultation with the members of the Council, establish procedures for the Council and establish the agenda for Council activities.

(c) The Chair shall report to the President quarterly on the Council’s activities and recommendations. The Chair shall advise the Council, as appropriate, regarding the President’s directions with respect to the Council’s activities and national space policy and strategy.

(d) The Chair may recommend to the President candidates for the position of Executive Secretary.

(e) The Chair, or upon the Chair’s direction, the Executive Secretary, may invite the heads of other agencies, other senior officials in the Executive Office of the President, or other Federal employees to participate in Council meetings.

(f) The Chair shall authorize the establishment of committees of the Council, including an executive committee, and of working groups, composed of senior designees of the Council members and of other Federal officials invited to participate in Council meetings, as he deems necessary or appropriate for the efficient conduct of Council functions.



Sec. 5. National Space Policy and Strategy Planning Process.

(a) Each agency represented on the Council shall provide such information to the Chair regarding its current and planned space activities as the Chair shall request.

(b) The head of each agency that conducts space related activities shall, to the extent permitted by law, conform such activities to the President’s national space policy and strategy.

(c) On space policy and strategy matters relating primarily to national security, the Council shall coordinate with the National Security Council (NSC) to create policies and procedures for the Council that respect the responsibilities and authorities of the NSC under existing law.



Sec. 6. Users’ Advisory Group.

(a) The Council shall convene a Users’ Advisory Group (Group) pursuant to Public Law 101-611, section 121, composed of non-Federal representatives of industries and other persons involved in aeronautical and space activities.

(b) Members of the Group shall serve without any compensation for their work for the Group. Members of the Group, while engaged in the work of the Group, may be allowed travel expenses, including per diem in lieu of subsistence, to the extent permitted by law for persons serving intermittently in Government service (5 U.S.C. 5701-5707), consistent with the availability of funds.

(c) The Group shall report directly to the Council and shall provide advice or work product solely to the Council.



Sec. 7. Administrative Provisions.

(a) To aid in the performance of the functions of the Council:

(i)The Office of Administration in the Executive Office of the President shall provide the Council with administrative support on a reimbursable basis; and

(ii)Legal advice to the Council itself with respect to its work and functions shall be provided exclusively by the Office of the Counsel to the President.

(b) To the extent practicable and permitted by law, including the Economy Act, and within existing appropriations, agencies serving on the Council and interagency councils and committees that affect space policy or strategy shall make resources, including, but not limited to, personnel, office support, and printing, available to the Council as reasonably requested by the Chair or, upon the Chair’s direction, the Executive Secretary.

(c) Agencies shall cooperate with the Council and provide such information and advice to the Council as it may reasonably request, to the extent permitted by law.

Source: Trump, Donald. “Executive Order 13803, Reviving the National Space Council.” June 30, 2017. Compilation of Presidential Documents, DCPD-201700449. Available online at https://www.govinfo.gov/app/details/DCPD-201700449

CONGRESSIONAL HEARING, “REOPENING THE AMERICAN FRONTIER” (JULY 13, 2017)

This hearing in front of the Subcommittee on Space, Science, and Competitiveness of the U.S. Senate explored the partnerships between NASA and private companies. With testimony from industry leaders, an academic researcher, and a NASA representative, the participants discussed issues of money, space debris, logistics, and legalities in the hopes of strengthening these collaborations and advancing both science and commerce in space. The hearing was led by Senator Ted Cruz from Texas, which had been home to the space program since the 1960s.



Senator Cruz:

Our national space program is on the verge of a renaissance. This renaissance is being driven by innovators who don’t accept the status quo and who are changing the very nature of space flight. This renaissance is also being driven by public-private partnerships between NASA and commercial space companies. . . . However, we shouldn’t be content to rest on the laurels of recent success. There is still a lot of work left that needs to be completed to ensure continued U.S. competitiveness in space.

JEFFREY MANBER, CHIEF EXECUTIVE OFFICER, NANORACKS LLC

Since my last visit before this Subcommittee in 2014, my company, NanoRacks, has continued to grow into a commercial space station company. We have taken on dozens of new customers and have brought over 550 research projects to the Space Station, including over 180 satellites, as you mentioned, all with no direct NASA funding.

How is this possible? Through a growing number of public-private partnerships between us and NASA, each one more commercial in nature. Each partnership allows the creativity of the private sector to further utilize the public investments made by you and Congress for the Space Station.

NanoRacks has self-funded over $10 million in hardware to date. Moving forward, we have partnered with Boeing Aerospace and we are co-investing $15 million to manufacture the world’s first commercial space station airlock, we call it the Gateway to Space, to further grow our business. These investments will develop the technical expertise and hardware base to own and operate our own space stations, a realistic goal we have set for ourselves as U.S. policy has matured.

But why am I not seeking NASA money up front? Because that’s not how the commercial marketplace works. I want to make sure there is no Space Station gap, just as there was with Shuttle and transportation. For a seamless transition, I believe we need the agility of the private sector to be involved. I want to squeeze efficiencies where none existed before, efficiencies in cost, efficiencies in use. This is how you build a customer base, and this is how you expand markets, even in outer space. This is called capitalism.

. . . In our partnerships, NASA has always been the safety regulator, the launch provider, and station resource provider. NanoRacks is the designer and developer of the hardware, provides the funding, and builds the customer base. . . .

TIM ELLIS, CEO AND CO-FOUNDER, RELATIVITY SPACE, INC.

. . . We’re a stealth-mode startup creating a new launch service for orbital payloads, allowing for enhanced launch certainty at significantly reduced cost. Relativity’s rockets are 100 percent designed, built, and flown in the United States. We are based in Los Angeles with current testing operations in Mississippi, and we are looking to expand operations into Florida, Texas, and beyond.

. . . For the past 10 months, Relativity has worked with NASA Stennis Space Center via a Reimbursable Space Act Agreement. We are actively testing our liquid oxygen/liquid methane engines with over six dozen hot fires in the past 6 months of testing. Due to this partnership with NASA, we are able to spend more of our precious time and investment capital on Relativity’s other never before seen technology innovations rather than commodity infrastructure buildup for engine testing, and as a result, we’re a much more attractive opportunity for investors.

We believe the U.S. Government has an historic opportunity to act as an accelerator for space startups, much like President Eisenhower catalyzed the American automobile industry when he created the interstate highway system.

I think progress would be made by addressing the four

following challenges.

First, the current incarnations of the Space Act Agreement and Commercial Space Launch Act Agreement frameworks are not ideal instruments for providing startups access to infrastructure due to their limited applicability and certainty. Relativity proposes a Commercial Space Lease

Agreement . . .

Second, currently there are lack of ideal launch sites in the U.S. for small-class launch vehicles to meet polar, retrograde, and sun synchronous orbits. Consequently, many small satellite customers look to foreign launches from India, Russia, and Europe. The use of an offshore drone ship launch platform operating under an FAA license could potentially alleviate this problem by allowing for launches in international waters. . . .

Third, for our potential customers, issues such as orbital debris reduction and spectrum rights need to be tackled in a way that do not limit the potential revenues of satellite companies or the launchers that fly them. A large addressable market needs to exist to attract private investment on both sides.

Fourth, we also encourage NASA to explore a modulated version of the Venture Class Launch Services program that provides for larger recurring contracts. . . .

TIM HUGHES, SENIOR VICE PRESIDENT, GLOBAL BUSINESS AND GOVERNMENT AFFAIRS, SPACE EXPLORATION TECHNOLOGIES CORP. (SPACEX)

. . . SpaceX is a firm believer that public-private partnerships between commercial space entities and the government, if carried out with the right structure and the right incentives, are among the best ways to rapidly, safely, and cost effectively advance America’s space program.

 . . . There are a few points to that end that I’d like to make. First, we encourage the Committee to look back on the NASA COTS program. It offers important lessons about the utility of public-private partnerships and the right way to carry them out. NASA structured the COTS program very wisely. It shared the risks, the costs, and the rewards of developing new space transportation capabilities. Under the program, NASA provided seed money for the demonstration of private space flight capabilities, and it issued payments only after a company met technical or financial performance metrics.

. . . The features associated with the COTS program can be more broadly applied now to the development of deep space exploration systems for transportation, habitats, communications, reconnaissance, and resource utilization. In general, they include the use of pay-for-performance milestone-based structures under firm-fixed-price contracts. Contractors should be paid when they deliver and they should take risks and they should share risks. Additionally, the government should set high-level requirements, objectives, and goals, but should not dictate how private partners achieve those goals. This encourages fresh thinking and creative problem solving. Further, competition is critical to the overall success of any such program. . . .

DR. MORIBA K. JAH, ASSOCIATE PROFESSOR, AEROSPACE ENGINEERING AND ENGINEERING MECHANICS, COCKELL SCHOOL OF ENGINEERING, THE UNIVERSITY OF TEXAS AT AUSTIN

. . . I would like to speak to you a little bit today about some of the problems that we have in space and why it’s critical that we do some problem-solving with not just government, but academia and private industry.

Right now, the United States Strategic Command maintains a database or a catalog of about 23,000 objects the size of a softball and large all the way to school bus size. The good news is that they are maintaining this day in and day out and really working hard at it. The bad news is that it’s not all the objects in space that can threaten critical space services and capabilities.

Before, when space first started with Sputnik, you only had a few objects on orbit, so it wasn’t very difficult to know where things were or where things could be, but with 23,000 objects that are being tracked and others that are detected but not tracked for a variety of reasons, it poses a huge problem.

. . . And, again, the new launches aren’t a problem; the problem is that we don’t have a space traffic management system to really understand how best to do these things.

. . . Regarding that space traffic management system, what should this space traffic management system do? For sure, it should ensure the safety of operations in space, maximize and incentivize commercial opportunities. I hear some people on orbit saying, ``Oh, FCC, please don’t grant any more licenses because any single object up here is going to pose this risk of cataclysmic failures and all these things.’’ That’s not necessarily the case. We have an unquantified risk because there is so much that we still don’t know. There is science that still needs to be done. . . .

ROBERT D. CABANA, DIRECTOR, JOHN F. KENNEDY SPACE CENTER, NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

Since the end of the Shuttle program in July 2011, the Kennedy Space Center has gone through a major transformation, establishing itself as the Nation’s premier multiuser spaceport, enabling both government and commercial operations to and from low-Earth orbit and beyond. This would not have been possible without the authorities granted by law that allowed us to establish the public-private partnerships that have totally reshaped KSC and Florida Space Coast.

. . . Working directly with the commercial space industry, and in partnership with Space Florida, KSC now has SpaceX, Boeing, and the Air Force all operating from former Shuttle facilities. And in Exploration Park, a research and development park, on Kennedy property, but outside the secure perimeter, Blue Origin is now building a manufacturing facility approximately half the volume of the Vehicle Assembly Building for their New Glenn rocket, and OneWeb is building a satellite manufacturing facility.

. . . These partnerships are not successful just because of the unique facilities made available, but also because of the effort made to allow our commercial partners as much autonomy as possible in their day-to-day operations.

. . . Public-private partnerships have worked well at KSC and across the agency. In order for us to be a successful nation, we need both government and commercial space integrated together. KSC is committed to successfully meeting NASA’s mission needs and continuing to grow as a multiuser spaceport.

Source: “Reopening the American Frontier: Promoting Partnerships between Commercial Space and the U.S. Government to Advance Exploration and Settlement.” Hearing before the Subcommittee on Space, Science, and Competitiveness of the Committee on Commerce, Science, and Transportation, U.S. Senate. 115th Congress, 1st Session. Washington, DC: Government Printing Office, 2018. Available online at https://www.govinfo.gov/content/pkg/CHRG-115shrg30770/html/CHRG-115shrg30770.htm

PRESIDENT TRUMP’S SPACE POLICY DIRECTIVE-1 (DECEMBER 11, 2017)

With this directive, President Donald Trump took the advice of the National Space Council. Their recommendations included ending efforts to land on an asteroid, returning humans to the Moon, and continuing public-private partnerships aimed at human exploration of Mars. The directive brought NASA’s focus back to human exploration of space.



Subject: Reinvigorating America’s Human Space Exploration Program

Section 1. Amendment to Presidential Policy Directive-4.

Presidential Policy Directive-4 of June 28, 2010 (National Space Policy), is amended as follows:

The paragraph beginning “Set far-reaching exploration milestones” is deleted and replaced with the following:

“Lead an innovative and sustainable program of exploration with commercial and international partners to enable human expansion across the solar system and to bring back to Earth new knowledge and opportunities. Beginning with missions beyond low-Earth orbit, the United States will lead the return of humans to the Moon for long-term exploration and utilization, followed by human missions to Mars and other destinations.”

Source: Trump, Donald. “Memorandum on Reinvigorating America’s Human Space Exploration Program.” December 11, 2017. Compilation of Presidential Documents, DCPD-201700902. Available online at https://www.govinfo.gov/app/details/DCPD-201700902

PRESIDENT TRUMP, NATIONAL SPACE TRAFFIC MANAGEMENT POLICY (JUNE 18, 2018)

As space travel became more routine and commercialized, one major problem came to light: what about all the debris circling the Earth? Space debris includes defunct satellites, spent rocket stages, and even lost tools and jettisoned garbage. The oldest known surviving space junk is the Vanguard 1 satellite, launched by the United States in 1958. While it was easy to avoid space debris in the early days of exploration, in 1993 Challenger was hit by a speck of paint; in 2006 a circuit board hit Atlantis, and International Space Station crews have had to hide in Soyuz three times when warnings alerted them.

The U.S Strategic Command, part of the Department of Defense, is one agency that tracks known objects. In this memorandum, President Trump updated our approach to assessing, tracking, and mitigating this danger to future space travel.



SUBJECT: National Space Traffic Management Policy

Section 1. Policy. For decades, the United States has effectively reaped the benefits of operating in space to enhance our national security, civil, and commercial sectors. Our society now depends on space technologies and space-based capabilities for communications, navigation, weather forecasting, and much more. Given the significance of space activities, the United States considers the continued unfettered access to and freedom to operate in space of vital interest to advance the security, economic prosperity, and scientific knowledge of the Nation.

Today, space is becoming increasingly congested and contested, and that trend presents challenges for the safety, stability, and sustainability of U.S. space operations. Already, the Department of Defense (DoD) tracks over 20,000 objects in space, and that number will increase dramatically as new, more capable sensors come online and are able to detect smaller objects. DoD publishes a catalog of space objects and makes notifications of potential conjunctions (that is, two or more objects coming together at the same or nearly the same point in time and space). As the number of space objects increases, however, this limited traffic management activity and architecture will become inadequate. At the same time, the contested nature of space is increasing the demand for DoD focus on protecting and defending U.S. space assets and interests.

The future space operating environment will also be shaped by a significant increase in the volume and diversity of commercial activity in space. Emerging commercial ventures such as satellite servicing, debris removal, in-space manufacturing, and tourism, as well as new technologies enabling small satellites and very large constellations of satellites, are increasingly outpacing efforts to develop and implement government policies and processes to address these new activities.

To maintain U.S. leadership in space, we must develop a new approach to space traffic management (STM) that addresses current and future operational risks. This new approach must set priorities for space situational awareness (SSA) and STM innovation in science and technology (S&T), incorporate national security considerations, encourage growth of the U.S. commercial space sector, establish an updated STM architecture, and promote space safety standards and best practices across the international community.

The United States recognizes that spaceflight safety is a global challenge and will continue to encourage safe and responsible behavior in space while emphasizing the need for international transparency and STM data sharing. Through this national policy for STM and other national space strategies and policies, the United States will enhance safety and ensure continued leadership, preeminence, and freedom of action in space. . . .

Sec. 3. Principles. The United States recognizes, and encourages other nations to recognize, the following principles:

(a) Safety, stability, and operational sustainability are foundational to space activities, including commercial, civil, and national security activities. It is a shared interest and responsibility of all spacefaring nations to create the conditions for a safe, stable, and operationally sustainable space environment.

(b) Timely and actionable SSA data and STM services are essential to space activities. Consistent with national security constraints, basic U.S. Government-derived SSA data and basic STM services should be available free of direct user fees.

(c) Orbital debris presents a growing threat to space operations. Debris mitigation guidelines, standards, and policies should be revised periodically, enforced domestically, and adopted internationally to mitigate the operational effects of orbital debris.

(d) A STM framework consisting of best practices, technical guidelines, safety standards, behavioral norms, pre-launch risk assessments, and on-orbit collision avoidance services is essential to preserve the space operational environment.

Sec. 4. Goals. Consistent with the principles listed in section 3 of this memorandum, the United States should continue to lead the world in creating the conditions for a safe, stable, and operationally sustainable space environment. Toward this end, executive departments and agencies (agencies) shall pursue the following goals as required in section 6 of this memorandum:

(a) Advance SSA and STM Science and Technology. The United States should continue to engage in and enable S&T research and development to support the practical applications of SSA and STM. These activities include improving fundamental knowledge of the space environment, such as the characterization of small debris, advancing the S&T of critical SSA inputs such as observational data, algorithms, and models necessary to improve SSA capabilities, and developing new hardware and software to support data processing and observations.

(b) Mitigate the effect of orbital debris on space activities. The volume and location of orbital debris are growing threats to space activities. It is in the interest of all to minimize new debris and mitigate effects of existing debris. This fact, along with increasing numbers of active satellites, highlights the need to update existing orbital debris mitigation guidelines and practices to enable more efficient and effective compliance, and establish standards that can be adopted internationally. These trends also highlight the need to establish satellite safety design guidelines and best practices.

(c) Encourage and facilitate U.S. commercial leadership in S&T, SSA, and STM. Fostering continued growth and innovation in the U.S. commercial space sector, which includes S&T, SSA, and STM activities, is in the national interest of the United States. To achieve this goal, the U.S. Government should streamline processes and reduce regulatory burdens that could inhibit commercial sector growth and innovation, enabling the U.S. commercial sector to continue to lead the world in STM-related technologies, goods, data, and services on the international market.

(d) Provide U.S. Government-supported basic SSA data and basic STM services to the public. The United States should continue to make available basic SSA data and basic STM services (including conjunction and reentry notifications) free of direct user fees while supporting new opportunities for U.S. commercial and non-profit SSA data and STM services.

(e) Improve SSA data interoperability and enable greater SSA data sharing. SSA data must be timely and accurate. It is in the national interest of the United States to improve SSA data interoperability and enable greater SSA data sharing among all space operators, consistent with national security constraints. The United States should seek to lead the world in the development of improved SSA data standards and information sharing.

(f) Develop STM standards and best practices. As the leader in space, the United States supports the development of operational standards and best practices to promote safe and responsible behavior in space. A critical first step in carrying out that goal is to develop U.S.-led minimum safety standards and best practices to coordinate space traffic. U.S. regulatory agencies should, as appropriate, adopt these standards and best practices in domestic regulatory frameworks and use them to inform and help shape international consensus practices and standards.

(g) Prevent unintentional radio frequency (RF) interference. Growing orbital congestion is increasing the risk to U.S. space assets from unintentional RF interference. The United States should continue to improve policies, processes, and technologies for spectrum use (including allocations and licensing) to address these challenges and ensure appropriate spectrum use for current and future operations.

(h) Improve the U.S. domestic space object registry. Transparency and data sharing are essential to safe, stable, and sustainable space operations. Consistent with national security constraints, the United States should streamline the interagency process to ensure accurate and timely registration submissions to the United Nations (UN), in accordance with our international obligations under the Convention on Registration of Objects Launched into Outer Space.

(i) Develop policies and regulations for future U.S. orbital operations. Increasing congestion in key orbits and maneuver-based missions such as servicing, survey, and assembly will drive the need for policy development for national security, civil, and commercial sector space activities. Consistent with U.S. law and international obligations, the United States should regularly assess existing guidelines for non-government orbital activities, and maintain a timely and responsive regulatory environment for licensing these activities.

Source: Trump, Donald. “Memorandum on National Space Traffic Management Policy.” June 18, 2018. Compilation of Presidential Documents, DCPD-201800431. Available online at https://www.govinfo.gov/app/details/DCPD-201800431

STEVE STICH, CREW DRAGON MISSION SUCCESS (MARCH 8, 2019)

With the SLS and Orion programs delayed again, NASA was hopeful that a public-private partnership would take its place. But in order to be successful, the spacecraft would have to be tested as rigorously as in earlier programs. In March 2019, SpaceX tested its “Crew Dragon” capsule with an un-crewed mission to deliver supplies, equipment, and a test dummy named Ripley. The Crew Dragon 2 capsule launched on March 2; it docked to the International Space Station the next day, where the crew opened the hatch, entered the capsule, and collected data. Five days later, it undocked and returned to Earth, where it was collected for further study.

In the remarks below, Steve Stich, deputy manager of Flight Development and Operations for NASA’s Commercial Crew Program, reacts to the splashdown of Dragon 2. With the success of the mission, NASA was finally close to traveling into space on an American spacecraft again.



It’s great to be here representing the Commercial Crew Program. What an outstanding day to be part of our program. We started our contracts in 2014 for these first missions, and to sit here today and talk about Demo-1 and how great the flight went and what we’re going to learn from it is just amazing.

I’d like to congratulate the SpaceX team on a phenomenal job getting the vehicles ready and executing the flight, and our whole NASA team that worked the mission. If you just think about the enormity of what happened in this flight and all of the prep that went into it—getting the pad refurbished at (Launch Complex) 39A, getting the flight control room set up, getting the vehicles built, getting the Falcon 9 ready, all of the analysis, all of the mission support that went into it, the simulations and the practice leading up to this flight over the last year or so—it’s just been a tremendous job.

I would say one of the things that we learned during this flight is the great relationship we have between the program and SpaceX. I would say our teams worked seamlessly back and forth with SpaceX, not only in the lead-up to the flight but in how we managed the flight through the Dragon mission management team, and then also working with Kenny Todd and the International Space Station Program. The space station program did a phenomenal job supporting our program while we were docked to station, on the way to station, and the international partnership as well, so it was a really great opportunity for this mission.

The last 24 hours have been exciting for us. You know we closed the hatch yesterday around noon (Central Time), got into the undock today around 1:31 a.m. (Central Time), did a few small separation burns to get away from station—if you watched that on NASA TV that was flawless—did about three separation burns to get down below station, executed the deorbit burn at about 6:52 a.m. Central Time and then landed just a few minutes ago at 7:45 a.m. (Central Time).

The vehicle is doing well. The recovery crews are out on the scene. They’ve already been around the spacecraft and made sure it was secure for personnel. It was a very calm day with low winds and low sea states, and one of the chutes kind of landed on the Dragon capsule; they’ve already gotten that off, so that’s going really well. It’ll probably take 30 minutes to maybe an hour to get it back on the ship.

When you look overall at this mission, it was a great dress rehearsal for Demo-2. We learned a phenomenal amount in the prelaunch timeframe about how to load the vehicle, and thinking forward to how we’ll put the crews in the vehicle. The ascent profile for this flight, we practiced the exact profile that Mike Hopkins and others will fly very soon—Doug Hurley and Bob Behnken (on Demo-2). We had the abort system—the crew escape system on Dragon—actually enabled for this flight, and we were able to see how that worked and we’ll get the data back and look at those triggers and how it performed.

On-orbit we got a lot of great data on the vehicle in terms of the thermal performance and power performance; the vehicle really did better than we expected. Then the rendezvous was phenomenal as we came in and checked out those sensors. During the attached phase of course we had cargo operations, and we’ll do the same thing both on Demo-2 and then Crew Dragon-1 and other missions. Then we did a robotic survey of the vehicle to look at the thermal protection system and other systems, and that went really well.

I will say one thing: this mission, it was only six days long. It was a sprint from start to finish, and thinking about where we’ve been in operations in that sprint, I think Kenny (Todd) would probably tell you the same thing—it was just a phenomenal job by the team. And then of course today, the undocking, watching how those systems performed, that went flawlessly. It’s a very tight sequence between undocking and de-orbit burn, how the nose cone performed, how the de-orbit burn was executed, then the entry was phenomenal.

We did have Ripley on board, an anthropomorphic test device, and that’s going to give us a lot of important data for the accelerations during both the ascent phase and then the entry phase under the parachutes and then landing. So we’ll collect that data, and then look at that.

Over the next few weeks, we’ll be doing post-flight reviews. In fact just next week we’ll have one for the launch vehicle and the ground segment at Kennedy Space Center (KSC), we’ll start reviewing that. And then subsequently we’ll do reviews with SpaceX on the orbit phase of the mission.

This flight really sets us up well for the rest of the year. The vehicle that’s hit the water in the Atlantic today will be the in-flight abort vehicle, and so one of the first things that’ll happen is the vehicle will come back to KSC and go over into the processing area and start getting refurbished for the in-flight abort test which should be in the June timeframe. And then the Demo-2 vehicle is in Hawthorne, CA getting ready for the first crewed mission. That’s in progress and going well. That work has continued all through the flight, so it will be a busy year for us with SpaceX with in-flight abort in the June timeframe and then Demo-2 later in the year with the first crewed mission.

I don’t think we saw really anything in the mission so far—and we’ve got to do to the data reviews—that would preclude us from having the crewed mission later this year.

If you look in the April timeframe we’re also getting ready for the Orbital Flight Test for Boeing, and that will happen very soon. So our program will transition after this mission and the data reviews into preparing not only for in-flight abort and Demo-2, but also the Orbital Flight Test—the uncrewed flight test—for Boeing, and that’ll be coming up in the April timeframe. Spacecraft 3, which is the Boeing vehicle, is coming together at the Commercial Crew and Cargo Processing Facility down in Florida. And (Boeing) is in the middle of a bunch of very critical testing right now out at El Segundo (California) to verify that the spacecraft can work successfully in space. And then later on this year we’ll have the Crew Flight Test for Boeing as well.

If you just look at all the activities in commercial crew, it’s a super busy time. In addition to this flight, in the last few weeks we did parachute tests for SpaceX and Boeing and so if you look at all of the activities to get ready for flying our crews, it’s just a very exciting time.

Again, congratulations to our SpaceX team and all of the NASA people across the country that worked so hard for many, many years on this flight. It really sets us up for the rest of the year, and it’s a super exciting time to be in commercial crew.

Source: Stich, Steve. “Demo-1 Post-Splashdown Remarks from Steve Stich.” March 8, 2019. NASA Blog. Available online at https://blogs.nasa.gov/commercialcrew/2019/03/

NASA’S DEEP SPACE EXPLORATION SYSTEM (MARCH 8, 2019)

On the same day that Crew Dragon 2, a private spacecraft, returned to Earth after its test flight, NASA released this statement about progress on the Orion crew capsule and the Space Launch System. These systems had been planned for years in various designs, and have been on the verge on cancellation many times. Its first mission carrying astronauts is not planned until 2023.



NASA will soon return humans to the Moon for decades to come, and the system that will transport astronauts from Earth to the Gateway near the Moon is literally coming together. Building on progress in 2018, most of the major manufacturing for the first mission is complete, and this year, teams will focus on final assembly, integration, and testing, as well as early work for future missions. NASA is focused on launching the first mission, Exploration Mission-1 (EM-1), in 2020 to send an Orion spacecraft on the Space Launch System (SLS) rocket from the modernized spaceport at Kennedy Space Center in Florida on an uncrewed test flight before sending crew around the Moon and back on the second mission, Exploration Mission-2 (EM-2) by 2023.



The Crew Capsule—Orion

For the Orion spacecraft that will fly on EM-1, engineers will continue stacking the crew and service modules together at Kennedy and performing tests to ensure the modules operate properly together. In the summer, the stacked modules will fly aboard the agency’s Guppy aircraft to NASA’s Plum Brook Station in Sandusky, Ohio, where together they will undergo thermal vacuum testing as well as electromagnetic interference and compatibility evaluations during a four-month test campaign. When Orion returns from Ohio, it will undergo final checks and processing before final preparations for launch and integration with SLS.

At the same time, Orion teams are also working on the spacecraft and other critical systems for the second mission that will carry a crew of astronauts around the Moon and back. Engineers will continue outfitting and testing the crew module, including pressuring the capsule to verify its structural integrity, powering it on for the first time to ensure it can route commands properly, and routing electrical and propulsion lines. Teams will also perform welding for the environmental control system and fit it for the outer back shells and heatshield.

In preparation for the first mission with crew, the agency will also test the spacecraft’s launch abort system this June to demonstrate that it can carry the crew to safety if an emergency were to happen on the way to space. During the three-minute test, called Ascent Abort-2, a booster will carry an Orion test vehicle to an altitude of 31,000 feet at more than 1,000 mph to test the launch abort system when the spacecraft is under the highest aerodynamic loads it will experience during a rapid climb into space.

The Rocket—Space Launch System (SLS)

Technicians at NASA’s Michoud Assembly Facility in New Orleans are nearly finished with production of the first flight’s core stage, the largest element of the most powerful rocket in the world. Technicians have almost completed outfitting the engine section, the complex bottom section of the core stage. Its sophisticated systems feed propellant to the four RS-25 engines. The section will be joined to the 130-foot-long liquid hydrogen propellant tank to form the stage’s aft section. The aft section will then be connected to the 66-foot forward section, which consists of the forward skirt, liquid oxygen tank, and intertank, in a horizontal configuration to form the full stage.

The four core stage engines for EM-1 will be delivered to Michoud later this year and installed into the core stage engine section. NASA’s Pegasus barge will move the completed stage to Stennis Space Center near Bay St. Louis, Mississippi, where all four engines will roar to life to test the completed stage.

The team at Stennis has already completed two engine tests this year, concluding a series of nine tests that began last August. This spring, NASA will mark a major milestone to complete testing of all engines for the first four SLS missions. Aerojet Rocketdyne has already started making the engines for additional flights with the goal of reducing the costs of manufacturing by at least 30 percent using smart manufacturing techniques.

The last structural test article for the core stage, a full-sized flight-like liquid oxygen tank, will arrive at Marshall Space Flight Center in Huntsville, Alabama, this summer on the Pegasus barge. Engineers will finish up structural testing on the intertank and liquid hydrogen tank and then begin with the liquid oxygen tank to push the hardware to the limits under forces that exceed what the hardware will experience in flight. Testing will also continue for multiple avionics and software systems this year as well.

Building and moving the 212-foot-tall core stage, the largest rocket stage that NASA has ever built, has been one of the most challenging aspects of SLS construction. NASA is applying this experience to the core stage for the second mission, which is already in production

Engineers at Marshall, are putting the finishing touches on the 30-foot-tall launch vehicle stage adapter that will connect the top of the core stage to the interim cryogenic propulsion stage, which was previously delivered to Kennedy. This year, Pegasus will deliver the adapter to Kennedy. The SLS booster team in Utah finished the ten solid rocket motor segments needed for EM-1 earlier this year, and they will also be delivered to Kennedy when needed, where they will join other booster parts.

For the second SLS flight, building is complete for most of the barrels, domes and other structures needed to build the core stage for EM-2. Nearly all the solid rocket motor sections for the boosters on the second mission are cast and being outfitted. Teams are beginning work on additional parts including the Orion Stage Adapter where other small payloads can be carried, the launch vehicle stage adapter and the interim cryogenic propulsion stage.

The Launch Team—Exploration Ground Systems

At Kennedy, the Exploration Ground Systems team also has a busy year ahead in 2019. The crawler team will finish engine maintenance and crawlerway conditioning, and engineers will complete testing of the mobile launcher in the Vehicle Assembly Building. In the spring, the mobile launcher will roll back out to Pad 39B for its final testing at the pad. NASA plans to award a contract for a second mobile launcher this year, allowing more flexibility for upcoming exploration missions.

At the pad, engineers will start to install a new liquid hydrogen tank that will be used for EM-2. In firing rooms 1 and 2, final upgrades will be made while the launch team finalizes the new countdown procedures for SLS. Teams across the agency will participate in flight simulations with the launch control center at Kennedy, mission control center at Johnson and the SLS Engineering Support Center at Marshall. By the end of 2019, EGS will begin processing the Orion crew capsule and SLS hardware for launch of EM-1.

Source: “NASA’s Deep Space Exploration System is Coming Together.” March 8, 2019. NASA Press Release. Available online at https://www.nasa.gov/feature/nasa-s-deep-space-exploration-system-is-coming-together

RESULTS FROM THE TWINS STUDY (APRIL 11, 2019)

From 2015–2016, astronaut Scott Kelly spent 340 days (known as the Year in Space) while his twin, Mark Kelly (himself a retired astronaut) stayed on Earth. The Twins Study was meant to show the long-term results of space travel, in the hopes of preparing for a manned trip to Mars. The first results of the study were released in April 2019. It found that while many changes were observed, most in the second half of the study; a majority of them were reversed once back on Earth. They concluded that while some care will need to be taken, for the most part, health can be maintained during extended spaceflight.



Results from NASA’s landmark Twins Study, which took place from 2015-2016, were published Thursday in Science. The integrated paper—encompassing work from 10 research teams—reveals some interesting, surprising and reassuring data about how one human body adapted to—and recovered from—the extreme environment of space.

The Twins Study provides the first integrated biomolecular view into how the human body responds to the spaceflight environment, and serves as a genomic stepping stone to better understand how to maintain crew health during human expeditions to the Moon and Mars.

Retired NASA astronauts Scott Kelly and his identical twin brother Mark, participated in the investigation, conducted by NASA’s Human Research Program. Mark provided a baseline for observation on Earth, and Scott provided a comparable test case during the 340 days he spent in space aboard the International Space Station for Expeditions 43, 44, 45 and 46. Scott Kelly became the first American astronaut to spend nearly a year in space.

“The Twins Study has been an important step toward understanding epigenetics and gene expression in human spaceflight,” said J.D. Polk, chief Health and Medical Officer at NASA Headquarters. “Thanks to the twin brothers and a cadre of investigators who worked tirelessly together, the valuable data gathered from the Twins Study has helped inform the need for personalized medicine and its role in keeping astronauts healthy during deep space exploration, as NASA goes forward to the Moon and journeys onward to Mars.”

Key results from the NASA Twins Study include findings related to gene expression changes, immune system response, and telomere dynamics. Other changes noted in the integrated paper include broken chromosomes rearranging themselves in chromosomal inversions, and a change in cognitive function. Many of the findings are consistent with data collected in previous studies, and other research in progress.

The telomeres in Scott’s white blood cells, which are biomarkers of aging at the end of chromosomes, were unexpectedly longer in space then shorter after his return to Earth with average telomere length returning to normal six months later. In contrast, his brother’s telomeres remained stable throughout the entire period. Because telomeres are important for cellular genomic stability, additional studies on telomere dynamics are planned for future one-year missions to see whether results are repeatable for long-duration missions.

A second key finding is that Scott’s immune system responded appropriately in space. For example, the flu vaccine administered in space worked exactly as it does on Earth. A fully functioning immune system during long-duration space missions is critical to protecting astronaut health from opportunistic microbes in the spacecraft environment.

A third significant finding is the variability in gene expression, which reflects how a body reacts to its environment and will help inform how gene expression is related to health risks associated with spaceflight. While in space, researchers observed changes in the expression of Scott’s genes, with the majority returning to normal after six months on Earth. However, a small percentage of genes related to the immune system and DNA repair did not return to baseline after his return to Earth. Further, the results identified key genes to target for use in monitoring the health of future astronauts and potentially developing personalized countermeasures.

“A number of physiological and cellular changes take place during spaceflight,” said Jennifer Fogarty, chief scientist of the Human Research Program at NASA’s Johnson Space Center in Houston. “We have only scratched the surface of knowledge about the body in space. The Twins Study gave us the first integrated molecular view into genetic changes, and demonstrated how a human body adapts and remains robust and resilient even after spending nearly a year aboard the International Space Station. The data captured from integrated investigations like the NASA Twins Study will be explored for years to come.”

Part of the record-setting one-year mission, the NASA Twins Study incorporated 10 investigations to advance NASA’s mission and benefit all of humanity. Scott participated in a number of biomedical studies, including research into how the human body adjusts to known hazards, such as weightlessness and space radiation. Meanwhile, Mark participated in parallel studies on Earth to help scientists compare the effects of space on a body down to the cellular level. The findings represent 27 months of data collection.

The Twins Study helped establish a framework of collaborative research that serves as a model for future biomedical research. Principal investigators at NASA and at research universities across the nation initiated an unprecedented sharing of data and discovery. Supported by 84 researchers at 12 locations across eight states, the data from this complex study was channeled into one inclusive study, providing the most comprehensive and integrated molecular view to date of how a human responds to the spaceflight environment. While significant, it is difficult to draw conclusions for all humans or future astronauts from a single test subject in the spaceflight environment.

“To our knowledge, this team of teams has conducted a study unprecedented in its scope across levels of human biology: from molecular analyses of human cells and the microbiome to human physiology to cognition,” said Craig Kundrot, director, Space Life and Physical Sciences Research and Application Division at NASA Headquarters. “This paper is the first report of this highly integrated study that began five years ago when the investigators first gathered. We look forward to the publication of additional analyses and follow-up studies with future crew members as we continue to improve our ability to live and work in space and venture forward to the Moon and on to Mars.”

The unique aspects of the Twins Study created the opportunity for innovative genomics research, propelling NASA into an area of space travel research involving a field of study known as “omics,” which integrates multiple biological disciplines. Long-term effects of research, such as the ongoing telomeres investigation, will continue to be studied.

NASA has a rigorous training process to prepare astronauts for their missions, including a thoroughly planned lifestyle and work regime while in space, and an excellent rehabilitation and reconditioning program when they return to Earth. Thanks to these measures and the astronauts who tenaciously accomplish them, the human body remains robust and resilient even after spending a year in space.

Source: “NASA’s Landmark Twin Study Reveal Resilience of Human Body in Space.” April 11, 2019. NASA Press Release. Available online at https://www.nasa.gov/press-release/nasa-s-landmark-twins-study-reveals-resilience-of-human-body-in-space
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1. Small-scale engine prototypes to emit microwaves at the speed of light are being experimented with, although the validity of the results obtained so far is a matter of scientific controversy. The scalability of this technology to engines large enough to produce useful thrust is unknown.
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