
When two U.S.  astronauts stepped on the lunar sinface on J u l y  20, 1969, 
they were, in a sense, the spiritual heirs ofJoseph Atterley, an early Aineri- 
can science-fiction writer, who imaginatively described A Voyage to the 
Moon in 1827. "After various trials," Atterley wrote, "and many successive 
improvements, in which our desires increased with our successes, we de- 
teniimed to penetrate the aerial void as far as we could." The romantic 
depiction of a "spacecraft" returning from the 1110011 (above) is by French 
illustrator Gustai~e Dork (1833-83). 



ace Effort 

News of U.S. space exploration gradually faded from Page One 
after Neil Armstrong's "one small step" to the lunar surface 11 
years ago, even as other nations began taking small steps of their 
own. Some, like France and Japan, have made giant leaps. The 
Soviets, unfazed by defeat in the symbolic moon race, have 
built up a broad-based program that, in terms of size, is second 
to none. What of the United States? NASA is a shadow of its 
former ebullient self-and is taking a back seat to the Pentagon. 
U.S. hopes center on the troubled space shuttle. Here, journalist 
John Noble Wilford reviews the history of the space effort; histo- 
rian Walter McDougall looks at developments abroad; NASA 
historian Alex Roland weighs the practical "payoffs" of space 
exploration against the disappointments; and historian Bruce 
Mazlish ponders the disparity between our achievements in 
space and the tepid public response. 

RIDING HIGH 

by John Noble Wilford 

On July 20, 1969, two American astronauts planted human 
bootprints on the gray regolith of the moon. It was one of the 
most impressive achievements in the history of Man, and it was 
recognized as such at the time. Yet, almost immediately, Con- 
gress and the White House took an ax to the budget of the Na- 
tional Aeronautics and Space Administration (NASA). There 
was no public outcry. While NASA, during the 1970s, sponsored 
a series of unmanned missions to Mercury, Venus, Mars, Jupiter, 
and Saturn, all of these explorations were fruits of initiatives 
begun during the '60s. Future space spectaculars, conceived dur- 
ing the '70s for implementation during the '80s and beyond, 
have, by and large, remained on the drawing boards. 
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The American space effort is not entirely dormant. Some- 
time in 1981. if no more technical problems intrude, a revolu- 
tionary flying machine, part spacecraft, part airplane, will blast 
off from the Kennedy Space Center in Florida. This vehicle, the 
soace shuttle Columbia, will carrv American astronauts into 
earth orbit for the first time in sixoyears. More importantly, it 
should usher in a new era in the space age, an era of routine 
orbital comings and goings. 

But even the space shuttle illustrates how times have 
changed. Its purpose-hauling freight into orbit-is more mun- 
dane than shooting for the moon. It has been built on a shoe- 
string budget, not with the lavish transfusions of cash that 
sustained Apollo. And the American Republic is not waiting 
breathlessly for the shuttle's success. 

Sputnik vs. "Stayputnik" 

By contrast, at the beginning of the space age almost a 
quarter century ago, nothing seemed more important to many 
Americans than getting something-anything-up into the sky. 
Do it, then count the cost and consider the possible substantive 
benefits. That was the attitude soon after the Soviet Union 
launched the satellite Sputnik 1 on October 4, 1957. 

At the time of Sputnik, the United States had already em- 
barked on a modest space program. In July 1955, President 
Dwight D. Eisenhower launched the Vanguard project, under 
the auspices of the Navy, as part of U.S. participation in the 
1957-58 International Geophysical Year. (Vanguard's mission 
was to put small, unmanned satellites into earth orbit.) Soon 
thereafter, the Soviets made a similar public commitment. Ini- 
tially, neither program received much public attention. 

Sputnik caught the Eisenhower administration by surprise. 
Its spokesmen sought at first to dismiss Sputnik as a "neat tech- 
nical trick" and "silly bauble." But Soviet Premier Nikita 
Khrushchev, more full of himself than ever, boasted that Sput- 
nik demonstrated the superiority of communism over 
capitalism. In a Cold War atmosphere, such a bald challenge 

John Noble Wilford, 47, is a science correspondent for the New York 
Times. Born in Murray, Ky., he received a B.S. from the University of 
Tennessee (1955) and an M.A. in Political Science from Syracuse Univer- 
sity (1956), and served for two years in the U.S. Army Counterintelligence 
Corps in West Germany. He came to the New York Times in 1965 after 
several years with the Wall Street Journal and Time magazine. He is the 
author of We Reach the Moon (1969) and The Mapmakers (1981). 
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"Fill 'er up-I'm in a 
race" was the caption of 

this 1961 Herblock 
cartoon. The impetus for 

U.S. space exploration was 
linked not to any 

compelling scientific 
rationale but to the 

political exigencies of the 
Cold War. 

0 1 9 6 1  by firblock in the Washington Posi. 

had a riveting effect. Dr. James R. Killian, Jr., the MIT president 
who became White House science adviser in 1957, later recalled 
that Sputnik "created a crisis of confidence that swept the coun- 
try like a windblown forest fire." The fire was only fanned when, 
in December 1957, the Navy's first Vanguard rocket blew up on 
the launching pad. Headline writers around the world dubbed 
Vanguard the "Stayputnik." 

Increasingly, Congress and the public demanded reassur- 
ance-and action. 

After the Vanguard embarrassment, Eisenhower unleashed 
the Army rocket crew in Huntsville, Alabama, led by Dr. 
Wernher von Braun, developer of the Third Reich's lethal V-2. 
Von Braun had been ready to launch a satellite for two years, 
but his proposals were repeatedly rejected out of deference to 
Vanguard. On January 31, 1958, Von Braun's Jupiter-C rocket 
fired the 14-kg. Explorer 1 satellite into orbit.* Encouraged by 
success, Washington now made plans for an even more ambi- 
tious program. The space race was on. 

But what team would the United States field? The Army, 
Navy, and Air Force all vied for the assignment. So did the 
Pentagon's Advanced Research Projects Agency. So did the 
Atomic Energy Commission. 

And then there was the National Advisory Committee for 
Aeronautics (NACA), an obscure group of part-time scientific 

1 kilogram is approximately 2.2 pounds 
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- - - - - - -- 

consultants who oversaw the operation of a handful of federal 
flight-technology laboratories. Science adviser James Killian 
was impressed by the "special charm" of the sleepy little 
agency. It had some of the best engineering talent in the country, 
was under civilian control (which Eisenhower preferred), was 
too little known to have been caught up in partisan politics, and 
was a stranger to the red tape of government bureaucracy. 
NACA got the job. 

Reconstituted as the National Aeronautics and Space Ad- 
ministration in October 1958, the agency drew under its um- 
brella NACA's five labs and 8,000 technicians; the California 
Institute of Technology's Jet Propulsion Laboratory; the Navy's 
Vanguard project; and the Army's 4,000-man Von Braun rocket 
team. At the insistence of Congress, however, the Pentagon was 
allowed to maintain a separate space effort. 

NASA started out with a budget of $330 million. It was 
simply assumed that America's expanded space program, like 
the USSR's, would include a manned space effort, and NASA 
acted on that assumption. With a sheaf of engineering designs 
from the old NACA files, the agency immediately called for bids 
to build a manned spacecraft. By December, 1958, NASA an- 
nounced that it would begin recruiting astronauts from the 
ranks of test pilots. (Seven were eventually chosen.) Within a 
year after Sputnik, Project Mercury was under way. 

Not everyone was comfortable with this swift turn of events. 
In a 1960 speech, shortly after he left the White House, Killian 
reflected the concerns of many scientists: 

It may be argued that our man-in-space program is try- 
ing to proceed too fast and that it is on the way to be- 
coming excessively extrava ant and will be justified 
only as a competitor for wor 7 d prestige with the Soviet 
man-in-space program. Many thoughtful citizens are 
convinced that the really exciting discoveries in space 
can be realized better by instruments than by man. 

But competition for world prestige was not a trivial matter dur- 
ing the Cold War-if it ever is for a world power-and the 
manned flight planners were not to be denied. 

Emerging from these formative months of the space pro- 
gram were several trends and conflicts that persist. They were: 

Â Two national space efforts. One is open, highly visible, 
and civilian-controlled-the NASA program of manned flight, 
scientific and commercial "applications" satellites, and the 
unmanned exploration of the planets. The other is military and 
conducted mostly in secret-the Pentagon program of picture- 
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taking "spy" satellites and of orbital vehicles for military com- 
munications and navigation. 

T A split between the advocates of manned and unman- 
ned space exploration. Eisenhower and Killian had favored the 
latter, but post-Sputnik momentum gave more life to the 
former. The manned space program in NASA eventually became 
the tail wagging the dog. 

Â An uneasy coexistence between scientists and engineers 
within NASA. The engineers built the rockets, designed the elec- 
tronics, and developed all the other systems without which 
there could have been no space flight. Inevitably, they assumed 
operational control of the space program. The engineers gen- 
erally pushed manned flight because it represented the greatest 
engineering challenge. Scientists chafed at their secondary role. 
They feared, too, that the expense of manned space flight would 
drain money away from non-space research. 

Promising the Moon 

On a pledge to "get this country moving again," John F. 
Kennedy was elected President in 1960. The economy was slug- 
gish, there was concern about a "missile gap," and, for all its 
efforts, the United States still lagged behind the Soviet Union in 
space. On April 12, 1961, less than four months after Kennedy's 
inauguration, the Russians jumped further ahead by putting the 
first man into orbit, Yuri A. Gagarin. 

Kennedy called a meeting two nights later with James E. 
Webb, a North Carolina lawyer-businessman and the new head 
of NASA. "Can we go around the moon before them? Can we put 
a man on the moon before them?" Kennedy asked, according to 
Hugh Sidey, a Time correspondent who happened to be at the 
White House that night. Kennedy listened to a recitation of 
problems and costs. "If somebody can just tell me how to catch 
up," he said finally, "there's nothing more important." 

The Bay of Pigs fiasco came three days later. Kennedy was 
now more concerned than ever that something be done to en- 
hance the American image abroad-and, not incidentally, his 
own political prospects at home. He asked Vice President Lyn- 
don Johnson, a space enthusiast, to explore in detail the possi- 
bility of a moon landing to "leapfrog" the Soviets. As the nation 
cheered Alan B. Shepard's first Mercury flight (a 15-minute sub- 
orbital hop on May 5, 1961, hardly in the Gagarin orbital class), 
NASA and Pentagon officials hammered out the final version of 
the moon-landing plan for Johnson. On May 25, President Ken- 
nedy announced his decision to the world: 
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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. No single space proj- 
ect in this period will be more exciting, or more impres- 
sive to mankind, or more important for the long-range 
exploration of space. 

It was a typically American response, optimistic and expan- 
sive. Congress went along, after little debate, and mobilization 
for the Apollo Project got under way. The building of the neces- 
sary rockets, spacecraft, and ground-support facilities would re- 
quire the concerted efforts of scores of university laboratories, 
some 20,000 industrial contractors, and more than 400,000 
technicians and skilled workers-at a total cost of about $24 
billion. It was a massive enterprise. 

It was also well managed. One of the agency's first decisions 
was to reject the "arsenal" model: creating manufacturing facil- 
ities owned and operated by the government. While this was the 
Army's approach, NASA instead followed the Air Force's lead 
and farmed out most of its work to private companies like 
McDonnell and Rockwell International. It thus could draw on 
the full range of American know-how -and remain unencum- 
bered by a large, permanent bureaucracy. (At the peak of the 
Apollo program, NASA had only 36,000 employees.) 

The concept also had the political advantage of spreading 
the Apollo wealth to every state of the Union. When Washington 
Congressman Thomas Pelly, a sometime critic of the Apollo pro- 
gram, toured Cape Canaveral in 1963, a NASA official was there 
to make sure he saw the manufacturer's name on a huge crane: 
Colby Crane Corp., a Seattle company. The roots of Apollo 
spread deep into the U.S. economy. It was pork-barrel politics, 
but it ensured that NASA would not be a victim of neglect. 

NASA also adopted something called PERT-for Program 
Evaluation and Review Technique-which had been developed 
by the Navy for the Polaris missile project. Under PERT, each 
project manager sorted out all the tasks that had to be done, 
established when they had to be done and in what sequence, and 
determined how long each should take. The result was a row of 
parallel paths charted from the beginning of the project, run- 
ning past critical points, and converging toward the end in a 
finished product. Without PERT, there might have been chaos. 

But the Apollo program did not go uncriticized, even at the 
outset. Former President Eisenhower, during a 1963 breakfast 
with Republican Congressmen, called the venture "nuts," and 
Philip Abelson, editor of the influential journal Science, told 
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Congress that same year that an informal straw poll of "scien- 
tists not connected by self-interest to NASA" had resulted in a 
110 to 3 vote against the manned lunar program. 

Opinion polls conducted during the 1960s are revealing. 
Public approval of the U.S. space program generally jumped 
after a successful Russian effort; the approval rating was almost 
unaffected by American achievements. Further, when respond- 
ents were given a list of certain government activities and asked 
which ought first to be cut out of the budget in the event of a 
financial crisis, the space program usually appeared on top. 
Even after the Vietnamese communists' 1968 Tet offensive de- 
moralized Washington, people were most willing to cut off fund- 
ing for Apollo, least willing to trim spending for the Vietnam 
War." 

Tragedy and Triumph 

But support for the space effort remained strong in Con- 
gress. where it mattered. No NASA administrator before or since 
L J ,  

knew how to play Washington's political game better than 
James Webb, who skillfully cultivated his benefactors on 
Capitol Hill. He was particularly fortunate to have as an ally 
Olin Teague, the abrasive but powerful Texas Democrat who 
headed the House subcommittee on manned space flight. 
"Tiger" Teague was known as a fiscal conservative, not one to 
back foolish schemes. When he stressed the military potential of 
space, the danger of yielding mastery of the high frontier to the 
Soviets, and the "whole spectrum of scientific and technological 
accomplishment" that would flow from Apollo to every congres- 
sional district, his Hill colleagues listened. 

By the time of John F. Kennedy's assassination on 
November 22, 1963, the six manned Mercury flights were over, 
and the interim two-man Gemini Project was under way. The 
Gemini flights in 1965-66 clearly advanced the United States 
beyond known Soviet capabilities. The lunar-landing goal now 
seemed within easy reach. 

Then tragedy struck. On the afternoon of January 27, 1967, 
fire erupted in the first Apollo spacecraft during a launch-pad 
test, killing astronauts Virgil "Gus" Grissom, Edward White, 
and Roger Chaffee. When NASA and congressional investigators 
uncovered evidence of poor workmanship and lax quality con- 
trol, the Apollo spacecraft had to be redesigned, causing an 18- 
month delay - and a new round of embarrassing questions 

S e e  John V. Moeser, The Space Prograin and the Urban Problem, Washington: George Wash- 
ington University, 1969. 
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"NOTHING NEW" 

On May 5,1961,  astronaut Alan B. Shepard, Jr. became the first Ameri- 
can to be launched into space. For all the excitement on  the ground, 
Shepard himselfsimply sat in his capsule, like the chimpanzee that had 
made a similar flight three months before. As Tom Wolfe observes in 
The Right Stuff, Shepard found the experience to be anticlimactic: 

The gauges told him he was weightless. After reaching this point so 
many times on the procedures trainer, he knew he must be weight- 
less. But he felt nothing. He was so tightly strapped and stuffed into 
this little human holster there was no way he could float as he had in 
the cargo bays of the big C-13 1s [Samaritans]. He didn't even experi- 
ence the tumbling sensation he felt when riding backseat in the 
F-100s [Supersabres] at Edwards. It was all milder!-easier! No 
doubt he should say something to the ground about the sensation of 
weightlessness. It was the great unknown in space flight. But he 
didn't feel anything at all! He noticed a washer floating in front of his 
eye. . . . It was just floating there in front of his left eye. That was the 
only evidence his five senses had to show that he was weightless. . . . 
He had no sensation of speed at all, even though he knew he was 
going Mach 7, or about 5,180 miles an hour. There was nothing to 
judge speed by. There were no vibrations at all in the capsule. . . . It 
was as if he were standing still, parked in the sky. The sounds of the 
interior of the capsule, the rising and falling and whirring and moan- 
ing of the inverters and the gyros . . . the cameras, the fans . . . the 
busy little kitchen-they were exactly the same sounds he had heard 
over and over in the simulations inside the capsule on the ground at 
the Cape. . . . There was nothing new going on! . . . He knew he was in 
space, but there was no way to tell it! . . . He looked out the peri- 
scope, the only way he had of looking at the Earth. The goddamned 
gray filter! He couldn't see any colors at all! He had never changed 
the filter! The first American to ever fly this high above the Earth- 
and it was a black-and-white movie. Nevertheless, they'll want to 
know about it-"What a beautiful view!" he said. 

From The Right S t u f f  b.v Tom Wolfe, C o m g h l  (c) 1979 by Tow wolfe ~ e p r i n t e d  by permission of Farrar, Siraus and Gironx. lnc 

"Securing the Hatch" 
by Robert McCall. 
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MANAGING INFINITY 

How much freedom should nations have to explore space? What 
kinds of military activities should be barred? How much "space 
law" do we need? 

As the space age began in 1958, an enthusiastic United Nations 
deemed space law to be within its purview and set up the Committee 
on the Peaceful Uses of Outer Space (COPUOS). COPUOS has since 
midwived most of what little space law there is, including the 1967 
Outer Space Treaty (which prohibited claims of national sovereignty 
in space and extended the UN charter to the heavens) and several 
"conventions" governing astronaut rescue (1968), damage liability 
(1973), and spacecraft registration (1976). Other agreements, includ- 
ing the controversial Draft Treaty on the Moon, are pending. 

"Space for peace" advocates criticize the vagueness of space law 
and the lack of strict international controls. Where "air space" 
leaves off and "outer space" begins, for example, has never been 
defined. Nor has the distinction between "aggressive" and "mili- 
tary" use of space. There is no legal formula to ensure that space 
exploration is actually carried out "for the benefit of all mankind." 

In the early years, many critics felt that subsuming all national 
space programs under some new UN agency was the only answer. 
That approach still has obvious drawbacks. First, the United States 
and Soviet Union will not accept it. Second, historically, technology 
has developed most efficiently in the hands of an integrated national 
team. Third, too much international regulation would stifle compe- 
tition. It is significant that nations advocating detailed regulation 
are those without space programs. 

Some observers, like Herbert Reis, counsel to the U.S. Mission to 
the United Nations, defend the current reliance on "vague princi- 
ples" as the only practical means of guiding man's future in space. 
Technology moves too fast-and legal committees move too 
slowly-for close regulation. Better, then, to rely on the "spirit" of 
the law. The spirit may be unenforceable, but so is all international 
law, no matter how carefully crafted. 

As for the militarization of space, the issue is not clear-cut. Certain 
prospects-orbiting A-bombs and testing nuclear weapons in outer 
space-are, of course, horrifying, but both have been outlawed. 
(Space-based atomic weapons proved to be impractical anyway, as 
both Washington and Moscow discovered.) Other military uses of 
space are, perhaps, laudable. Spy satellites, for example, deter sur- 
prise attacks and help verify arms control agreements. Futuristic 
space weapons such as lasers-designed to neutralize satellites and 
missiles-could one day render obsolete the megaton monsters of 
the current "primitive" nuclear missile age. 
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about the whole effort. By this time, NASA was relying more on 
sheer momentum than popular good will to see Apollo through. 

Finally, on July 16, 1969, Apollo 11 was launched into the 
history books. Four days later, astronaut Neil A. Armstrong 
made his "giant leap for mankind" as he stepped down to the 
dead lunar surface. President Kennedy's goal had been 
achieved, within the decade, even as manned Soviet spacecraft 
were still confined to low earth orbit. 

Now the question became: What next? 

Banished from Eden 

With the end of the "beat-the-Russians" era came a long, 
troubled period of adjustment for NASA that has not yet ended. 
NASA should not have been surprised. From a peak budget of 
nearly $6 billion in 1965, at  the height of Apollo development, 
NASA's fortunes had been declining every year. Several 
"follow-on" proposals had either been rejected, postponed, or 
scaled down. NASA, nonetheless, counted on a tide of Apollo 11 
enthusiasm to float its bold plans for the future. To a presiden- 
tial panel reviewing space policy for the post-Apollo period, 
NASA's Thomas 0. Paine proposed as "the next natural step'' 
permanent space stations in earth orbit, bases on the moon, 
manned flights to Mars by the mid-1980s (or at least by the end 
of the century), and a fleet of reusable "spaceplanes" for shut- 
tling to and from space. 

But NASA had misread the national mood. While President 
Richard M. Nixon declared Apollo 11 to be the greatest event 
since the Creation, his administration now seemed to feel that 
expulsion from the Garden of Eden was the next logical step. 
Political support for space had never been weaker. The racial 
and campus turmoil of the late 1960s had prompted much of the 
press and some politicians to view the space effort as the 
paramount symbol of "misplaced national priorities." With 
detente, the Soviet threat no longer seemed so ominous. New 
antitechnology tremors were felt throughout the land-against 
nuclear power, atomic weapons, even automobiles. 

NASA was told to scrap its plans for large space stations and 
manned missions to Mars. Three lunar landings were cancelled. 
A "grand tour" of the outer planets by robot spacecraft was 
abandoned. Prepare to make do with budgets well below $4 
billion, NASA was informed, and inflation be damned. The only 
major proposal to survive was the spaceplane-the shuttle. 

As originally conceived, the space shuttle featured two 
components, both reusable. One would be a big rocket booster 
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I THE U.S. SPACE SHUTTLE 

Source: National Aeronautics and Space Administration. 

the size of a Boeing 747 airliner that would provide the initial 
thrust, then be piloted back to runway landings and used again. 
The second stage would be an "orbiter" the size of a Boeing 707 
airliner, which would ride atop the booster and, after separa- 
tion, propel itself into orbit. When its mission was accom- 
plished, it too would be flown back for a runway landing, and 
likewise reused. By eliminating throwaway rockets and one- 
flight spacecraft, NASA believed that a fleet of shuttles would, in 
time, dramatically reduce the cost of space flight. 

Staggered by the $10 billion price tag, President Nixon's 
Office of Management and Budget sent the proposal back to the 
drawing board. NASA designed a less expensive ($6 billion), 
partly reusable shuttle. The orbiter (smaller, about the size of a 
DC-9) would still be piloted and capable of return and reuse. But 
its fuel tank would be jettisoned and destroyed, and its unman- 
ned rocket boosters would drop by parachute into the ocean and 
have to be recovered and extensively refurbished before reuse. 
Dr. James C. Fletcher, the NASA Administrator at the time, per- 
suaded President Nixon to buy a fleet of five low-budget shut- 
tles. The project was officially announced in Janaury 1972. 

Seven years later, when the planned 1979 launching date 
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came and went and the shuttle Columbia was still on the 
ground, plagued by engine failures and a suspect heat- 
protection coating, the administration of Jimmy Carter grew 
concerned. Its appointed "blue-ribbon" consultants discovered 
that, while the shuttle's basic technology was sound, the pro- 
gram had suffered from years of economic malnutrition. Rather 
than asking for more money-and risking possible cancellation 
-NASA had taken engineering shortcuts and stretched out pro- 
curements, a practice that deferred (but increased) costs. A 
"routine" fire in 1979 caused a four-month hiatus in the engine " 
test program; in Apollo, there would have been spares enough to 
allow testing to resume in days. "We tried to poorboy it and got 
caught." one NASA official remarked. .., , 

Once such problems were understood, the Carter adminis- 
tration agreed to back substantial increases in shuttle expendi- 
tures for 1980 and 1981, and Congress reluctantly went along. 
Yet the forces influencing the positive decision had changed 
since Project Mercury days. 

A New Beginning? 

The most important factor now was the Pentagon. Since 
1958, the United States has spent some $120 billion on space, of 
which about $50 billion has gone to military-related activities. 
While the civilian program used to get the heftier share by far, 
the Defense Department now takes one-half of the annual space 
pie. Concern over Soviet "killer" satellites and laser and 
particle-beam weapons virtually guarantees that the Pentagon's 
stake in space will continue to increase. The Defense Depart- 
ment has been counting on the shuttle (which will have at least 
two vehicles in service at all times) to deliver its communica- 
tions and reconnaissance satellites. Without military backing, in 
my opinion, the space shuttle would now be dead. 

A secondary pressure was commercial. After 4 test flights, 
according to NASA, 2 shuttle flights booked by paying custom- 
ers-for communications satellites, primarily-are planned for 
1982,9 for 1983, 17 for 1984,20 for 1985, and 22 for the first half 
of 1986. As the shuttle's prospects lapsed into uncertainty, these 
customers were nervously pressing Washington for reassurance, 
even threatening to take some of their business to the European 
Space Agency's Ariane rocket, which is now being tested. 

A third factor was scientific. Only a few major scientific 
missions are planned for the 1980s, but all of them-Galileo to 
orbit Jupiter and probe its atmosphere; an American-European 
mission to orbit the poles of the sun; the Space Telescope for 
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viewing distant reaches of the universe-depend on the shuttle. 
As the focus of interest has shifted, so has the locus of bu- 

reaucratic power. Aware of its leverage, the Defense Department 
is pushing for an independent manned space program. The Na- 
tional Oceanic and Atmospheric Administration has assumed ad 
hoc responsibility for earth-resources satellites, prior to estab- 
lishment of some new agency to take over the burden. Com- 
munications satellites are now within the domain of Comsat, of 
private corporations, and of the military. 

Where will that leave NASA once the shuttle is operational? 
There have been several proposals. One is to merge the 

NASA and Pentagon space programs. To my mind, that would 
put an end to one of the most appealing aspects of the American 
venture into space: its openness, in failure and success. Another 
idea is to reduce the agency to a "service" organization respon- 
sible for supervising orbital traffic (as a kind of Federal Aviation 
Administration) and for conducting R & D in the basic technolo- 
gies of space flight (A la NACA). That would be a comedown from 
the glory days, but these are still important functions. 

The real issue facing the U.S. space program is not that of 
institutional rivalries but that of rationale. There are good ar- 
guments for going into space-for national defense, for the bene- 
fits that communications and applications satellites will con- 
tinue to provide, for solar energy, for manufacturing, even for 
sheer curiosity. These are solid reasons. They were, in my view, 
undersold from the start. 

Instead, Washington played on America's emotions, produc- 
ing a one-shot burst of adrenalin that has by now all but petered 
out. In effect we tricked ourselves into doing what could have 
been justified with calm logic. The result today is lack of public 
interest, lack of will, and lack of purpose. 

Man is going to make himself at home in space, just as he 
will come to rely on the sun and the atom for energy. I find it 
inconceivable that, 100 years from now, we will not be plying 
the heavens with skill-and at a profit. Will we try to postpone 
the inevitable? Or will we draw up a comprehensive new blue- 
print for space exploration, spell out the rationale, and then 
stick to it? 

EDITOR'S NOTE: Next February, NASA will sponsor a two-day scholarly confer- 
ence at Y a k  University on the history of the global space effort, the first major 
gathering of its kind. The participants will include WQ contributors John Noble 
Wilford, Walter McDougall, and Bruce Mazlish. 
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THE SCRAMBLE FOR SPACE 

by Walter A. McDougall 

A thumbnail definition of a great power between the two 
world wars might have been: "A nation that builds its own air- 
planes." The updated version would be: "A nation that launches 
its own spacecraft." While the United States and the Soviet 
Union are still the Big Two, and remain the only nations capable 
of orbiting satellites at will, the diffusion of space technology 
has already begun. 

Leaving aside the United States and the Soviet Union, five 
nations (France, Britain, China, Japan, and India) have devel- 
oped rockets to launch payloads into orbit. Six other states 
(West Germany, Italy, the Netherlands, Spain, Canada, and Aus- 
tralia) have constructed entire spacecraft for launch by others. 
Through participation in such international organizations as 
Intelsat and the World Meteorological Organization, or by con- 
tributing hardware and experiments to joint satellite ventures, 
almost any regime can now have a "space agency." 

Two jolts, one military, the other commercial, prompted 
third countries to stake out their claims on the high frontier. 

The first was the Soviet launching of Sputnik 1, atop an in- 
tercontinental ballistic missile, on October 4, 1957. The real sig- 
nificance of Sputnik lay less in the satellite (whose radio trans- 
mitter merely went "beep beep" to permit tracking) than in the 
rocket that put it into orbit. Soviet development of an ICBM 
poked holes in the Free World's U.S. "nuclear umbrella" and 
obliged every nation in the world to reappraise the balance of 
power, the "trend of history," and its own defense posture. 

The second jolt was the vigorous American reaction to Sput- 
nik. Anxious to leapfrog the Russians and reassure allies and 
nervous neutrals, Washington helped to underwrite an R&D 
revolution that, by the mid-1960s, threatened the rest of the in- 
dustrialized world with a widening "technology gap." The im- 
plications were sobering. "History clearly shows," warned 
France's science minister, Gaston Palewski, in 1963, "that the 
independence of nations and their ability to survive are inti- 
mately bound up with their scientific efforts." 

France led Europe into the space age. When Sputnik flew in 
1957, France was smarting from the bitter memory of Dien Bien 
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Phu and the Suez crisis, and the pains of civil war in Algeria. Po- 
litically, the country was in turmoil. In 1958, Charles de Gaulle 
was called out of a restless retirement at Colombey-les-deux- 
Eglises to lead the Fifth Republic. 

De Gaulle's certaine idke of the future of France encom- 
passed more than la gloire and distrust of "the Anglo-Saxons." It 
depended above all on technological self-sufficiency, both mili- 
tary and economic. Between 1959 and 1963, France's R&D 
spending quadrupled, with much of the new money oing to two 

I 2  new aerospace agencies-the Centre National d' tudes Spa- 
tiales (CNES) and the Office National d'fitudes et de Recherches 
Aerospatiales (ONERA)-and to the Societk pour l'fitude et la 
Realisation dlEngins Ballistiques (SEREB), which would be re- 
sponsible for the initial development of both military and civil- 
ian rockets. 

Dix, Neuf, Huit . . . 
The emphasis at first was decidedly military. Declaring the 

U.S. deterrent unreliable (would Washington really risk New 
York to save Paris?), de Gaulle pushed ahead on a nuclear missile 
program of his own-the celebrated force de frappe (or "strike 
force"). The French had begun their rocket program by experi- 
menting with the old German V-2s that had been divided among 
the allies after the war. Development of homemade launchers 
under the direction of SEREB came after 1959. By 1972, France 
was installing nuclear warheads in its atomic-powered subma- 
rines, and in silos buried deep in the Massif Central. 

By the time France emerged from the Algerian debacle in 
1962, national defense had been married to sheer economic sur- 
vival as the Gaullist rationale for a national leap into aerospace. 
President Kennedy had embarked upon the Apollo program, 
and the Americans, as one French economist noted, had dis- 
covered the "keys to power": state-supported R&D in "point 
sectors" to aid in spreading revolutionary new techniques 
throughout the economy. The technology gap between Europe 
and America seemed as vast as the Atlantic. 

The French set out to replicate American "space age man- 
agement" and, through SEREB, stepped up development of 

Walter A. McDougall, 33, is assistant professor of history at the University 
o f  California, Berkeley. Born in Washington, D.C., he received his B.A. 
from Amherst College (1968) and his Ph.D. from the University of Chicago 
(1974). He is the author of France's Rhineland Diplomacy, 1914-1924 
(1978), and is currently writing a political history of the early space age. 
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THE WORLD'S ROCKETS COMPARED 
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Source: European Space Agency.  

their "precious stones" series of boosters (Agate, Topaze, Rubis, 
etc.). France became the world's third space power in 1965 when 
a Diamant rocket, launched from Hammaguir in the Algerian 
Sahara, put the satellite Asterix into orbit. The French national 
effort has continued apace, as have various cooperative ven- 
tures. Two French pilots began training last July for a joint 
space flight with Soviet cosmonauts in 1982. 

The goal of a vigorous French space program was not to 
match the United States or the Soviet Union. As the French saw 
it, Europe as a whole was destined to evolve away from its eco- 
nomic and technological dependence on the United States, and 
Gaullist France must be first among European equals. French 
missile chief General Robert Aubinikre promised in 1967 that 
"the space program will put our industry in a favorable position 
in relation to the competition that will develop in Europe." 

That France has largely succeeded in this aim is due in part 
to the ambivalence of Great Britain. Space research in Britain 
has suffered, since the late 1950s, from a dizzy bureaucratic 
roundelay in which responsibility for space programs has been 
assigned to no less than nine ministries. The incoherence of the 
U.K.'s space effort reflects a larger confusion over the role of 
Britain in a postcolonial world, and over the role of R&D in a 
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postindustrial society. Where the French have sought economic 
independence in the long term, regardless of the immediate 
costs, the British have resisted duplication of technology, such 
as rocket launch service, available from the United States. The 
foot dragging of the Queen's representatives in joint European 
space efforts has earned them the sobriquet, "the delegates from 
the United States." 

Britannia Steps Aside 

The British, who clung to their status as a nuclear power 
during the 1950s with their V-bomber force, reacted to Sputnik 
by throwing in the towel. Britain decided, in effect, no longer to 
pretend being a great power. Although the British at the time 
had a headstart among the Europeans in missile development 
-prototypes of its Blue Streak and Black Knight missiles were 
nearing completion-the U.K. cancelled its military missile pro- 
gram and chose henceforward to rely on the United States. In- 
stead of using its booster technology to launch a civilian space 
program. Whitehall offered its unfinished Blue Streak rocket as 
the first stage of a proposed pan-European space booster. The 
reasons were predominantly fiscal, partly strategic, and to no 
small degree wolitical. "The critical lead which Britain should 
have taken a t  that moment," Sir Bernard Love11 observed in 
1972, "evaporated almost entirely as politicians sought to ingra- 
tiate themselves with the Euro~ean  communitv."~ 

Admittedly. the idea of a ioint swace venture seemed to 
d ,  

make sense. European politicians were already groping toward 
some sort of fragile unity through the nascent European Eco- 
nomic Community; surely a cooperative space effort would 
strengthen the bond. Moreover, financing a go-it-alone space 
program would be an unbearable burden for most governments 
on the continent; together, the feat was manageable. Such at 
least was the thinking behind two agencies established during 
the early 1960s: the European Launch Development Organiza- 
tion (ELDO) and the European Space Research Organization 
(ESRO). The two agencies soon became textbook examples of 
how not to run a space program. 

ESRO was designed to secure a share of the world's space 
exploration for ~ u r o ~ e a n  scientists and businessmen. I& 10 

London  had a tentative change of heart in 1964 and began development, on a shoe-string 
budget, of the Black Arrow booster. The program prospered, and in 1971, a Black Arrow 
rocket successfully launched the satellite Prospero into orbit from Woomera, in South Aus- 
tralia. The Black Arrow project was then cancelled. It has been said, with some justice, that 
the British notion of R&D is to forget the D. 
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PUTTING FIRE INTO HEAVEN 

The spring of 1978 was not kind to General Mobutu Sese Seko, Presi- 
dent of the Republic of Zaire, formerly the Belgian Congo. On May 
11, Katangan rebels had invaded his nation's Shaba province. Then, 
on June 5, flanked by guards, Mobutu watched as a small rocket 
built by a West German firm called Orbital Transport-und-Raketen- 
Aktiengesellschaft (OTRAG) rose a few feet off the Split Behind pla- 
teau only to plunge 4,000 feet into a river valley below. It was 
OTRAG's last hurrah and Zaire's last venture into the space race. 

OTRAG had been founded in 1975 by engineer Lutz Kayser with 
(ultimately) $60 million from 1,100 German investors seeking a tax 
shelter. The rationale behind the world's first private space enter- 
prise was simple: With a low-cost "toy mouse" rocket, Kayser hoped 
to siphon off Third World demand for satellite launchings from 
Europe's sleek Ariane and the sophisticated U.S. space shuttle. 
Using the shuttle to put satellites in orbit, Kayser was fond of saying, 
"is like transporting bags of cement in a Rolls Royce." 

What came to be dubbed the "Volksrocket" resembled a bunch of 
asparagus, with the number of "spears," or rockets, varying accord- 
ing to the size of the payload. Whenever possible, OTRAG used mass- 
produced, commercially available components. The motors for 
opening the rocket fuel valves, for example, were ordinary $20 Bosch 
automobile windshield wiper motors. 

All OTRAG needed was a spacious launch site-and a sponsoring 
government to circumvent the United Nations' 1967 ban on "free- 
lance" space travel. Zaire's Mobutu, eager to make his country the 
'Cape Canaveral of Africa," stepped forward in 1976 with an offer of 
39,000 square miles of undulating plateaus and lush river valleys-a 
territory one-half the size of West Germany, within which OTRAG 
would exercise virtual sovereignty. In return, Zaire was to receive a 
$50 million annual rental (beginning in 1980), 5 percent of eventual 
revenues, and one free launch. By 1977, some 240 OTRAG personnel 
were settled in northern Shaba province. Whenever a launch was 
imminent, the natives were evacuated to a "big festival." The first 
two tests were successful, and Lutz Kayser became known locally as 
"the white friend who puts fire into heaven." 

Neighboring Tanzania, Zambia, and Angola, however, were not 
pleased. There were rumors, never confirmed, that OTRAG was in 
fact testing Western military cruise missiles. Soviet propagandists 
warned of "the German spear in the heart of Africa." West Ger- 
many's Chancellor Helmut Schmidt regarded the whole affair as 
"embarrassing." Facing diplomatic pressure from all sides, and 
stung by the inglorious failure of OTRAG's third launch, in 1979 Mo- 
butu ordered the company to cease all rocket tests. The white friend 
went home, his 'iVolksrocket" destined for immortality as a write-off 
on 1,100 tax returns. 
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member governments proposed to design payloads for sounding 
rockets and satellites, and to share and analyze data from 
European experiments aboard NASA (and, eventually, ESRO) 
satellites.* But getting the birds into the air proved to be unex- 
pectedly difficult. Launches of satellites, all aboard American 
boosters, did not begin until 1967, had mixed success, and were 
all of a purely scientific, as opposed to commercial, nature. Bit- 
ter wrangling persisted among ESRO governments over the dis- 
proportionate distribution of contracts. Between 1965 and 1967, 
for example, France contributed only 19 percent of ESRO's 
budget but received 37 percent of all ESRO outlays, a none too 
subtle tribute to Gaullist technology policy. 

The purpose of ELDO was to develop a European rocket, the 
Europa-1, that would free the continent from dependence on the 
United States. The plan looked good on paper. Britain would 
supply the Blue Streak first stage, France the Coralie second 
stage, Germany the Astris third stage, and Italy the test satellite. 
But by 1969, eight years after the initial agreement, ELDO had 
put nothing into orbit and was 350 percent over budget. 

ELDO was plagued by the usual bugaboos: poor manage- 
ment, political squabbling, underfunding. Perhaps the most se- 
rious problem faced by the European space effort was that of 
purpose: "L'espace pour quoi faire?" For all the boilerplate at  
ministerial meetings about cooperation, the fact remained that 
the Europeans were hard pressed to agree on just why it was so 
important to have a space program. 

Even as ESRO and ELDO stumbled through the 1960s, 
"American hegemony," particularly within Intelsat, the inter- 
national consortium for communications satellites, gave the Eu- 
ropeans reason to press on. Although a nucleus of 19 nations had 
formed Intelsat in 1964, the United States, through the federally 
chartered Comsat Corporation, controlled 61 percent of the vot- 
ing authority and almost 100 percent of the satellite technology. 
Comsat, which managed Intelsat under contract, was in turn 
composed of giant American firms like AT&T, which had little 
interest in expanding satellite services that might compete with 
its own oceanic cables. This situation infuriated the Europeans, 
but there was no way they could compete, since US .  export li- 
censing rules blocked the sale of American launch technology to 
Europe, while NASA was under instructions not to launch for- 
eign satellites that might compete with Intelsat. This was pre- 
cisely the sort of "dependency" the French had warned of. It gal- 

'The 10 member countries were Belgium, Denmark, France, West Germany, Italy, the 
Netherlands, Spain, Sweden, Switzerland, and the United Kingdom. 
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vanized the European space community. 
In 1972, the European Space Council merged ELDO and 

ESRO into a new European Space Agency (ESA). ESA has made 
a fresh start on a heavy launch vehicle, and, for payloads, has 
put more emphasis on profitable "applications" satellites rather 
than on purely scientific ones. Financial participation in ESA is 
largely on an a la carte basis, meaning that member countries 
may buy into only those programs that interest them. Major 
programs, moreover, are now under the direction of a single 
country. France's giant Aerospatiale, the semi-public corpora- 
tion that absorbed SEREB, is the prime contractor for the 
Ariane booster, which should be in operation by 1982, and 
which should enable ESA to launch whatever it likes, regardless 
of what Washington thinks.* West Germany has led in con- 
structing the sophisticated Spacelab, which is ready and wait- 
ing to be hoisted aloft by the U.S. space shuttle. Britain is de- 
signing the new Marots marine navigation satellite. Meanwhile, 
a revised "permanent agreement" on Intelsat has broken U.S. 
control, allowing Europe to compete for all contracts.? 

Italian Styling, German Skill 

Despite its growing pains, European space cooperation now 
appears to be a going concern. Not the least of its achievements 
is that it has tapped the ingenuity of countries that, for reasons 
of size or constitution, could never have supported a full-fledged 
space program on their own. Italian space research, for exam- 
ple, has been limited to cooperative scientific programs, but 
Italy has made a unique contribution to space history with its 
San Marco launch platform in the Indian Ocean, three miles off 
the coast of Kenya. West Germany's space program is also 
largely subsumed under ESA. Germany was forbidden after 
World War I1 to continue its pioneering rocketry experiments, 
whose military application during 1944 and 1945 destroyed 
parts of London. But Bonn has been an active partner in various 
European and American projects, and, having mastered satellite 
electronics, is seeking to satisfy some of the demand for sophisti- 
cated spacecraft from such places as Brazil and Egypt. 

'The Ariane successfully boosted a test satellite into orbit on Christmas Eve, 1979-15 years 
after the formation of ELDO-but a second test last May was a failure. There is a certain 
competition between the Ariane and the U.S. shuttle: Third parties have booked space 
aboard one or the other depending on price, politics, and which they believe will first be op- 
erational. 
tCNES officials hope to capture 20 to 25 percent of the global booster satellite market, in- 
cluding Intelsat 5 launches after 1982, ESA missions, and third party launches, such as the 
Arabsat communications satellite. 
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During the first decade of the space age, references to "third 
powers" in space generally meant France and Europe. During 
the second decade, the more ambitious nations of Asia began 
building space programs with quiet determination. 

The Japanese, like the Germans, have shunned military 
rocket research during the postwar era. Until 1969, the Japanese 
space program rested solely in the hands of professors at the 
University of Tokyo's Institute for Space and Aeronautical Sci- 
ences (ISAS). After the Allied ban on all rocket work was lifted in 
1954, ISAS slowly developed its relatively inexpensive "Greek 
letter" series (Kappa, Lambda, Mu) of rockets. After many dis- 
appointments, in 1970 the professors finally boosted a tiny 
24-kg. satellite into orbit on a thin, four-stage Lambda rocket. 
Japan became the world's fourth space power, proud to have 
beaten out the neighboring Chinese. 

A Great Leap Upward 

Pressure from Japanese industries such as Mitsubishi and 
Ishikawajima-Harima, eager to penetrate the aerospace market, 
soon brought a shift in emphasis. Even as the Apollo 11 crew ex- 
plored the moon in July 1969, American and Japanese negotia- 
tors were concluding an unprecedented agreement for the sale 
of U.S. technology enabling the Japanese to build a space 
booster comparable to the American Thor-Delta. The pact pro- 
hibited transfer to third parties or competition with Intelsat, 
but it nevertheless represented a degree of American largesse 
the Europeans could only envy. 

Japan's new National Space Development Agency and its 
modern launch site on an island south of Kyushu, the Tanega- 
shima Space Center, now support the fastest growing space pro- 
gram in the world. (Since 1970, Tokyo's annual space budget 
has grown by 600 percent, to about $469 million in 1979.) Amer- 
ican businessmen anticipate heavy competition from the Japa- 
nese in the world market for communications satellites. 
Crowded, economically aggressive, militarily passive, Japan has 
opted, in a sense, for "vertical expansion."* 

China is also in the second rank of space powers, alongside 
France and Japan, but little firm information on the PRC's space 
program is available. During the past year, U.S. scientific dele- 
gations have visited Chinese research and launch facilities. Chi- 
nese teams, anxious to tap American space technology, have in 

'Scientific missions will also increase. The Japanese plan to launch their first interplane- 
tary probe in 1985, in time to catch Halley's comet before heading on to Venus. 
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THE SOVIETS: FROM SPUTNIK TO SALYUT 

The Russian space program began in 1902, the seventh year of 
the reign of Tsar Nicholas 11, when a penurious and half-deaf 
young mathematician named Konstantin Tsiolkovsky recorded his 
thoughts ("Consider a cask filled with a highly compressed gas. . . ,") 
on the possibilities of rocket propulsion. Tsiolkovsky's ideas received 
little attention at first, but after the 1917 October Revolution, the 
Bolsheviks seized on space travel as a symbol of socialist uplift. 
Rocket research flourished in the Soviet Union during the 1920s and 
'30s. After World War 11, when Josef Stalin became intrigued with 
the possibilities of an intercontinental missile to help offset Amer- 
ica's long-range bombers, Sputnik became only a matter of time. 

The global furor attending the initial successes of the Soviet space 
program emboldened the Kremlin as much as it surprised the White 
House. Yet, while the new Soviet Sapwood (SS-6) booster was con- 
siderably larger than any U.S. rocket prior to the successful test of 
the Saturn C-1 in 1961, this was in fact the only area of space 
technology in which the Russians were superior. (One reason for the 
size of the SS-6: It was designed before the Russians had developed 
advanced "light" hydrogen bomb warheads.) 

During this first phase of the Soviet program, which corresponded 
roughly with the reign of Premier Nikita Khrushchev and his space- 
craft designer, the brilliant Sergei Korolyov, the Russians concen- 
trated on achieving prestigious "space firsts" of marginal scientific 
use but considerable propaganda value: e.g., the first man in space 
(1961), the first woman in space (1963), the first "space walk" (1965). 

The accession of the Brezhnev regime in 1964 and the death of 
Korolyov one year later ushered in Phase Two. While feasibility 
studies for a lunar landing probably continued, the Soviets, in effect, 
conceded the moon race to the United States and shifted their atten- 
tion to practical "applications" satellites in earth orbit (for military 
reconnaissance, mapping, communications, and so on) as well as un- 
manned exploration of the moon and planets. 

The U.S.-Soviet "space race" since 1957 has become something of 
a tortoise and hare proposition. Since they leaped ahead during the 

turn toured NASA sites; China's vice-premier Deng Xiaoping in 
1979 spent several happy minutes at  the controls of a space 
shuttle simulator in Houston. Yet the origins, goals, and funding 
levels of the Chinese space program are unknown. 

Chinese satellites have probably been launched on military 
IRBMs and limited range ICBMs (a real ICBM, the CSS-X4, 
comparable to the U.S. Titan 2 and Soviet SS-9, was success- 
fully tested last May) fired from their desert base near Shuange- 
henzgi in the Kansu region. Modern Chinese missile expertise 
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mid-1960s, the Americans have been napping while the Soviets have 
gradually developed sophisticated manned and unmanned space 
techniques. Thus, their 36 manned Soyuz flights (as of August 1980) 
have centered on long-term supply and occupancy of six Salyut 
space stations and have permitted intensive research in manned re- 
connaissance, biomedicine, and agriculture and manufacturing in 
space. Moscow's space program continues to absorb 1.5 to 2.0 per- 
cent of Soviet GNP (the U.S. figure is 0.3 percent) and provides em- 
ployment for an estimated 600,000 workers. 

The Kremlin has also exploited showpiece "cooperative" launches 
featuring token East European cosmonauts. The only Soviet venture 
undertaken in cooperation with the United States was the 1975 
Apollo-Soyuz "handshake in space," which, though it seeemed a 
good idea during that moment of detente, amounted to a U.S. give- 
away of some technology and mission control techniques. 

In the unmanned categories, veiled by the cryptic "Kosmos" label 
that has been applied to more than 1,200 Soviet spacecraft to date, 
the Soviets have experimented with several generations of spy satel- 
lites, possibly a reusable shuttle-type vehicle (the Kosmolojot or 
Raketoplan), killer-satellites, and fractional orbital bombardment 
systems. The Soviets put something up in the sky, on average, every 
other day, in part because some Soviet spacecraft lack the longevity 
and versatility of their American counterparts. 

Nevertheless, in the 1980s, the United States faces a steady, com- 
petent, and broad-based Soviet space effort that America, with its 
space shuttle, may be able to match. If not, the Soviets could lead the 
' third industrial revolution" in space manufacturing; build the first 
permanently occupied "space colony"; and, ultimately, stun the 
world, Sputnik-style, with an operational laser weapons system 
capable of "neutralizing" American military spy satellites. 

How can the USSR afford it all with a GNP half that of the United 
States? "There will always be funds set aside to resolve the problems 
of the universe," Premier Aleksei Kosygin has explained. "We don't 
have any contradictions in the Soviet Union between appropriations 
for space research and the needs of the population." 

-W. A. McD. 

apparently stems from technology shared with the People's 
Republic by the USSR in the 1950s, and from the knowledge 
carried to China in the head of Dr. Qian Xueshen, a top scientist 
at  Cal Tech's Jet Propulsion Laboratory, who was deported by 
the United States in 1955 as a security risk. The Chinese missile 
program achieved maturity of sorts in 1970 with the launching 
of an earth satellite that broadcast the melody of "The East is 
Red" to the world at large. 

By the mid-1970s, a larger Chinese rocket was boosting pay- 
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-- 

loads in the 4,000-kg. range, possibly including recoverable cap- 
sules. This led to speculation, apparently in error, that China 
was moving directly to a manned space program. It is more 
likely that the Chinese are pursuing a vigorous spy satellite pro- 
gram-using detachable film packs that can be dropped to 
Earth-to augment their fledgling ICBM deterrent force. 

Since President Nixon's visit to Beijing (Peking) in 1972, the 
United States and the PRC have inched toward a formula for fu- 
ture space cooperation. China has tentatively reserved space on 
the US. space shuttle for 1982, and is cautiously exploring offers 
of American and Japanese aid in developing earth resources and 
communications satellites. Unlike the Japanese effort, China's 
great leap upward is not coherently integrated into the national 
economy. "You come away from a fairly modern facility with 
good looking computers," noted a recent American visitor, 
"then run into a water buffalo dragging a wooden plow." 

The same might be said of India, likewise a miserably poor 
country investing in "precocious" technology. Harish Agrawal, 
a leading Indian scientist, explained New Delhi's rationale: In- 
dia, he observed, "must master the latest achievements of space 
science and nuclear technology so that it can leap from its back- 
wardness and resolve its problems of poverty and develop- 
ment." Off the record, Indian officials seem to be more taken 
with the political and military implications. India has cooper- 
ated extensively with the Soviet Union and last July launched 
the satellite Rohini into orbit on a homemade booster. 

Space during the 1980s is something like Africa during the 
1880s-dark, vast, only partly mapped. Like Africa then, space 
has only just begun to be explored, even as exploitation, for 
some countries, has become almost a matter of routine. Greater 
and lesser powers, meanwhile, scramble for a foothold, their 
motives a mix of military, economic, scientific, and prestige 
considerations. While international agreements bar national ap- 
propriation of orbital space or heavenly bodies (i.e., "colonial- 
ism"), space law is by and large limited to vague principles 
defining an essentially laissez-faire regime. That, coupled with 
the limitless promise of space and continued national rivalries 
on Earth, virtually ensures a growing club of spacefaring na- 
tions, disunited in purposes and loyalties. 

It has always been thus on Earth. Why should space be any 
different? As Robert McNamara was fond of pointing out, space 
is not a mission, not a technology, not a cause. It is just a place. 
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RETURNS TO EARTH 

by Alex Roland 

The dreamers who first launched man into space were not 
much concerned about what he would do when he got there. 
When the question was put, many of them simply referred to 
Columbus's discovery of the New World, as if the analogy were 
exact and the implications self-evident. Others dusted off the 
apocryphal story about Ben Franklin at the first balloon flight 
in Paris in 1783. "But what good is it?," someone asked the 
American minister. "What good is a newborn baby?," Franklin 
replied. 

The space age began, with Sputnik 1, in 1957. One is 
tempted to ask, "What good is a 23-year-old?" What return have 
the American people realized on the $73 billion they have spent 
on the civilian space program since 1957? In space, man has 
flown 12 times faster than he ever did before, has walked on the 
moon, and has landed expensive instruments on Mars. The 
space program has led to dramatic advances in virtually every 
branch of science and technology; it has spurred several new in- 
dustries and created, in the process, hundreds of thousands of 
jobs. But it has not, so far, revolutionized our lives. As of this 
moment, in terms of its effects on the mass of mankind, the ex- 
ploration of space lags somewhat behind the development of 
crop rotation, or the discovery of vaccination. 

Let's look at some specifics. 
Space science, which is simply traditional science con- 

ducted in a new laboratory, has produced results that may one 
day prove to be the most far-reaching harvest of our space activ- 
ity. But that time has not yet come. When Homer Newell, for- 
merly associate administrator of the National Aeronautics and 
Space Administation (NASA), and for many years director of the 
agency's space science program, recently surveyed the first 20 
years of space research, he found it had produced "no change in 
fundamental physical concepts and laws."* Some old notions, 
such as that of a cold and static moon, had been discarded. 
Some new ones, such as the existence of a neutron star, had been 

H o m e r  E. Newell, Beyond the Atmosphere: Early Years o f  Space Science (NASA SP  4211), 
Washington, 1980. 
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proposed. But all either flowed from, or might have been pre- 
dicted by, earthbound science. 

The first big space discovery had led many scientists to ex- 
pect something more. With data from the first American satel- 
lite, the 14-kg. Explorer 1, launched in 1958, University of Iowa 
physicist James Van Allen discovered a radiation belt envel- 
oping the Earth. From this quick discovery flowed an intense 
campaign of research that not only confirmed the existence of 
the Van Allen belt but even charted its shape and dimensions. 

Poking through the Atmosphere 

The Earth's magnetic belt, we have learned, extends out to 
10 Earth radii in the direction of the sun. and much farther than 
that away from the sun. (The drag of the solar wind pulls the 
"magnetosphere" in the antisolar direction, much as water in a 
moving stream trails a wake behind obstacles in its path.) This 
magnetosphere captures or deflects protons and helium nuclei 
from the sun with consequences we are just beginning to 
understand: the creation of auroras and magnetic storms, for 
example. Research in this field has now churned out more 
information than our theories can absorb. 

Virtually every scientific field can boast some comparable 
eye-opener as a product of space research. In astronomy, the dis- 
covery of x-ray emissions from celestial bodies, denied to man 
until he could poke his instruments through the atmosphere, 
has led to the tentative identification of "black holesu-the 
cores of collapsed stars so dense that not even light can escape 
their gravitational pulls. 

Satellite geodesy has provided the most accurate picture 
yet of a slightly pear-shaped Earth and its ellipsoidal (not 
round) equator, and has allowed geologists to measure conti- 
nental drift to an accuracy of inches per year. Comparative 
planetology has emerged as a distinct field allowing scientists, 
for the first time, to test hypotheses about the Earth against the 
evidence from a larger sample of planets. The study of Venus's 
atmosphere, for example, led to concern over the increasing 
Freon levels in our own atmosphere. 

Alex Roland, 36, is a historian at the National Aeronautics and Space Ad- 
ministration. Born in Providence, Rhode Island, he received a B.S. from 
the United States Naval Academy (1966) and a Ph.D. from Duke University 
(1974). He is the author of Underwater Warfare in the Age of Sail (1978). 
The views expressed in this essay are not necessarily those of the National 
Aeronautics and Space Administration. 
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I FLYING LABORATORIES 

Schematic drawings 
represent the 14-kg. 
Explorer 1 scientific 
satellite (left) launched 
in 1958 and one of the two 
sophisticated, 825-kg. Voyager scien- 
tific satellites (right) launched in 1977. i__________i 

What all of this adds up to, however, is not entirely clear. 
Certainly there has been a vast enrichment of our knowledge; 
we have added, incrementally, to what we already knew. Some 
of those new increments have been sizeable. Yet, as Homer 
Newel1 pointed out, the basic theoretical framework of modern 
science has not been altered dramatically. So far, the space 
program has produced no Copernicus, no Newton, no Einstein. 

Few, of course, ever claimed that it would. The United 
States went into space, initially, for political reasons, not purely 
scientific ones. At the same time, implicit in the statements of 
NASA administrators before Congress, and of Congressmen 
before their constituents, has been the expectation that the tech- 
nological payoff from space exploration would be enormous; in 
return for a hefty NASA appropriation, the country as whole 
would receive, to put it bluntly, a sizeable kickback. Instead of a 
handful of Einsteins, we would produce Edisons aplenty. 

That expectation, I believe, has been more or less fulfilled, 
even if, in many cases, the new technology has simply enabled 
us to do better (or faster, or cheaper) something we were already 
doing pretty well. 

Communications satellites, which primarily handle tele- 
phone traffic, are a case in point. Their advantages over tradi- 
tional means of communication are obvious. Overland and un- 
dersea cables, known as landlines, must follow the contours of 
the Earth; they suffer severe restrictions on the volume of traffic 

The Wilson Quarterly/A;( tumn 1980 

85 



THE SPACE EFFORT 

they may carry. Station-to-station radio and television trans- 
missions are limited to line of sight and are at the mercy of at- 
mospheric conditions. But three communications satellites in , , stationary" orbit 22,300 miles above the equator-actually, 
they revolve around the Earth at the same rate the Earth ro- 
tates-can blanket the entire planet, except for the most remote 
polar regions, with virtually instantaneous communications of 
every kind. 

Finding Tuna 

Of all the promises of the early space era. the communica- 
tions satellite is the most fully realized because it is the most 
fully commercialized. The Communications Satellite Act of 
1962 opened the door to private exploitation of a technology de- 
veloped largely at public expense. In 1963, private stockholders 
and companies like AT&T, ITT, and GTE banded together to 
form Comsat, the Communications Satellite Corporation. Next 
year followed Intelsat, the International Telecommunications 
Satellite Organization, in which Comsat is a major partner and 
the management services contractor. Intelsat has grown from 19 
to 104 members, with some 300 antennae at more than 200 
ground stations around the world. Apart from such cooperative 
ventures, private firms and foreign governments have commis- 
sioned satellite launches by NASA. Between 1975 and 1979, the 
United States launched 39 communications satellites. 

Intelsat's fourth generation satellites are now on station 
over the Atlantic, Pacific, and Indian Oceans. Each has a capac- 
ity of 12,000 telephone circuits at a cost of $800 per circuit per 
year, compared with Intelsat 1's 240 circuits at $32,500 each per 
year. Ground stations with five-meter antennae now cost less 
than $100,000. The prospects of satellite communication are 
now so alluring that overcrowding in geosynchronous orbit is 
becoming a real problem. 

No other commercial exploitation of space flight can com- 
pare with communications satellites. Weather satellites, for ex- 
ample, have had a comparable if less dramatic public impact, 
but they remain in the hands of government. The United States 
launched 13 weather satellites between 1975 and 1979. Those 
equipped with automatic picture transmission send their im- 
ages routinely to more than 800 users in every country in the 
world. Anyone can receive the pictures simply by investing the 
$15,000 or so needed for ground equipment, be it Eastern Air- 
lines or station WFLA-TV, Tampa. 

Weather respects neither geography nor political bounda- 
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with earth-resources satellites. A whole array of "remote- 
sensing" techniques, from visual and near-infrared photography 
to radar, heat detectors, and magnetometers, have been applied 
to studying the Earth from space. Some of these techniques have 
been borrowed and adapted from the military, some from explo- 
ration of the moon and planets, some developed especially for 
this purpose. Together they amount to a remarkably flexible 
and adaptive tool, limited more by the questions it is not asked 
than by the answers it cannot give. 

The earth-resources satellites now in orbit have applica- 
tions that range from forecasting wheat crops in the USSR to 
measuring pollution in the Chesapeake Bay. Landsat can iden- 
tify faults and fractures in the Earth's crust that are often associ- 
ated with mineral and oil deposits. The Geostationary Orbiting 
Environment Satellite, among other capabilities, helps West 
Coast fishermen pinpoint concentrations of tuna and salmon. 
Stereosat, which will be in orbit by the mid-1980s if funding dis- 
putes are resolved, is designed to transmit 3-D pictures of ob- 
jects as small as 10 meters in diameter, a degree of resolution 
surpassed only by military reconnaissance satellites. 

Perhaps the greatest limitation on earth-resources satellites 
is a bureaucratic one: No single agency is responsible for col- 
lecting and disseminating remote-sensing data. There is cur- 
rently talk in Congress about setting up a semipublic entity, 
much like Comsat, to handle the millions of satellite pictures re- 
layed to Earth every year. That probably won't happen for at 
least a decade. Until then, the National Oceanic and Atmos- 
pheric Administration, which was set up for an entirely different 
purpose, will fill the gap as best it can. 

Mylar and Medimax 

Another dimension of space activity that has altered our 
lives in ways too disparate to comprehend is its technological 
legacy. To be sure, historically, most high-tech enterprises, from 
the transatlantic cable to the wartime Manhattan Project, have 
yielded "spin-offsU-advances applicable to completely differ- 
ent endeavors. But NASA seems to have produced more than its 
share. In part, this is because space flight was so unprecedented 
a venture, one that involved everything from testing for life on 
Mars to learning how to stop and restart engines in a vacuum. 

Spinning off technology was also a matter of deliberate 
policy. Under the National Aeronautics and Space Act of 1958, 
NASA was ordered to "provide for the widest practicable and 
appropriate dissemination of information concerning its activi- 
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ties and the results thereof." NASA took the mandate seriously, 
setting up a Technology Transfer Program to bring businesses 
and arcane technologies together. 

Teflon, a solid, chemically inert polymer that became fa- 
mous during the 1960s as a nonstick coating for cookware, is not 
a product of space research, but the popular notion that it is re- 
flects a willingness on the part of the public to believe that al- 
most everything new in the space age is of  the space age. Yet, for 
countless products and techniques, the belief is no myth. 

The solar panels that now provide auxiliary power and 
heating for many homes and businesses reached their present 
stage of efficiency largely because they were needed to power 
spacecraft. Weight limitations on spacecraft also helped spur 
the electronics industry into the microminiaturization that led 
to digital watches and pocket calculators. The estimated 30 mil- 
lion Americans with hypertension can now have their blood 
pressure tested on the Medimax-30, a coin-operated machine 
produced by Advanced Life Sciences, Inc., and derived from the 
equipment developed to monitor astronauts in space. Thanks to 
the space program, we now have Mylar "tanning mats" and, 
just in time, new machines for detecting skin cancer. 

Thus, the legacy of the first two decades of space flight has 
been both substantial and diffuse, even if it has not transformed 
our lives. To date, the space age has had a less profound impact 
than the atomic age that preceded it. If tomorrow a green ele- 
phant steps in front of the Viking lander on Mars, or if orbiting 
solar installations take up some of the energy burden of the 21st 
century, then perhaps the present era may one day be viewed as 
"revolutionary ." 

So far, however, the space program's chief legacy has been 
an intangible and symbolic one. The effect is subtle, perhaps im- 
perceptible to those first touched by it. Arthur Schlesinger, Jr., 
has written that "the landing on the moon is the most exciting 
event of our age, [one that] will be remembered long after every- 
thing else about the 20th century is forgotten." More important 
than the fact of the landing itself was the opportunity to look- 
like a painter stepping away from his canvas-at our fragile, 
blue "Spaceship Earth," suspended alone and beautiful in a 
dark and indifferent universe. It was-and is-a sight worth 
thinking about. 
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FOLLOWING THE SUN 

by Bruce Madish 

During the late 1950s, man ventured into space; by the late 
1960s, he had walked on the moon. A proud Wernher von Braun, 
NASA's claimant to the mantle of Daedalus, compared the 
achievement to that moment in evolution "when aquatic life 
came crawling onto land." 

Now we seem to be crawling back. The moon landing, for all 
the impact it had during that sultry July night in 1969, has 
scattered into small effects upon us. Our expectations fulfilled, 
we now seem to have lost interest. I am puzzled by the disparity 
between the greatness of the deed and the meanness 
of the result. How to explain it? 

It was President John F. Kennedy, as the United States 
embarked in 1961 upon the Apollo program, who first aroused 
the American public to place the imminent adventure of space 
alongside the historic endeavors of Columbus, Hudson, Cabot. 
Space, he proclaimed, is the "new ocean" upon which "we must 
sail." It was a facile metaphor, and, for a while, a valid one. 
Compare the web of motives underlying both the Age of Apollo 
and the Age of Discovery. One is struck by the similarities: a 
desire for national prestige; a hope of gain, both economic and 
military; an impulse to adventure; sheer curiosity. There was, in 
the 15th century, also a religious factor. Even that finds a 
20th-century expression in our notion of scientific "mission." 

Historical analogy gives flesh to a perception of vague re- 
semblance. It is not a rigorous form of reasoning, but it is one of 
the more attractive. It is, too, a fashioner of myths-durable 
ones that survive, like a locust's brittle armor, even after life 
itself has departed. Analogy, finally, has but one eye, and it sees 
only similarities. 

As the space age has evolved, the dissimilarities have 
become more pronounced. Reality has overtaken the rationale. 
We have inaugurated an age of discovery, but it is not the Age of 
Discovery, and it lacks the props and resonance we were 
conditioned to expect. 

The major difference, I believe, is that in space there are no 
flora and fauna. There are no people on the moon to be con- 
quered or converted. There are no new animals to grace the 
parks of a Spanish king, no exotic plants to nurture in the royal 
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'Surface of Mercury" 
(1949) by Chesley 
Bonestell, a popular 
science-fiction 
illustrator since 
the 1930s. 

gardens at Kew. Columbus returned with naked savages. Lewis 
and Clark identified 24 Indian tribes, 178 plants, and 122 ani- 
mals, all of them previously unknown. Even the voyagers of the 
Beagle sailed into port with exotic, if ugly, Fuegians that titil- 
lated the English public. Space, by contrast, is "empty," and our 
chief harvest thus far has been in the form of rocks. Scientists 
profess delight. But there is not much to nourish the public's 
imagination. 

If the realm of space offers so little of "human" interest, 
what of the explorers? 

They were test pilots and fighter pilots turned astronauts. 
As individuals, perhaps, they were as much the salty adventurer 
as was Sir Francis Drake, but they never quite captured the 
American imagination. The first class of astronauts published 
an antiseptic group biography titled We Seven, suggestive of 
Charles Lindbergh's autobiography, W e .  Yet the astronauts, un- 
like Lindbergh, never sat in lone splendor at the controls of their 
craft. Backed up by an indispensable team of thousands, they 
were themselves utterly interchangeable, like ball bearings, or 
members of the Rockettes. In space, moreover, the astronauts 
somehow seemed dehumanized, their language at once bland 
and arcane, their humor forced, their behavior programmed. 
Lewis Mumford put his finger on it: An astronaut's life, he noted, 
seemed to have been reduced to "the physiological functions of 
breathing, eating, and excretion. By comparison, the Egyptian 
cult of the dead was overflowing with vitality." 
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There was no drama. Norman Mailer, in one of the few 
attempts to respond humanistically to the space venture-one 
thinks of such earlier analogues as Camoen's Lusiads and 
Shakespeare's Tempest - tries brilliantly, in Of A Fire o n  the 
Moon, to kindle a few sparks of imagination. He speaks of 
dreams that border on ecstasy (or madness); of Hemingway- 
esque courage (or mania); of the dread of death. But always he 
runs up against the dulling, cautious cult of routine deliberately 
built into the space program. He yearns for, but can find: 

no curse, omen, oath, scar, or smell . . . no revel, no 
voice, no unnecessary chancing of human life. It was not 
that anybody wanted the blood of astronauts any more 
than they desired the death of bullfighters, auto racers, 
or boxers, it was that NASA had come to believe that if 
Apollo 11 resulted in death, all space investigation was 
gone, whereas in fact the irony was that the world, first 
sacrifices in outer space paid, would have begun to 
watch future flights with pain and concern. 

There was, in the end, a soporific quality about the landing at 
Tranquility Base-an all too apt name-as if Magellan, instead 
of being murdered by natives in the Philippines, had unevent- 
fully returned home and gone to work for National Geographic. 

The cause of national prestige has fared no better. The 
initial impetus for the American space program was rivalry with 
the Soviet Union; as author-physicist Carl Sagan has observed, 
the cost of Apollo "should have been part of the budget of the 
Secretary of State." Competition is a crude, if expedient, motive 
for any sort of exploration. During the Age of Discovery, it led 
frequently to armed conflict-and public excitement. Macabre 
as is the thought, even a small-scale war in space would rivet 
American attention on the space program. Hollywood science 
fiction is filled with such wars-and hence, human interest. But 
what has happened? We have found military uses aplenty for 
outer space, but no call for derring-do. Nor is there any longer 
much sense of competition. We have already beaten the 
Russians to the moon. The game is over. 

As for the putative economic windfall from space flight, this 
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was gilding on the gold. Back in the early 1960s, NASA's Robert 
Jastrow and Homer Newel1 asserted that "the science which we 
do in space provides the equivalent of the gold and spices 
recovered from earlier voyages of exploration." Perhaps, from 
the point of view of the scientists, this has been the case. Among 
the general public, I believe the judgment is different. Certainly 
there have been thousands of technological spin-offs, most of 
them useful. But they have been indirect and haphazard, and 
most, had they been considered essential, could probably have 
been developed, far more cheaply, long ago. 

How, then, are we to justify future space exploration? 
I don't think we can, at least not in a way guaranteed to win 

majorities on Capitol Hill, or among the people. Space explora- 
tion has become an entirely "discretionary" activity; no longer 
is it deemed vital to our national security, or to our national 
pride. Now it is weighed against other discretionary activities- 
cancer research, urban renewal- and often found wanting or 
wasteful by comparison. These days, the space program's chief 
ally seems to be leftover momentum: the fact that certain pro- 
grams, planned long ago, happen to be under way. 

Yet, to my mind, there is an argument that suffices to justify 
a leap into space, one as unprovable as it is irrefutable: that it is 
man's destiny continually to test himself against the unknown, 
to know himself by his exertions. And to my defense I call upon 
an earlier traveler in unknown spaces, Ulysses, encountered by 
Dante in the Inferno: 

"0 brothers," I said, "you who 
through a thousand perils have come to the West, 
to the brief vigil of our senses 

which is left, do not deny 
experience of the unpeopled world 
to be discovered by following the sun. 

Consider what origin you had; 

i> ou were not created to live like brutes, 
ut to seek virtue and knowledge." 
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The early birds of space exploration 
were inspired, in part, by science fic- 
tion. Konstantin Tsiolkovsky (1857- 
1935), for example, credited Jules 
Verne with planting the "first seeds" 
of the idea of interplanetary flight. 

During the 1890s, Tsiolkovsky 
built the first wind tunnel to test 
aerodynamic designs. By 1903 -the 
year the Wright brothers first flew 
their plane at Kitty Hawk - Tsiol- 
kovsky was tackling the theoretical 
problems of rocket engines (heat 
transfer, navigation mechanisms, 
and fuel-supply maintenance). His 
research feats are described in Nich- 
olas Daniloff's The Kremlin and the 
Cosmos (Knopf, 1972). 

Tsiolkovsky did not construct or 
test rockets, but an American soon 
did. In 1898, Robert H. Goddard 
(1882-1945) read H. G. Wells's War 
of the Worlds and dreamed of build- 
ing a spacecraft. Thirty-eight years 
later - at his Aunt Effie's farm in 
Auburn, Mass.-he launched the 
world's first liquid-fueled rocket, 
which rose to a height of 41 feet. 

"In a field so complex that it would 
call for teams of scientists and tech- 
nicians," writes biographer Milton 
Lehman, Goddard "remained a sol- 
itary, mustering a few mechanics to 
help him." In This High Man: The 
Life of Robert H. Goddard (Farrar, 
1963), Lehman explains Goddard's 
reticence. Much of his early work ran 
into official apathy, public indiffer- 
ence, and ridicule in the press. Yet, 
Goddard persisted. 

If not many Americans were pay- 
ing attention to Goddard, several 
Germans were. For years, said 
Wernher von Braun, "Goddard was 
ahead of all of us." Von Braun 

(1912-77) was technical director of 
the group of Germans who, during 
World War 11, developed the V-2, a 
long-range ballistic missile used 
against London. A detailed account 
of the evolution of the V-2 - fore- 
runner of the rockets that would 
carry men into space - is found in 
The Rocket Team (Crowell, 1979) by 
science writers Frederick I. Ordway 
I11 and Mitchell R. Sharpe. 

In the most complete biography of 
von Braun, Reaching for the Stars 
(Doubleday, 1960), Erik Bergaust re- 
counts the scientist's run-in with the 
Gestapo. As von Braun's rockets were 
nearing operational status in 1942, 
he was briefly held by the Gestapo 
and charged with making "state- 
ments to the effect that the V-2 was 
not intended as a weapon of war, 
that [he] had space travel in mind 
when it was developed." 

After the war, von Braun and 100 
coworkers surrendered to the Ameri- 
cans and were transferred to White 
Sands, N.M., to continue their rocket 
tests. Early in 1958, four months 
after the Russians launched Sputnik 
1 in 1957, von Braun put the first 
U.S. satellite in orbit. The stage was 
set for NASA and the "space travel" 
that von Braun had in mind when he 
worked on the V-2. 

A vivid portrait of the first U.S. 
astronauts-Alan Shepard, John 
Glenn, Gus Grissom, Scott Car- 
penter,  Gordon Cooper, Wally 
Schirra, and Deke Slayton- is The 
Right Stuff (Farrar, 1979) by jour- 
nalist Tom Wolfe. These former test 
pilots, says Wolfe, shared "an ineffa- 
ble quality . . . not bravery in the 
simple sense of being willing to risk 
your life [but] the ability to go up in a 
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hurtling piece of machinery . . . and 
then go up again the next day, and the 
next day, and every next day ." 

Opposing the astronauts' view of 
themselves (shared by the press and 
the public) as test pilots was NASA's 
conception of their role in the space 
mission. The scientists and engineers 
saw the Mercury capsule as fully au- 
tomated; "the astronaut [was] added 
to the system as a redundant compo- 
nent." But the astronauts wanted to 
fly their spaceships. Eventually, 
Wolfe notes, they were successful in 
their design demands -first a win- 
dow instead of a planned porthole, 
then an exploding escape hatch that 
they could detonate, then an "over- 
ride system" by which an astronaut 
could take over and guide the space- 
craft. 

These man-oriented changes paid 
off later. In 1970, 200,000 miles from 
Earth, Apollo 13 suffered a loss of 
power due to an explosion in an oxy- 
gen tank. The dramatic story is re- 
lated by New Yorker writer Henry S. 
F. Cooper, Jr. in Thirteen: The Flight 
That Failed (Dial, 1973). The as- 
tronauts - Jim Lovell, Fred Haise, 
and John Swigert -had to use the 
lunar landing module as a "lifeboat" 
for power and oxygen. They landed 
safely, doing "a lot better by them- 
selves than their elaborate parapher- 
nalia had done by them." 

Novelist Norman Mailer also 
comments trenchantly on our  
spacemen. In his quirky Of a Fire on 
the Moon (Little, Brown, 1970, cloth; 
New American Library, 197 1, paper), 
he calls them "the core of some mag- 

netic human force called Ameri- 
canism." They are "men of much 
personal strength, moral and physi- 
cal, . . . the depths of their character 
are kept hidden by the impenetrable 
qualities of their personal surface, 
and they shine in appearance." 

At least one astronaut has exposed 
his "hidden character." Michael Col- 
lins is the Apollo 11 astronaut who 
did not get to walk on the moon; he 
piloted the command module. His 
long, often funny Carrying the Fire 
(Farrar, 1974) provides a colorful 
personal account of traveling in 
space: "I have seen the earth eclipsed 
by the moon, and enjoyed it. I have 
seen the sun's true light, unfiltered 
by any planet's atmosphere. I have 
seen the ultimate black of infinity in 
a stillness undisturbed by any living 
thing." 

The tranquility of space, however, 
may be shattered by human settle- 
ment, according to Princeton physi- 
cist Gerard K. O'Neill. In The High 
Frontier: Human Colonies in Space 
(Morrow, 1977, cloth; Bantam, 1978, 
paper), O'Neill sees orbiting space 
colonies as feasible by the end of this 
century. 

In this new world, man will mine 
natural resources from the moon and 
asteroids, relay solar energy back to 
Earth, and live in an  artificially 
created earth-like environment.  
O'Neill's "Island Three" would have 
a land area of 500 square miles and 
support a population of several mil- 
lion people. O'Neill is no mystic; all 
of his designs are based on existing 
technology. 

EDITOR'S NOTE: Most of  the titles mentioned in this essay were suggested by Bruce 
Mazlish and Richard P. Hallion, associate professor of history and administration, Uni- 
versity of Maryland. 


