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Preface

IN JANUARY 2004 THE JET PROPULSION LABORATORY ( JPL) IN PASADENA, 
California, captured the public imagination by landing two rovers on Mars 
and sending another spacecraft through the tail of a comet. Four years earlier 
JPL attracted a different sort of attention when two spacecraft failed in their 
missions to Mars, one of them free-falling from 40 meters after its rockets 
shut off too early, the other augering into the planet owing to a failure to 
convert English into metric units. Twenty years before that the twin Voyager 
spacecraft began a triumphant tour of the outer planets by fl ying by Jupiter 
in 1979 and returning a remarkable collection of images and data.

This book is the second volume in the history of JPL, a sequel to JPL 
and the American Space Program by Clayton Koppes; it picks up the story 
from the end of Koppes’s detailed account in 1976 and carries it to 2004. Dur-
ing this period JPL accomplished a string of engineering feats and scientifi c 
advances, from Voyager to the Mars rovers; but it also encountered periodic 
failures, questions about its national relevance, and doubts about its adapta-
tion to new social realities. This book recounts these events and traces basic 
changes in priority at the lab itself, at NASA, and in American science and 
technology in general.

JPL is the premier builder of scientifi c spacecraft in the world, and it 
has incubated diverse technologies, from digital image processing to micro-
electronic sensors. But that is not the only source of its interest. With cur-
rent annual budgets of well over a billion dollars and a staff of near 5,000, 
including about 800 PhDs, it represents a substantial national investment of 
money and brainpower. It also illustrates the relation of the individual to the 
organization, a central question of the twentieth century and with special 
signifi cance for science and technology and their dependence on personal 
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creativity. Complicating this relationship was JPL’s status as a hybrid insti-
tution, a laboratory owned by the federal government but operated as part 
of a university; it thus required a delicate balancing act between technical 
independence and public accountability.

JPL’s most important impact came in the realm of the intellect and imagi-
nation. Its spacecraft provided an abundance of new knowledge about the 
planets, Earth, and stars. It is fair to say that JPL spacecraft revolutionized our 
knowledge of the solar system, by transforming the planets and their moons 
from blurry dots of color in the night sky to entire worlds of astonishing 
diversity and complexity. JPL spacecraft also looked down on Earth for new 
perspectives on such phenomena as global warming, El Niño, and ancient 
civilizations; in doing so they changed the methodology of earth scientists, 
who came to accept electronic data from remote satellites as equivalent to 
that gathered on the ground or at sea. As for the stars, JPL built two of the 
most fruitful infrared telescopes as well as the camera that saved the Hubble 
telescope. More broadly, JPL’s work provided perhaps the most promising 
way scientifi cally to address fundamental questions about man’s place in the 
cosmos, including the possibility of life beyond Earth.

The planetary and earth sciences are attracting increasing attention from 
historians of science, and the history of JPL illuminates major research en-
deavors in these fi elds.1 In addition, the period covered by this book, the last 
quarter of the twentieth century, offers rich historiographical ground that 
few historians of science and technology have tilled.2 This book extends cold 
war history past the countercultural rebellion of the 1960s and the Vietnam 
War into the thaw of the 1970s and then to the renewed chill that started in 
the late 1970s and lasted into the 1980s. For the space program, this includes 
the post-Apollo drawdown and then the remilitarization of space that cul-
minated in the Strategic Defense Initiative. And then there is that central 
event of the last half century, the end of the cold war. How did American 
science and technology and the American space program adapt to the loss 
of their primary driver? The absence of cold war competition helped doom 
big federal projects in other fi elds, such as the Superconducting Super Col-
lider, and reoriented the U.S. space program, but many cold war scientifi c 
institutions survived its end, including JPL. How and why did the nation 
justify these continued investments? How sharp was the break from patterns 
of support of science and technology that had predominated for the previ-
ous forty years? Historians have just begun to address these questions; the 
history of JPL provides an important illustrative case.

This book covers in detail the twenty-fi ve years from 1976 to 2001. The 
opening chapter summarizes the history of JPL up to 1976 and sets the con-
text for the story that follows. The starting point in 1976 marks a transition 
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to the post-Apollo space program, an apparent dwindling of national com-
mitment to planetary exploration, and JPL’s subsequent diversifi cation into 
energy research. The narrative is divided into three main sections by two 
additional turning points: one in 1982, after a crisis in the planetary program 
renewed JPL’s military connections; the other in 1991, when the dissolution 
of the Soviet Union ended the cold war and sparked a new approach to 
spacefl ight known as faster-better-cheaper. The endpoint in 2001 covers the 
response to the Mars failures of 1999, and an epilogue includes the effects of 
the 9/11 attacks and brings the narrative up through several important mis-
sions in 2004, including the Mars rovers and the Cassini spacecraft’s arrival 
at Saturn.

The periodization is based not only on social turning points, refl ected 
in programmatic shifts, but also on changes in lab directors. Bruce Murray 
arrived in 1976, replacing longtime leader William Pickering, and resigned 
after the crisis in 1982; Lew Allen oversaw the recovery in the 1980s and 
retired in 1991; Ed Stone then tried to change JPL’s culture in the 1990s, until 
his retirement in 2001 and the appointment of Charles Elachi. Each director 
imparted his personality to the lab, from the frenetic, freewheeling imagina-
tion of Murray, through the unruffl ed restraint of Allen, to the combination 
of cautious consensus-building and revolutionary cultural change of Stone. 
And their character determined their response to tests: Murray, combative in 
the face of budget cutbacks; Allen smoothly shifting emphasis to technology 
after the Challenger shuttle accident; Stone adapting to faster-better-cheaper 
to fend off more critical attacks. There is of course a danger to identifying an 
entire organization with an individual, to writing what is known as great-man 
history. But people matter, and scholars are giving increased attention to the 
role of individual authority and leadership in large organizations, including 
R&D labs.3

In each of the three main sections I devote particular chapters to plan-
etary missions, to diversifi cation into such fi elds as energy, defense, earth 
science, and astronomy, and to institutional issues, in particular JPL’s evolv-
ing relationship with NASA and Caltech. Writing the history of a lab with 
diverse programs entails some jumping about either in time or topic, and in 
this book I adopt a thematic organization instead of a chronological one in 
order to sharpen the analysis.

Planetary spacecraft remained the main program in this period. I will not 
attempt a detailed history of each project, which would require exposition 
of diverse institutional, scientifi c, and engineering developments. For such 
narratives the reader may consult recent or forthcoming books on Voyager, 
Galileo, and the Deep Space Network, as well as several popular works and 
memoirs.4 This book focuses on the history of JPL as an institution. As 
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William McNeill, a practitioner of “big history,” has observed, historians 
must treat certain events as background noise in order to discern the most 
important patterns, much as people at JPL digitally process images to bring 
out particular features.5

The book’s title echoes a Neil Young song that includes the line: “out of 
the blue and into the black.” The words capture not only the trajectory of 
JPL’s spacecraft, which hurtled beyond earth’s atmosphere into deep space, 
but also the implications for JPL’s work. As Young’s song continued, “and 
once you’re gone, you can never come back”—nor is anyone else going 
out to help you. To meet the challenge of launching irreparable, and highly 
expensive, machines, JPL helped develop the regime known as systems engi-
neering, which reduced risk by imposing discipline on individual engineers 
and their relation to scientists and managers.6

The title has two other connotations that represent primary themes of 
this history. The fi rst is the relation between the civil space program and 
the secret—or “black”—space programs of the military.7 After starting as a 
military lab, JPL largely shed its defense ties by the early 1970s before re-
mobilizing in the 1980s, when it committed up to one-fourth of its program 
to defense. JPL’s renewed commitment to the military required negotiation 
of a different social context from comparable responses in the post–World 
War II and post-Sputnik periods. It also required an integration of civilian 
and military space programs, with lasting effects. Most notably, military 
space programs engendered the faster-better-cheaper approach that perme-
ated the civil program in the 1990s, and JPL’s adaptation to it drew on its 
military experience.

This book’s concern with civil-military relations in space departs from 
the usual political-science focus on civilian political control over the mili-
tary, and it also goes beyond the concept of technology transfer or spin-off, 
which focuses on the fl ow of military technologies to civilian applications.8 
The case of JPL illuminates the mutual interaction of civilian and military 
realms, including the two-way fl ow of people, institutions, and management 
techniques as well as technologies, at both the programmatic and the political 
level. What conduits ran between the two realms, and what obstacles existed 
to the fl ow of information? And how did these change over time? Did JPL’s 
exposure to defense work overcome previous ignorance of classifi ed pro-
grams? How did JPL’s civilian programs contribute to the military? Answers 
to these questions emerge in this book.

The book’s title suggests yet another, economic meaning: the sort of “in 
the black” desired by accountants on fi scal balance sheets. Since JPL is a 
nonprofi t, government-funded entity producing such intangible returns as 
scientifi c knowledge and cosmic exploration, the term does not apply exactly 
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to JPL. The substantial national investment in JPL, however, encourages 
some consideration of the returns, and people in Pasadena and Washington 
at times spoke of JPL as a sort of national resource. The economic metaphor 
suggests as well the effects of the end of the cold war and the search for 
new justifi cations for the civil space program in the 1990s, which settled on 
international economic competitiveness to replace the military and political 
competition of the space race. Space exploration, this argument ran, would 
keep the American economy operating in the black by creating new technolo-
gies and enticing younger generations into science and engineering careers.

JPL refl ected this new rationale in its post–cold war emphasis on technol-
ogy transfer, industrial partnering, and outreach, features that appeared in a 
broader trend toward commercialization of research and higher education; 
cold war concerns over military domination of science and technology gave 
way to worries about industrial infl uence.9 An economic mindset appears 
also in the entrepreneurial attitudes of JPL staff: strategies of diversifi cation, 
“marketing” efforts in new fi elds, references to “business models” for plan-
etary spacecraft, and the application of corporate management techniques to 
planetary exploration. The economic metaphor fi nally suggests a basic long-
term trend in the operation of JPL, from the independence of an academic 
research lab to the more regulated environment of an industrial contractor.
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THE JET PROPULSION LABORATORY ( JPL) STARTED AS A GRADUATE-STUDENT 
rocket project at Caltech in the 1930s. At the time Caltech was already a 
center for science and engineering in the United States, a position it would 
occupy for the rest of the century. In 1930 Caltech lured Theodore von 
Kármán, a leading authority on aerodynamics, to become director of its 
Guggenheim Aeronautical Laboratory, or GALCIT. Von Kármán’s lab at 
fi rst studied airplane fl ight until a graduate student, Frank Malina, proposed 
thesis work on rockets. Malina banded together with two other rocket en-
thusiasts, John Parsons and Ed Forman; they fi red their fi rst rocket motor 
in fall 1936 at an isolated spot in the Arroyo Seco, a dry wash three miles 
above the Rose Bowl in Pasadena. The wisdom of using a remote site was 
confi rmed when subsequent tests on campus misfi red, one explosively. By 
spring of 1938 Malina and his group had a rocket that ran on the test stand 
for over a minute. The rocket work piqued military interest, and in January 
1939 the National Academy of Sciences began funding GALCIT for work 
on rocket-assisted takeoff for airplanes. The following year the Army Air 
Corps took over, and the expanding program soon shifted for good to the 
Arroyo Seco site.1

Arsenal for the Army

The onset of World War II brought big budgets and secrecy to the rocketeers. 
It also led to the formal establishment of JPL. Following intelligence reports 
in 1943 of German rocket development, von Kármán, Malina, and Hsue-shen 
Tsien, a Chinese mathematician performing theoretical analyses for GALCIT, 
proposed a long-range program. The army responded with enthusiasm, 
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 although Caltech’s trustees approved the contract only for the duration of 
the war. The arrangement nevertheless illustrated a basic watershed in the 
history of American science and technology: the wartime use of research 
contracts to enlist academic science in service for the federal government, 
particularly the military. In this case the army paid for new facilities and 
operating expenses, while Caltech contributed its administration, faculty, 
and graduates, as well as its name, to the enterprise. The army thus obtained 
access to expertise outside its ranks, lab staff got a technical challenge and 
the resources to pursue it, and both scientists and university administrators 
earned a patriotic sense of contributing to the war effort. The campus also 
received a fi xed fee on top of the operating budget, a more concrete and 
compelling inducement that aided recovery from the Depression.2

The Jet Propulsion Laboratory offi cially opened on 1 July 1944, the new 
name shedding the speculative stigma of rockets. When von Kármán’s in-
creasing work for the air force took him to Washington later that year, Malina 
stepped in as director. JPL did not demobilize at the end of the war, although 
that required accommodations with campus. Caltech had agreed to only a 
wartime project, and many campus faculty wanted to return to peacetime 
research. Caltech barred classifi ed research on campus and required military 
contracts to involve fundamental research instead of strictly applications. 
Malina and von Kármán suggested that Caltech set up its own rocket labo-
ratory for unclassifi ed, basic research on rockets for scientifi c use. Caltech’s 
trustees instead decided to continue the existing arrangement, after the army 
assured them that JPL could focus on basic, unclassifi ed research. Thus, like 
other large wartime labs, JPL survived through the postwar fl ux and was 
ready for service at the onset of the cold war.3

The decision to continue JPL as a cold war military lab had its costs. 
Domestic anticommunism perhaps encouraged Malina to resign as director in 
1946, as he had moved in left-leaning circles in the 1930s and come under the 
suspicion of the FBI. It certainly cost the lab the later services of Tsien; when 
he sought to return to Maoist China, the federal government detained him 
in the United States and barred him from classifi ed material and thus from 
JPL.4 Military work had programmatic consequences as well. The army had 
pushed for a broad program on guided missiles, and the lab began to acquire 
expertise in electronics as well as in aerodynamics and propulsion. To high-
light the shift, in 1954 William Pickering, an electrical engineer from Caltech, 
assumed the directorship of JPL, replacing Louis Dunn, Malina’s successor.

Pickering’s low-key geniality and informality belied the increasing orga-
nization of the lab. From the war through the late 1950s JPL designed and 
built a series of larger and longer-range missiles, designated by military rank: 
from the Private to Corporal and fi nally Sergeant. The work initially entailed 
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much basic research in chemistry, physics, aerodynamics, and electronics; 
but the army wanted an operational weapon in the end, and the national 
emergency of the early 1950s—the Soviet atomic bomb, war in Korea, and 
development of tactical nuclear weapons—increased the urgency for a tactical 
missile. In 1950 the army asked JPL to weaponize the Corporal, primarily 
to carry nuclear warheads, and over the next several years JPL moved from 
research into development and then production functions, and even into 
training troops in use of the weapon.5

Corporal started JPL’s transition from a small, unclassifi ed, academic 
research outfi t to a large, secret, development organization. The transition 
intensifed in 1954 when JPL undertook Sergeant, which would use solid in-
stead of liquid propellants. An ad hoc, academic design process and loose or-
ganization had proved insuffi cient to handle the many problems on Corporal, 
including component failure, integration of components into subsystems and 
systems, oversight of contractors, and operation and training. The solution 
was managerial, not technological. The Sergeant managers—Robert Parks 
and his deputy, Jack James—included reliability, testing, and maintenance 
factors in the component design process, standardized the test and safety 
procedures, and, a crucial step, insisted on a progressive design freeze, with 
documented control of all changes. These procedures enabled JPL to develop 
Sergeant largely on schedule. From a longer view, they represent the initial 
steps toward the techniques of systems engineering.6

By 1953 JPL had more than 1,000 staff and a budget of $11 million. Despite 
the army’s assurances, most of the work was secret: by 1958 almost two-
thirds of lab publications were classifi ed. The increasing secrecy, formality, 
and production nature of the work weakened links with campus, but Caltech 
administrators and trustees rebuffed suggestions to transfer the lab to another 
contractor or to the army itself.7

Onward and Upward with NASA

Von Kármán had initially intended to extend the missile series up through 
colonel, “the highest rank that works.” But Pickering chafed under the 
pressure of developing weapons systems, and he and Caltech president Lee 
DuBridge determined not to go beyond Sergeant. The lab instead looked 
outward, and upward, for new opportunity. JPL rocketeers had always kept 
an eye on space as a destination for their hardware. In 1949 they reached it, 
with a version of the Corporal launched on top of a V-2 rocket to a height 
of 250 miles. In 1955 JPL renewed this collaboration with expropriated Ger-
man rocket scientists at the Army Ballistic Missile Agency (ABMA), for 
whom JPL developed a radio-guidance system and reentry vehicle for an 
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intermediate-range ballistic missile. This work led to a tracking system that 
could detect very faint radio signals thousands of kilometers away and to a 
proto-satellite vehicle.8

The federal government was meanwhile prosecuting the crash program 
for an intercontinental ballistic missile and beginning to appreciate the ap-
peal of space for international prestige as well as military uses. The United 
States declared its intent to launch a satellite as part of the International 
Geophysical Year in 1957–58, but President Eisenhower insisted on a civil-
ian, science-oriented precedent and thus sank a collaborative proposal from 
the army’s labs at JPL and ABMA. Then, on 4 October 1957, the Soviets 
launched Sputnik. When the hurried American response failed dismally on 
the launch pad, JPL and the army got the green light to enter the space race. 
JPL’s tracking system and reentry vehicle earned it the right to build the 
satellite, known as Explorer 1. The triumphant launch of Explorer on 31 
January 1958 propelled JPL into the public eye and also into a leading role 
in the nation’s space program.9

JPL followed with more Explorers and two Pioneers, the last of which 
aimed for the moon and signaled JPL’s intent to push beyond earth orbit. 
Meanwhile, after much debate, Eisenhower and Congress in mid-1958 created 
the National Aeronautics and Space Administration (NASA). NASA coveted 
JPL’s space expertise, and on 1 January 1959 the lab transferred to the new 
agency. JPL would thence have to negotiate its role amidst the often overlap-
ping missions of other NASA centers. NASA assigned JPL responsibility for 
automated spacecraft for lunar and planetary exploration, which solidifi ed 
the shift away from its titular interest in propulsion. In the heady days of the 
early space race, JPL planners laid out a series of fl ights to the moon, Venus, 
and Mars, culminating in a manned fl ight around Mars and back in 1965. 
They worried that this program lacked ambition. NASA instead accepted a 
more measured plan for three main fl ight series: fi rst, reconnaissance fl ights 
to the moon known as Ranger; then Surveyor, to soft-land a spacecraft on 
the moon; and, concurrently, Mariner probes to Venus and Mars.10 But even 
this scaled-back program would push JPL to the breaking point and beyond, 
and force the lab to forge a new regime.

The shift from rockets to spacecraft was not just a matter of master-
ing new technical fi elds. JPL engineers went from developing production-
line weapon systems, with dozens or hundreds of test fl ights, to designing 
 custom-built spacecraft that were too elaborate and expensive to test in fl ight. 
The Corporal and Sergeant programs in the 1950s had impelled the fi rst steps 
toward systems engineering, but in the rush of the early space race JPL man-
agers had dispensed with formal methods in favor of quick results, fi ring off 
spacecraft until project engineers learned how to make one fl y.11
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JPL learned the hard way that space missions might not resemble production-
line missiles. From 1961 through 1962 the Ranger program suffered a series 
of mishaps. The launch vehicles failed for Rangers 1 and 2. Ranger 3 survived 
launch vehicle problems only to be bitten by a bug in JPL’s fl ight software: 
a single reversed sign altered the trajectory, sending the craft in a direction 
opposite to that intended. Ranger 4 fl ew the correct path, but its communica-
tions failed and the spacecraft sailed silently, dumbly, into its perfect impact 
on the moon. After Ranger 5 missed the moon altogether NASA called a 
halt. It was not just the cost the nation could not tolerate, but also the em-
barrassment. The space race put a premium on quick results, but above all 
on results alone, and each failure undermined international perceptions of 
American prestige.

NASA’s failure review board traced the problem to JPL’s “shoot and 
hope” approach. JPL needed to test components and verify systems on the 
ground beforehand to ensure that spacecraft would work right the fi rst time. 
To correct what NASA called “a loose anarchistic approach to project man-
agement,” Pickering assigned new managers to Ranger, bringing in Bob Parks, 
the former Sergeant manager, as head of the lunar program and Harris “Bud” 
Schurmeier as Ranger project manager. Parks and Schurmeier applied the 
rigorous methods of systems engineering, including a formal design review 
and failure reporting system. The most important management technique 
involved design freezes and change control: at particular stages the project 
manager froze the design of a component, allowing modifi cations only with 
his written approval. The project manager thus kept individual engineers and 
scientists from pursuing indefi nite improvements at the expense of the overall 
schedule, budget, and reliability. All of this relied on formal documentation to 
record, report, and enforce management decisions. JPL thus helped originate 
the discipline, in both senses of the word, of systems engineering.12

The crucible of Ranger also forged a new organizational structure. 
Through the 1950s Pickering had favored a functional organization, with 
staff divided among several technical divisions akin to disciplinary academic 
departments. Such a structure served well while JPL worked mainly on one 
large project at a time, but as the lab entered the space program and undertook 
a number of concurrent projects, it adopted a matrix organization. The matrix 
overlaid the technical divisions with a number of small, temporary project of-
fi ces. Almost all the permanent staff resided in the technical divisions, which 
each project would draw on as necessary. The matrix thus allowed technical 
people to fl oat from project to project while providing them a permanent 
home in the organization. In effect, the project offi ces controlled money and 
the technical divisions controlled people. The original matrix, however, was 
weak; the technical divisions kept most of their authority and left little to the 
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project offi ces, which hired technical staff subject to the whim of the technical 
managers. After the failures Pickering gave project managers authority over 
all staff assigned to their project.13

Although Ranger may have been on the brink of success in its original 
mode, its subsequent results cemented the foundation of project management. 
The 1960s may have been the heyday of the technological fi x—the tendency 
of American society to seek solutions to almost any problem through won-
derful new technologies—but Ranger, though itself a technological tour de 
force, represented instead a managerial fi x. Jack James was meanwhile already 
applying the formal approach to Mariner in parallel to Ranger, including 
failure reporting, design freezes, and change control. Although the launch 
vehicle failed on the fi rst Mariner, doomed by the omission of a single hy-
phen in the guidance equations, Mariner 2 fl ew fl awlessly to Venus in late 
1962. After Mariner 3 failed, Mariner 4 in 1964 returned the fi rst close-up 
pictures of Mars and showed up the Soviets after their fi ve failures to reach 
the red planet. Subsequent Mariner fl ights—to Venus in 1967, Mars in 1969, 
to orbit Mars in 1971, and to Venus and Mercury in 1973—demonstrated 
JPL’s mastery of high-reliability spacecraft and built up a cadre of experienced 
project managers.14

There was another, less publicized product of the early space missions, 
albeit a physically large one. JPL had won the Explorer mission in part thanks 
to its radio tracking work, and it began setting up a worldwide network of 
radio antennas, capable of communicating at any time with satellites in any 
orbital position around the earth. Such a network required three sites about 
120 degrees apart in longitude. For the fi rst and main site communications 
engineers, led by Eberhardt Rechtin, a Caltech PhD in electrical engineer-
ing, chose the Goldstone dry lake bed in the Mojave desert, about a hundred 
miles east of JPL. For the other nodes of what was called the Deep Space 
Network, JPL eventually settled on stations at Tidbinbilla in Australia and 
near Madrid in Spain, each of which by the early 1970s had antennas 26 
meters and 64 meters in diameter.15

The massive antennas of the Deep Space Network enabled reception of 
signals transmitted by very low power spacecraft transmitters across hun-
dreds of millions of kilometers. But large aperture alone was not enough. 
Hydrogen masers provided a precise frequency standard to ensure phase 
coherence of uplinked and downlinked signals, and cryogenic cooling of the 
ground receivers helped reduce signal noise. JPL engineers also developed 
complex codes to apply to the signals to screen out noise and transmission er-
rors, as well as ones for data compression and pseudo-noise codes to prevent 
anyone—say, the Soviets—from eavesdropping or hijacking the spacecraft. 
Such techniques made JPL an important early center for telecommunications 



The Inheritance • 7

coding, and the techniques and the people themselves would help drive the 
emergence of the telecommunications industry, especially cellular phones, 
decades later.16

JPL’s new regime in the 1960s had a breaking-in period. Ranger 6, the 
next fl ight in the series, seemed to go without a hitch right up to impact on 
the moon, but the live television pictures of the headlong descent to the lunar 
surface, supposed to be the highlight of the mission, never appeared. The 
blank monitors before the assembled dignitaries and media led to renewed 
grilling by NASA, joined now by Congress. The political castigation signifi ed 
another important transition for the lab. As a sponsor, Army Ordnance had 
provided little oversight. The shift to NASA as sponsor brought account-
ability to JPL, and the high visibility of the space race ensured that failures 
would receive political scrutiny. NASA also cultivated its own technical staff, 
as capable or more so than JPL engineers, at least in their own view; these 
NASA engineers tried to exercise their perceived prerogative as program 
managers, against JPL resistance.

Much political scrutiny centered on JPL’s anomalous position within 
NASA: unlike the other NASA centers, JPL was owned and paid for by 
the government but operated by a contractor, in this case Caltech. Where 
the boundary lay between the public and the private depended on one’s 
point of view. From the perspective of NASA and Congress, the govern-
ment was paying for the work and thus had a right to say how it should be 
done. Caltech and JPL, however, replied that the point of contracting was 
to provide an independent environment free from the constraints of civil 
service bureaucracy; if NASA wanted to dictate how the lab was run, why 
not run it as a government lab in the fi rst place? NASA did in 1962 consider 
this step, but it also appreciated the independence Caltech imparted and the 
cachet, and circumvention of civil service regulations, that aided recruitment 
of top-notch staff. Nevertheless, amid the Ranger failures, NASA tilted the 
balance from autonomy to accountability.17

The contract with Caltech added a third leg to the NASA-JPL relation-
ship. What, wondered NASA, did Caltech contribute to JPL? JPL initially 
had relied on Caltech faculty as senior managers, and every director of the lab 
had come from the faculty; into the early 1950s, one-third of the professional 
staff were Caltech graduates. But joint appointments between lab and campus 
declined, as did the fraction of Caltech grads at the lab. Caltech was also 
supposed to provide administrative oversight, but the president and trust-
ees of Caltech had little say in programmatic or operational matters at JPL. 
NASA, in particular, felt Caltech did little to earn its management fee, a sum 
awarded the institute on top of indirect costs. The fee was intended to cover 
Caltech’s liability in case the contract was terminated and to  compensate for 
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intangible costs to the campus, such as the effect of JPL failures on Caltech’s 
reputation. In practice, Caltech came to rely on the fee to boost the general 
campus budget. Caltech’s main contribution to JPL may have been its name 
and image, although that could cut both ways as traditional campus elitism 
could make lab staff feel like second-class citizens. For its part, besides the 
fee, Caltech did not see many other benefi ts conferred by its association with 
JPL, although it would come to appreciate the public attention to spacefl ight 
successes, and individual faculty were starting to capitalize on access to JPL 
spacecraft.18

JPL maintained relationships across another boundary, with industry. It 
was not by chance that JPL resided in southern California, the geographic 
epicenter of the aircraft and aerospace industry in the United States. Caltech’s 
aeronautics programs had close ties from the 1920s to nearby aircraft fi rms, 
and its research and graduates helped fuel the prewar growth of the local 
aircraft industry.19 JPL itself spun off Aerojet during the war, to mass-produce 
rockets to assist aircraft takeoffs; the fi rm would become a major defense 
contractor. The symbiosis continued in the cold war, and JPL’s evolution 
resonated with the diversifi cation of local industry from aircraft to aerospace. 
Several industry leaders would later serve as Caltech trustees, and as such 
they oversaw JPL policies and injected industrial perspectives. Meanwhile, 
cold war appropriations to the aerospace industry helped transform the Los 
Angeles basin from sunbelt orange groves and movie studios into a gunbelt 
metropolis.20

The common evolution and interests of JPL and industrial fi rms brought 
them into competition for programs as well as personnel. The political in-
fl uence of the aerospace industry ensured that NASA would try to limit 
in-house research at its own labs and instead contract work to industry. 
JPL engineers, however, viewed the nascent space industry as incompetent 
to carry out advanced R&D and ineffi cient in production roles, especially 
in the fi elds of electronics and rocket propulsion.21 The Surveyor project 
illuminated skirmishes along the public-private divide. Although JPL built 
most of the Ranger and Mariner spacecraft itself, for Surveyor NASA turned 
to an industrial contractor, Hughes Aircraft, under JPL supervision. Un-
like Ranger, Surveyor was trying not to hit the moon head-on but to land a 
spacecraft gently on it, and technical optimism led to major cost overruns 
and schedule slips. JPL blamed a lack of experience at Hughes, but NASA 
and Congress also noted JPL’s own disinterest. Lab staff had little personal 
incentive to look over the shoulders of Hughes engineers when they could 
be engineering Ranger or Mariner spacecraft themselves. In response to criti-
cism, JPL stepped up its oversight, detailing 500 staff to ride herd on Hughes. 
The episode illustrated the political tightrope that JPL had to tread: NASA 
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and Congress insisted on strict oversight of contractors but also demanded 
a role for private industry.22

Despite prickly relations with NASA, the space program proved a fertile 
environment for JPL. Lab staff mushroomed from about 2,500 in 1960 to 
4,650 in the late 1960s before declining to around 4,000 in the early 1970s, 
with a professional staff of largely young, almost exclusively white males, 
refl ecting the technical labor pool of the time.23 The lab culture refl ected the 
attitudes of bright young men who were willing to work hard—and play 
hard. The early missile test fl ights had required sites more remote than the 
Arroyo, and JPL rocketeers had trekked to the White Sands missile range 
in New Mexico, where all-night poker games on the train ride to the desert 
were followed by tequila-fueled runs to Juarez.24 They found different di-
versions at the boomtown spaceport of Cape Canaveral in the 1960s, where 
a number of JPL engineers would go to prepare each spacecraft for launch. 
These road trips merged work and social lives and bound lab staff with a 
shared experience and values, including a formidable work ethic. Launches, 
and lab life in general, were not all play. Far from it—the bacchanalia blew 
off steam from hundred-hour work weeks around launches and planetary 
encounters, and sometimes not much less in normal business.

The work paid off in results—and in confi dence, a can-do attitude that to 
outsiders smacked of arrogance. T. Keith Glennan, the fi rst director of NASA, 
attributed the Ranger failures to JPL’s “ambitious, cock-sure attitude,” and 
even JPL admirers spoke of the lab’s esprit as “almost offensive. It’s like the 
Marines.”25 Although JPL people at times complained of the snobbery of 
Caltech faculty, some campus elitism may have rubbed off through associa-
tion. The results, however, were real. The most tangible products were the 
spacecraft themselves. In order to keep antennas pointed at Earth for com-
munication and solar panels at the sun for power, the Ranger and Mariner 
craft were stabilized in three dimensions, requiring complex guidance and 
control systems to keep proper attitude. Three-axis stabilization marked a 
major advance past the spin-stabilized Explorers and early Pioneers, which 
simply spun about their roll axis like a rifl e bullet to maintain their trajec-
tory.26 It also perhaps encouraged imaging experiments, which required a 
stable platform, against experiments on particles and fi elds that benefi ted 
from spinning to sample all directions.

These spacecraft returned scientifi c data that revolutionized our knowl-
edge of the solar system, starting with Explorer 1 and the discovery of charged 
particles trapped in Earth’s magnetic fi eld, now known as the Van Allen belts. 
Planetary missions replaced the fuzzy images from ground-based telescopes 
with up-close views across the electromagnetic spectrum. Mariner fl ights 
found a hothouse Venus, with surface temperatures of 900˚F and pressures 



10 • The Inheritance

ninety times greater than on Earth.27 Numerous craters detected by Mariner 10 
on Mercury indicated a large number of planetesimals shooting through the 
inner solar system early in its history, a period dubbed the “Great Bombard-
ment” that supported catastrophist theories of Earth’s geological and biologi-
cal history.28 Perhaps the most surprising results came from Mars. Mariner 
4 found no evidence for an earth-like atmosphere or water on its surface, 
no magnetism or radiation belts to betray an earth-like dynamic metal core, 
and signs that the polar ice caps were solid carbon dioxide, or dry ice. Later 
fl ights revised this Mars-as-moon picture by revealing geological features 
dwarfi ng any on Earth: volcanoes hundreds of kilometers across and almost 
twenty kilometers high, and a grand canyon thousands of kilometers long 
and fi ve kilometers deep, called Valles Marineris in honor of its mechanical 
discoverer. Most surprising was evidence that Martian canyons had been 
carved by running water, probably from subterranean sources in a brief, 
ancient aqueous phase in the planet’s history. The past presence of water 
rekindled speculation about life on Mars, with important consequences for 
the future of the planetary program.29

Ranger and Surveyor returned evidence that the moon had gone through 
a hot, molten phase and had not always been cold and hard, but they could 
not resolve competing theories about lunar origin: whether it was captured 
by Earth, fi ssioned from it, or had emerged at the same time as Earth as a sort 
of double planet.30 The moon missions were primarily intended to prepare 
the way for Apollo, not to produce scientifi c data; plans for several experi-
ments on Ranger were dropped to concentrate on television images to scout 
landing sites as well as spark public interest.31

The space program, that is, had two aims, science and exploration, which 
did not always converge. Rockets and spacecraft gave scientists direct access 
to space for the fi rst time and thus promised—and delivered—remarkable 
advances. But space also beckoned humankind in general, with the fulfi llment 
of primitive dreams of fl ight to the heavens.32 The “new frontier” of space 
appealed in particular to the tradition of the frontier in American history, 
and NASA thus pursued in parallel both robotic probes and human space-
fl ight, despite the arguments of scientists that robots could do anything a 
human could do in space, and cheaper and more safely. The dual goals were 
not expressed just in terms of human versus robotic missions. JPL’s planners 
also weighed tradeoffs between scientifi c goals and other priorities. In their 
fi rst proposals for space projects, JPL mission designers ranked public rela-
tions second only to feasibility as a priority, ahead of scientifi c and technical 
objectives.33 Mariner 2 landed Pickering on the cover of Time magazine and 
as grand marshal of the Rose Parade in 1963, indicating the public interest 
in the planetary program.34
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Despite the popular interest in space, JPL was driven from its creation 
most fundamentally by the demands of national security, at fi rst directly 
as an army lab, then as a leading element in America’s space race against 
the Soviets. National security proved a potent and reliable source of sup-
port, fueling JPL’s growth from a small rocketry project to a diverse R&D 
organization, but the association with national security could subordinate 
scientifi c goals to sociopolitical ends. It also exposed JPL to shifts in the cold 
war climate, which could threaten to dry up the political and social support 
for JPL’s planetary missions.35

JPL circa 1976

The United States in the mid-1970s entered a new era. The Vietnam War, 
Watergate, and the energy crisis combined to erode the confi dence of a post-
war generation unaccustomed to hardship. Despite détente with the Soviet 
Union and rapprochement with China, the cold war continued, with a So-
viet strategic arms buildup raising the nuclear stakes. American economic 
hegemony seemed to end, with an industrial challenge from Europe and 
Japan especially strong in high-tech fi elds. As the country tried to muster 
enthusiasm for its bicentennial year, the celebrations were tempered by a 
deepening sense of malaise.

American science and technology in this period meanwhile had come 
under criticism for their association with military weapons and environ-
mental degradation. The 1960s counterculture challenged Enlightenment 
assumptions that knowledge equals progress, especially scientifi c knowledge; 
Pickering lamented in 1974 that “science and technology changed almost 
overnight from hero to antihero.” Federal funding of basic research also 
came under question at a time of heightened concern about poverty, crime, 
pollution, and other pressing social problems. From presidents and program 
managers, the word went out to emphasize social applications of science and 
technology instead of knowledge for its own sake.36

The American space program reached its zenith amid the crescendo of 
counterculture criticism of science and technology. After Apollo won the 
space race, NASA’s space budgets fell from a peak of more than $5 billion 
in the mid-1960s to less than $3 billion in the early 1970s, in current dollars; 
in constant dollars the decline was even more precipitous, with mid-1970s 
budgets at about one-third of the 1966 peak.37 To provide a new focus for the 
space program and aerospace industry after Apollo, NASA and President 
Nixon decided to build the space shuttle, a reusable booster and orbiter that 
would, in theory, cut the cost from expendable launch vehicles; in practice, 
the shuttle development would cost far more and take longer than expected.38 
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Nixon’s policy of détente with the Soviet Union also curtailed cold war 
competition as a driver for the space program, replacing it with coopera-
tion; the centerpiece of this program, the Apollo-Soyuz rendezvous, fl ew 
in July 1975.39

The space shuttle program perpetuated the division between the human 
and robotic space programs. Within the robotic program itself, NASA man-
agers encouraged competition to prod JPL’s performance. Thus the Mariner 
10 spacecraft beat out an alternative design proposed by the Goddard Space 
Flight Center; the Ames Research Center in Palo Alto, California, ran the 
Pioneer missions, which included two spin-stabilized spacecraft sent to Jupi-
ter in 1973 and 1974, and an orbiter and probe to Venus in 1978; and NASA’s 
Langley Research Center in Virginia developed the Viking mission in 1976, 
an ambitious plan for two identical orbiters and landers to visit Mars and 
soft-land a biological laboratory to test for life. JPL built the Viking orbiters, 
but not the more glamorous landers.40

NASA could encourage competition in prosperous times, but amid de-
clining budgets these overlapping programs appeared as a luxury. A NASA 
study of “roles and missions,” completed in 1976, retreated from the prin-
ciple of competition and assigned JPL sole responsibility for planetary fl ight 
projects.41 But the lab had no active planetary missions besides the Voyager 
mission to Jupiter and Saturn, approved in 1972 and slated for launch in 
1977. The deepening sense of malaise at JPL belies portrayals of the 1970s as 
a “golden age” of planetary exploration—while the planetary program was 
indeed reaching its apogee, the impulse that had propelled it had burned 
out.42

By 1976 fl ight projects occupied about half of JPL staff, down from 
two-thirds in the mid-1960s. The rest of the staff had mostly worked on 
technology development and the Deep Space Network, but to pick up the 
slack in the 1970s JPL diversifi ed. Diversifi cation was an institutional strategy 
but also expressed technocratic ideals; in the afterglow of Apollo, systems 
engineering could appear as the source of American success.43 The urge to 
apply science and technology to social problems reached through NASA 
to JPL, where Pickering proclaimed, “We must learn to satisfy the human 
condition with technological means.” JPL engineers turned their techniques 
to problems in biomedicine, urban transportation, and police surveillance 
and communications. Social problems would prove diffi cult to solve with 
space technology and techniques, but the civil systems program did help 
keep JPL afl oat.44

Having made the transition from army rocket arsenal to NASA spacecraft 
center, in 1976 JPL faced a shift from the buoyant Apollo-era program to 
an austerity plan of diversifi cation. It also confronted a change in directors 
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for the fi rst time in more than twenty years. Pickering was turning sixty-
fi ve, the mandatory retirement age for Caltech administrators. The lab had 
quadrupled in size on his watch, and many JPL staff had known no other 
director. That, as Caltech president Harold Brown noted at the retirement 
ceremony, made “the institution the lengthened shadow of a man”: the 3,000 
guests that day wore buttons featuring Pickering’s caricature and the words 
“Mr. JPL.”45 As America entered a new era of unease, Pickering’s successor 
would inherit a large enterprise with a strong record, but one maturing into 
middle age with increasing insecurity.
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AS IT HAD DONE WHEN NAMING PICKERING AND HIS PREDECESSORS, CALTECH 
looked to its own ranks to fi ll the JPL director’s chair in 1976. The search 
settled on Bruce Murray, a forty-three-year-old geology professor—a rela-
tively young man, as Pickering had been when selected, but unlike  Pickering, 
a scientist and not an engineer. JPL at Pickering’s retirement numbered more 
than 4,000 people, with budgets of $250 million. The man chosen to lead it 
had managed a six-person team of geologists with a $200,000 budget.1 Mur-
ray seems to have been selected not for his managerial skills, but rather for 
his imagination and dynamism. He also came as a champion of imaging ex-
periments, both for scientifi c return and public appeal; for example, Murray 
used photos of Mars from Mariner 4 to wow the Senate Space Committee in 
1965.2 This knack for political salesmanship and public engagement, which 
Murray demonstrated in several books for a popular audience, would serve 
him well in his tenure as director.

Murray had earned his PhD in geology in 1955 at MIT. He had been in the 
ROTC as an undergraduate and had fulfi lled his required two-year service 
as a lieutenant in the air force, studying the earth’s gravitational fi eld to help 
guide ballistic missiles. He later won a postdoctoral position at Caltech for 
planetary studies, starting with ground-based telescope observations and 
then joining the camera teams for the Mariner fl ights. By Mariners 9 and 
10, Murray was head of the camera team, a full professor on campus, and 
recognized as a leading authority on Martian geology.

Whereas Pickering admitted to “an outlook that is too conservative—short-
sighted of the possibilities,” Murray counted himself a dreamer and visionary, 
and he would prove fond of cooking up blue-sky plans for deep space.3 But 
he, too, betrayed a measure of conservatism. Unlike his good friend Carl 
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Sagan, who felt free to ponder Martian microbes and balloon animals fl oat-
ing through the atmospheres of Venus and Jupiter, Murray shied away from 
speculation. His main scientifi c contributions in the Mariner series helped 
puncture the possibility of life on Mars, leading Sagan to criticize Murray 
as living “on the side of pessimism.” Murray’s conservatism extended to his 
programmatic approach, where he favored cautious, incremental advances in 
missions instead of large leaps with complex, expensive spacecraft. He had 
thus opposed what he saw as overly ambitious plans for Mars exploration 
in the 1960s, dismissing a forerunner of the Viking mission as an “extrava-
gant fantasy” and favoring the step-by-step approach of the Mariner series.4

Murray also exuded a whiff of the counterculture, even as he maintained 
his connections to military space programs through government advising and 
consulting for the Rand Corporation through the 1960s.5 Murray viewed the 
1970s as a period of unprecedented revolutionary change. In a talk in 1977 
he declared that “materialism, in the sense of simply more and more, just 
does not make sense any longer”; instead, “quality will rule over quantity.” 
Unlike many counterculture critics, Murray did not reject technoscience; 
on the contrary, technological advances were, in his view, driving the social 
revolution. He did, however, urge that technologists shed their elitist isolation 
and integrate with society, and he called as well for smaller, decentralized 
technological systems.6 Murray’s approach extended to his sartorial style, 
which consisted of shorts and sandals before he became director and tended 
toward casual shirts instead of conservative suits and ties afterwards.

Above all, Murray represented change—not just in the director’s seat, 
but also as a personal philosophy, an attitude that perhaps won him the job 
from Caltech administrators seeking “a breath of fresh air” at JPL.7 Murray’s 
forthright, opinionated personality ensured a stiff breeze. Change could be 
good for an institution that had developed set ways of doing things and 
was seeking new directions in an uncertain environment. But change also 
threatened the stability offered by a highly organized institution. Like all 
large organizations, JPL faced the basic problem of balancing stability and 
change, of reducing risk without stifl ing innovation. JPL had been tilting 
toward the risk-reduction side for years. Murray would jump on the other 
side of the balance, rhetorically at least, but his underlying conservatism also 
led him to perpetuate certain traits of the lab, most importantly its approach 
to building spacecraft.

A Ticket for the Grand Tour?

Murray’s public persona and his advocacy of imaging made him an ideal 
leader to trumpet JPL’s most spectacular success, the Voyager tour of the 
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outer planets. Planetary exploration had been limited to the inner solar system
—the solid, smaller planets Mercury, Venus, and Mars. The gaseous giant 
planets of the outer solar system, much different from Earth, remained un-
explored except from ground-based telescopes because of their distance. A 
direct fl ight to Neptune, for example, would take about thirty years even 
when powered by the huge Saturn V launch vehicle.

In the 1960s, however, JPL mission planners found an easier, elegant 
way to reach the outer planets in the technique known as gravity assist, 
which sought to use gravity from planets as a means to slingshot spacecraft 
to higher velocities. The effect of gravity on interplanetary trajectories was 
well known, but in 1961 Michael Minovitch, a graduate student at JPL for the 
summer, found that a close encounter with a planet could not only change 
the trajectory but also increase the velocity of a spacecraft, in a sort of ce-
lestial crack-the-whip, and that a spacecraft might thereby slingshot around 
the solar system indefi nitely, using only enough rocket propulsion to reach 
the fi rst planet.8

Gravity assist was useless without a spacecraft that could fl y it. At the 
time of Minovitch’s work, JPL was struggling to shoot a spacecraft into 
the moon; the lab fi rst had to learn how to do that, then get one to another 
planet, before it could think about building spacecraft that could survive a 
trip to multiple planets. The gravity-assist concept itself was not proven until 
Mariner 10 in 1973, which swung by Venus on the way to Mercury. But its 
real payoff lay in the outer solar system. In 1965 Gary Flandro, a Caltech 
graduate student similarly at JPL for the summer, plotted detailed trajectories 
to Jupiter and Saturn. He found not only prime launch windows in the late 
1970s, but also that Uranus and Neptune at that time would be on the same 
side of the sun as Jupiter and Saturn, a conjunction that Flandro calculated 
would occur once every 176 years. A spacecraft launched toward Jupiter in 
the late 1970s could thus conceivably hit all four giant outer planets, and if 
JPL started soon, it would have ten years to design a mission and build a 
spacecraft for this rare opportunity.9

A gravity-assisted trajectory past Jupiter promised to cut the fl ight time 
to Saturn from six years to three, to Uranus from sixteen years to six, and to 
Neptune from thirty years to eight. Better yet, it allowed a single spacecraft 
to cover the outer planets in one fell swoop. What Homer Joe Stewart of 
JPL called the “Grand Tour” produced a profusion of mission design stud-
ies, which soon concentrated in the Thermoelectric Outer Planet Spacecraft 
(TOPS) program. The overall mission called for identical twin spacecraft to 
launch for Jupiter, Saturn, and Pluto in 1977 and another pair for Jupiter, 
Uranus, and Neptune in 1979, with the four TOPS thus covering all the 
outer planets.10
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Planetary scientists responded with enthusiasm to NASA’s initial request 
for experiments in 1970, but ambitious experiment proposals, coupled with 
the engineering challenge of just getting a spacecraft to the outer solar system, 
doubled initial cost estimates toward the billion-dollar range. In December 
1971 NASA administrator James Fletcher canceled the Grand Tour. The 
cancellation surprised fans of the Grand Tour at the Offi ce of Management 
and Budget, who abandoned their usual hard fi scal line and offered funds for 
a scaled-back mission. JPL managers countered quickly with a mission to 
Jupiter and Saturn based on the Mariner spacecraft, with two identical craft 
to be launched in 1977; the early cost estimates of $250 million were about 
one-third those of the Grand Tour. The scaled-back plan addressed technical 
as well as fi scal doubts, since stopping at Saturn required the spacecraft to 
survive only four years instead of ten or twelve. Mariner Jupiter-Saturn ’77, 
or MJS77, quickly won approval in 1972, just a few months after Fletcher 
killed the Grand Tour.11

The shift from the Grand Tour to MJS77 suggests a tendency by JPL 
to think big unless otherwise constrained. The tendency is understandable; 
without it the outer planets mission in particular, and space missions in gen-
eral, would have been more timid endeavors, if they ever got off the ground 
at all. The Grand Tour concept in theory cut costs by precluding the need for 
individual probes for each outer planet, each of which would have had to run 
the political gauntlet in Washington. But the development of the Grand Tour 
nevertheless suggested a lack of restraint and, perhaps, of political acumen. 
Even before Grand Tour got the ax, Murray had advanced his incrementalist 
philosophy from an advisory role, suggesting that a less ambitious proposal 
based on the Mariner spacecraft might be technologically and politically 
more realistic.12 In this case JPL was encouraged to return with just such a 
plan, but it would not always have a fall-back position.

Pork Chops and the X Factor

The theoretical existence of a gravity-assisted trajectory did not guarantee 
that a spacecraft could fl y it in practice. JPL mission designers had to dem-
onstrate that they could navigate the required ballistic trajectory to the outer 
planets with suffi cient accuracy to hit the limited window at each planet 
that would sling the spacecraft in the right direction. Voyager aimed for 10-
kilometer accuracy over distances of billions of kilometers, compared to an 
accuracy of 10,000–100,000 kilometers for the Mariners in the early 1960s 
and 100 kilometers for Viking at Mars.13 They also had to choose where, 
exactly, the spacecraft should fl y. Mission planners—notably Roger Bourke 
and then Charles Kohlhase—plotted possible launch dates and trajectories, 
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seeking to fl y close, but not too close, to Jupiter and Saturn and as many of 
their moons as possible. The daily rotation of the earth and the wheeling of all 
three planets about the sun and the moons about their planets, each at its own 
rate, made for a mind-boggling job. Computers helped. Terrestrial concerns 
did not. Mission designers tried to avoid planetary encounters taking place 
on Thanksgiving or Christmas, and they also sought to complete the Saturn 
encounter before the end of the 1981 fi scal year. Keeping such constraints in 
mind, Kohlhase and his crew generated 10,000 possible trajectories from plots 
of constant launch energy, called “pork-chop curves” from their distinctive 
shape. From these possibilities they selected a hundred or so trajectories that 
best satisfi ed mission objectives.14

The multiple goals of the mission further complicated calculations. The 
general scientifi c objectives had fi rst been hammered out by a committee of 
planetary scientists in 1970.15 Following their recommendations, for MJS77 
NASA had selected ninety scientists for eleven different teams, each team 
working on a single experiment, such as imaging, radio science, or infrared 
spectroscopy. The objectives of the different groups did not always align. 
Imaging scientists, for example, wanted to view the sunlit side of a satel-
lite whereas radio science and ultraviolet (UV) spectrometer experimenters 
preferred to fl y behind it to see radio waves or sunlight pass through the 
atmosphere. Even within teams there could be a diversity of approaches, such 
as imaging team members preferring planetary rings to planets or satellites. 
And once everyone agreed on a trajectory, squabbles still arose over the se-
quence of experiments: one science team—for the imaging camera, say, or the 
ultraviolet spectrometer—could seek several hours of precious time during a 
close encounter for a single measurement they considered crucial, while the 
other teams clamored on behalf of their equally crucial experiments.16

Moderating such disputes required “a Solomon and a half,” in the words 
of Arthur Lonne Lane, a member of the science integration team. Voyager 
scientists were dedicating several years to a project that returned most ex-
perimental data during the few days of encounters, and their results—and 
careers—depended on securing scarce observing time. “It never came to fi sti-
cuffs . . . but there were some pained and pointed discussions.”17 The pleasant 
role of referee fell to Edward Stone, a professor of physics at Caltech who 
served as the project scientist. Stone, a genial Midwesterner, had obtained a 
PhD in physics at Chicago in 1964; he had come to Caltech as a postdoc to 
study cosmic rays and earned a spot on the faculty. In 1972 Voyager project 
manager Harris (“Bud”) Schurmeier asked him to be Voyager project scien-
tist and Stone reluctantly agreed; he proved an adroit consensus-builder who 
had the scientifi c stature to enforce unilateral decisions when he could not 
negotiate a compromise.18
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Although JPL planners made the most of it, MJS77 was a disappointing 
substitute for the Grand Tour. Since Ames was already sending Pioneer space-
craft to both Jupiter and Saturn, MJS alone would not break new ground, 
although it promised a much higher scientifi c return (and in particular a stable 
platform for imaging, unlike the spinning Pioneers). But MJS picked up most 
of its managers directly from the Grand Tour, from Schurmeier on down; 
they brought their initial plans with them but kept them under their hats, 
and as they designed the MJS mission they quietly ensured the possibility of 
extending it. The trajectory set included aim points to swing a spacecraft to 
Uranus; the radio system included an upgraded encoder to protect against 
failure but also to augment the capability to transmit from Uranus; and the 
sun sensor had amplifi ers to boost its sensitivity to the level necessary at Ura-
nus. Other features justifi ed for reliability and redundancy on the nominal 
mission could also be reconfi gured for use beyond Saturn.19

The notion of a conspiracy at JPL to end-run the approved mission and 
pull off the Grand Tour—the clever engineers subverting the timid bureau-
crats—has some appeal, and it has acquired legendary status.20 But Schurmei-
er’s team also embraced versatility for the opposite reason. They assumed in 
the early design stages that a second, separate mission for Jupiter, Uranus, and 
Neptune would be approved for launch in 1979, using the same MJS space-
craft with different instruments bolted onto it. NASA declined to pursue the 
second round, probably for lack of launch vehicles, but the unfulfi lled plans 
left the legacy of a spacecraft designed to go beyond Jupiter and Saturn.21 The 
eventual Voyager spacecraft design, that is, displayed continuity with the go-
for-broke Grand Tour approach, but it also refl ected in part the incremental 
philosophy of spacecraft standardized to carry out a more cautious series of 
missions in the Mariner tradition.

By 1976 JPL engineers began to publicize the possibility of an extended 
mission, capitalizing on the existence of two spacecraft and a time interval 
between them. The two craft would fl y slightly different trajectories, with ar-
rivals at the planets separated by several months. The fi rst to get there would 
take a riskier approach, fl ying near to Jupiter and past Saturn and its rings 
for a close fl yby of Saturn’s moon Titan; the second would approach Jupiter 
and its radiation fi elds at a safer distance, to back up any failure of the fi rst 
spacecraft. The chosen distance would also, not coincidentally, allow it to 
hit the aim point necessary to swing past Saturn toward Uranus. The trajec-
tory for Uranus, however, would compromise the science data from Titan. 
So if the fi rst spacecraft failed, JPL engineers planned to retarget the second 
spacecraft as it approached Jupiter, to allow it to complete the objectives at 
Titan; but if the fi rst spacecraft got the Titan data, the second could continue 
on the path to Uranus. The option became known as the X factor: the fi rst 
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spacecraft was the JST mission, after Jupiter-Saturn-Titan, and the second 
one JSX; the X would become either T or U, depending on the performance 
of the fi rst spacecraft.22

As the launch dates approached, project managers began to push for a 
name change for the mission, to provide something catchier and, perhaps, 
to escape the mission constraints implied in the MJS name. After consider-
ing possibilities from Argus to Zeus, NASA staff and John Casani, who had 
succeeded Schurmeier as project manager, agreed on Voyager.23 Names like 
Voyager, following earlier Explorers, Rangers, Mariners, Pioneers, and Vi-
king, evoked the early emphasis on exploration in the planetary program.24

The abandoned name of Mariner indicates the expected inheritance from 
earlier spacecraft. JPL engineers would indeed capitalize on the Mariner 
experience, but Voyager was not a simple extension of that series. Although 
gravity assist cut many years off the fl ight time, the Voyager trajectory still 
required a couple of years just to reach Jupiter, at a time when the two-year 
duration of the Mariner trip to Mercury represented the limits of longevity. 
The whole Grand Tour would require a spacecraft to survive a dozen years, 
avoiding mechanical and electrical failures and withstanding micrometeorite 
and cosmic ray bombardment, all with no direct intervention from Earth.

The particular mission for Voyager presented new problems, especially 
the distance involved. To provide electrical power the Mariners used solar 
panels, but sunlight is 25 times less intense at Jupiter than at Earth, and 900 
times less at Neptune. Colder temperatures exacerbated power problems, as 
mechanical and electrical components, computers, and propellants required 
heat to keep from freezing. Hence Voyager engineers turned to radioisotope 
thermoelectric generators, or RTGs, which generated electricity from the 
energy of radioactive decay. RTGs were smaller and lighter than solar panels, 
but since they gave off radiation they required isolation and shielding from 
spacecraft electronics, and their plutonium source also raised the issue of 
launch hazards.25

Long distance also complicated telemetry because radio signals, like sun-
light intensity, fall off at the square of the distance. The spacecraft transmis-
sion power of 23 watts—about the power of a refrigerator light bulb—would 
give a signal at Earth of perhaps 1 × 10–18 watts, which would test the limits of 
the Deep Space Network, and the spacecraft itself needed an antenna three 
to four times the size of existing designs. Another advance was imposed by 
the science mission, especially the imaging experiments, which envisioned 
data rates of up to 115 kilobits per second; Mariners and Viking had maxi-
mum rates of 16 kilobits per second, from less distance. The high data rate 
required corresponding development both of telemetry systems and data 
storage devices and computers to process the data fl ow.26
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The environment expected at Jupiter and Saturn forced other variations 
on the Mariner template. Schurmeier and his team had cut costs by not using 
electronic parts hardened to withstand high-radiation environments. Instead, 
they planned to use the Pioneer results to gauge how far away to fl y from 
Jupiter to avoid its radiation fi elds. But Pioneer encountered a radiation 
environment at Jupiter a thousand times stronger than expected; the trajec-
tory required to avoid lethal incidence of electrons on spacecraft circuits 
would greatly diminish Voyager’s scientifi c returns. Schurmeier and Voyager 
engineers chose to save the science and brave the radiation by returning to 
radiation-hardened components, redesigning circuits to allow for radiation 
damage, and adding tantalum or titanium shielding.27

The spacecraft computer represented perhaps the most advanced and 
critical component and the most marked departure from Mariner. Two fac-
tors encouraged the departure, both stemming from the distances involved. 
First, radio signals would require much longer times to travel between the 
spacecraft and Earth—up to an hour and a half at Saturn. If the spacecraft 
developed a problem there, it would be three hours before it could receive 
a fi x from engineers on Earth. So the spacecraft had to have a measure of 
autonomy, the ability to correct itself and compensate for failures. Second, 
the spacecraft would spend years in the cruise phase, just traveling across the 
void between planets, and the project had neither the money nor the people 
to look after it constantly. So the spacecraft was supposed to be able to take 
care of itself, operating for weeks at a time without any communication 
from the ground.

Advanced computers were intended to provide fl exibility as well as au-
tonomy. Given the relative lack of knowledge about Jupiter and Saturn, 
fl ight controllers wanted to be able to adapt to unexpected hazards or oppor-
tunities, which they could not do if the spacecraft was locked into a prede-
termined trajectory and sequence. In this regard computers distinguished 
American from Soviet planetary missions; the Soviets lacked onboard pro-
cessing capability and hence tended to hard-wire the entire fl ight sequence on 
the ground before launch. That characteristic had cost them: when a Soviet 
spacecraft arrived at Mars in 1971 at the same time as both Mariner 9 and a 
huge dust storm, a reprogrammed Mariner 9 waited out the storm while a 
Soviet orbiter futilely exhausted its fi lm and two landers plunged fatally into 
the maelstrom in a preset sequence.28

Integrating Voyager’s subsystems tested the precepts of systems engineer-
ing. Managers fi rst had to balance engineering tradeoffs, distributing mass and 
electrical power among the subsystems and science experiments. For instance, 
adding shielding to protect electronics against radiation added mass, forcing 
managers to cut mass elsewhere on the spacecraft to stay within margins or to 
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recalculate the trajectory and fuel requirements (which in turn would affect 
the weight). They also had to trade science objectives against engineering 
options—such as the length of the boom isolating the magnetometer from 
spacecraft-generated electromagnetic fi elds—and science experiments with 
each other, as in deciding where to put the various instruments on the scan 
platform, a sort of turntable that allowed instruments to change position. 
Final responsibility for such decisions lay with the project manager, Schur-
meier and, after 1976, Casani.29 Schurmeier, who had a professional degree in 
aeronautical engineering from Caltech, had helped develop systems engineer-
ing as Ranger project manager, and he applied his experience to Voyager, not 
only integrating the diverse subsystems (such as power, propulsion, thermal, 
mechanical, computing, and control) but also ensuring reliability, through 
the now-familiar program of failure reporting and review boards to catch 
possible problems. The dozens of boxes fi lled with Voyager management 
reports in the JPL archives measure the rigor of the regime.30

The Skin of Their Teeth

Voyager’s reliability program produced 3,500 problem/failure reports dur-
ing spacecraft development, each requiring resolution. In the months and 
weeks preceding launch problems cropped up in various integrated circuits, 
resistors, and capacitors, forcing diffi cult decisions. If one capacitor failed, 
should they replace every such capacitor in the spacecraft? Was the tested 
part an outlier, or did it represent an inherent defect in the whole batch? Did 
the test failures threaten the mission, or could they go ahead and launch? 
As the launch approached, Thomas Gavin, the project assurance manager, 
was crossing his fi ngers: “I knew that, despite all our efforts, there was some 
unreliability in the spacecraft. And I’m thinking that I have a family to sup-
port; my oldest child is 14 years old. If this thing doesn’t work, I don’t want 
to have to meet a lot of important people who are going to be very angry 
with me. We launched.”31

Voyager 2 blasted off on 20 August 1977, followed by Voyager 1 on 5 
September, each on a combined Titan/Centaur launch vehicle. (The numbers 
on the spacecraft indicated the order of their arrival at the planets, not their 
launches: Voyager 2 launched fi rst since its slower trajectory, to enable the 
grand tour, would get it to Jupiter second.) The problems began right away. 
And, of course, once the spacecraft was off the ground JPL fl ight controllers 
could not physically fi x it; just to identify the problem meant deciphering 
the downlinked telemetry, and any solution would consist of new computer 
commands sent back by radio, either to forego the function of the affl icted 
component or fi nd a substitute to perform it. Flight controllers had plenty of 
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practice on such “work-arounds” from earlier missions, but Voyager would 
test their mettle.

Fixing failures, however, depended fi rst of all on hearing from the space-
craft. The fi rst inkling of trouble with Voyager 2 developed during the launch, 
when the launch vehicle went through a programmed roll maneuver. The roll 
rate was faster than anything JPL engineers had expected the spacecraft to do 
in deep space, and it overwhelmed the gyroscopes and thus disoriented the 
computer. Recalled Gavin, “As the reliability engineer, I’m thinking that the 
thing didn’t last but a few seconds, and my career would likely do the same.”32 
The gyros and computer recovered when the Centaur separated from the 
spacecraft, but then a more serious problem emerged. After separation the 
spacecraft deployed the boom holding the science instruments, but before it 
was fully extended the spacecraft ejected the spent solid-rocket motor that 
had provided a fi nal boost. The combination of boom deployment and rocket 
ejection imparted angular momentum to the spacecraft. The computer sensed 
the tumble but attributed it to faulty fi ring of thrusters and switched to the 
backup thrusters. When the computer sensed that those, too, were not the 
source of the problem, it blamed itself and requested the central computer 
to switch to the backup attitude control computer. That step reinitialized 
the system, and the spacecraft thus set about reorienting itself from scratch 
by fi rst fi nding the Sun. In the meantime the computer shut down the com-
munication link with Earth.33

The whole process worked precisely as designed, since Voyager was sup-
posed to fi x itself in such an emergency in deep space. But JPL program-
mers had made the autonomy software too sensitive, so that it attributed an 
unexpected failure fi rst to the thrusters and then to the computer itself. JPL 
fl ight controllers, still at the Cape, had to watch in idle panic for more than an 
hour as the spacecraft ran through its reorientation routines before it fi nally 
found its bearings. According to Raymond Heacock, the spacecraft systems 
manager, “The process had one or two steps left when it fi nally brought the 
spacecraft under control. If it had exhausted the opportunities, we could 
have lost the spacecraft.”34

JPL engineers scrambled to correct the problems on Voyager 1 in the 
two weeks before its launch, installing springs and dampers to help the sci-
ence boom deploy and adding software patches to the computer programs. 
That did not prevent an even closer call right off the bat. JPL engineers had 
learned from hard experience on Ranger and Mariner that success depended 
not only on their spacecraft but also on the launch vehicle. On Voyager 1 
the fi rst-stage Titan rocket did not burn all its fuel and thus left the space-
craft short of speed. The second-stage Centaur compensated by extending 
its burn, and thus got the spacecraft to the required velocity—with only 3.4 
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seconds of burn left in the Centaur’s fuel tanks. Voyager 1, whose main mis-
sion would end at Titan, had a less demanding trajectory than Voyager 2 and 
a greater margin of fat in its pork-chop curve. If Voyager 2 had been riding 
on the faulty Titan it could not have made the grand tour. By the luck of the 
draw, the underperforming Titan went to the Voyager spacecraft that could 
still—by a three-second margin—fulfi ll its mission.35

The spacecraft were not yet out of the woods—indeed, they were heading 
in ever deeper. In November 1977 one of the two duplicate radio receivers 
on Voyager 2 began losing amplifi er power, so fl ight controllers switched it 
to low-power mode. Both spacecraft suffered from shortages of hydrazine 
fuel, because exhaust plumes from the thrusters were impinging on the space-
craft and causing a larger than expected loss in thrust.36 In February 1978 
Voyager 1’s scan platform stuck; the platform just as mysteriously freed itself, 
but fl ight engineers continued to test it gingerly into April. Preoccupied with 
the platform, mission controllers forgot to send a routine weekly command. 
The spacecraft computer interpreted the absence of a message as a failure 
in the primary radio receiver. When the computer switched to the backup 
receiver, however, fl ight controllers learned that a tracking-loop capacitor 
had shorted, so that the receiver could not adjust to the changing frequen-
cies of signals produced by the Doppler shift. Programmers had anticipated 
a failure of the backup, and after twelve hours the computer switched back 
to the primary receiver, which promptly blew out completely. JPL lost all 
contact with the spacecraft. For seven frantic days, before the spacecraft was 
to switch automatically again to the backup receiver, engineers on the Deep 
Space Network devised computer tapes that varied the frequency of transmit-
ted signals the precise amount necessary to mimic the Doppler shift expected 
at the spacecraft. The routine was extremely sensitive to spacecraft position 
and temperature—a change in the receiver’s temperature of one-tenth of a 
degree centigrade would throw it off—but with time engineers on the ground 
reestablished communications with the spacecraft. Voyager 2 would hence 
have to get by with just the tone-deaf backup receiver.37

The problems with both spacecraft—especially, the failure by mission 
controllers to send the routine weekly command—suggested underlying fail-
ures of management. NASA, at least, viewed it that way. Casani, the Voyager 
project manager, in fall 1977 had also taken the reins of a new project, for 
the orbiter-probe mission to Jupiter that would be called Galileo. This new 
project consumed most of his time, and it was also siphoning key staff from 
Voyager. In addition, members of Voyager’s mission operations team had 
planned to use the idle time of the cruise phase to develop sequences for the 
Jupiter encounter, but instead they found themselves dealing with the various 
emergencies. Planning for Jupiter fell behind schedule. In December 1977, 
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the short-staffed mission control had to abort a complex maneuver when a 
software bug required a decision from a higher-level manager and none were 
present. The fi asco of April was the last straw.38

At NASA’s request, JPL reorganized the Voyager project. Ray Heacock 
had succeeded Casani as project manager when the Galileo project had 
formally spun off in March 1978. Murray demoted Heacock and installed 
Bob Parks, whose project management experience went back to Sergeant, 
as Voyager project manager. Murray also brought in Peter Lyman, who had 
acquired a reputation as a mission operations guru on Viking, as another 
deputy under Parks. The management shuffl e refl ected the difference be-
tween building a spacecraft and fl ying it. In addition to the steady work 
that characterized spacecraft design, mission operations were punctuated by 
the chaos of emergencies and failures. Managing design required a different 
approach, perhaps even a different personality, from coping with the chaos 
of operations— Lyman compared it to running an army in peacetime versus 
wartime.39

That assumed that the project had committed people and resources to 
operations in the fi rst place. Engineers tended to concentrate on how to build 
the spacecraft, and considerations of operations lost out to the preferences 
of designers in the development phase. Managers meanwhile often found it 
tempting to cover design cost overruns by raiding the operations budget. 
In addition, promotion into upper management tended to reward hardware 
designers, so top engineers could desert missions after launch for new design 
projects. Voyager exaggerated the problem. In the 1960s JPL built spacecraft 
in a couple years and fl ew them for at most a year or two, so the same people 
who designed the spacecraft could fl y it with little cost to their careers. 
Voyager development took several years and operations would last decades, 
producing turnover from the project manager on down.40

JPL thence requested and got a budget increase to bolster Voyager opera-
tions, and Parks instated an informal division of labor, with Lyman pulling 
together an operations team and Heacock focusing on the hardware and 
software in the air. That software represented another of the main lessons 
drawn by JPL and NASA from the Voyager glitches, namely, the diffi culty 
in testing and running complex software. Increasing on-board computing 
power and the desire for spacecraft autonomy encouraged JPL programmers 
to develop fault protection algorithms, which then displayed surprising sen-
sitivity. Recalled Richard Laeser, then mission director, “We had some very 
clever programmers who put capabilities in the spacecraft, and the guys on 
the fl ight team couldn’t understand why the spacecraft was doing what it 
was doing. . . . There are so many paths that you could follow through the 
automatics [steps] that the spacecraft sometimes appeared smarter than the 
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people controlling it.”41 The role of software demonstrated the increasing 
centrality of computers and the diffi culties scientists and engineers encoun-
tered in adapting to new practices—in this case, the need to bridge the gap 
between software designers and fl ight controllers.

The sensitivity of Voyager’s software brought to mind HAL, the rebel-
lious computer in “2001, A Space Odyssey,” and Voyager team members 
similarly anthropomorphized their spacecraft. Voyager’s computers “went 
crazy” and suffered from “vertigo”; they “displayed certain traits that seemed 
almost humanly perverse—and perhaps a little psychotic.”42 Although some 
managers, notably Heacock and Stone, declined to “animate the robot,” as 
Murray put it, others developed “an emotional attachment to Voyager. It 
stopped being a spacecraft and became a personality, not just 1,800 pounds 
of nuts and bolts.”43

Scientifi c Results at Jupiter and Saturn

Voyager’s science teams were composed mostly of scientists from outside 
JPL, with a few exceptions. The engineering success of the Voyager proj-
ect enabled these teams to return a treasure trove of data from Jupiter and 
Saturn, which would fundamentally alter our understanding of those two 
planets and the solar system as a whole. Scholarly analyses of the data fi lled 
thick volumes, and several books have summarized the fi ndings for popular 
audiences.44 Even a small sample of the results attests to Voyager’s impact 
on planetary science.

Several surprises emerged from Voyager. Images of Jupiter’s moon Io re-
vealed a bewildering landscape of light and dark patches against a vivid orange 
background, provoking comparisons to a pepperoni pizza. More perplexing 
was the apparent absence of impact craters, which implied that some active 
geological process, such as volcanism or water erosion, had erased them. 
Confi rmation of volcanism came not from scientists, but from a member of 
JPL’s navigation team. Linda Morabito was studying an image of Io to fi nd 
its position relative to two reference stars and thus to situate the spacecraft. 
She noticed a faint crescent extending some 300 kilometers above the edge of 
the planet, a plume from an active—very active—volcano (see fi gure 2.1).45

Io thus joined Earth as the only other body in the solar system to display 
active volcanoes. But if volcanism explained the lack of craters, it raised the 
question, why volcanoes? Where does the heat come from? Earth has a hot 
interior, which drives plate tectonics and forms plasmas; but Io occupies a 
much colder orbit, and any radioactive heat sources on the small moon should 
long ago have decayed. The heat engine was found instead in tidal forces from 
Jupiter’s gravity and the other large moons, which combined to fl ex Io and 
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thus heat it. Another consequence of volcanoes was the massive amount of 
emitted material, which in Io’s low-density atmosphere could reach escape 
velocity. The Io effl uvium thus solved the mystery of the magnetosphere, the 
puzzling extent of which had forced radiation hardening of the spacecraft. 
The couple of tons of sulfur and oxygen emanating from Io every second 
fl owed into a torus around Jupiter, which glowed in the ultraviolet; as the 
spinning torus expanded centrifugally it infl ated the magnetosphere by a fac-
tor of two or three. Temperatures in the plasma torus ranged up to 100,000 
degrees Kelvin and the magnetic fl ux tube linking Io and Jupiter carried an 
electric current of more than a million amps.46

Voyager also detected several new moons at both Jupiter and Saturn. And 
the known moons turned out to be much more idiosyncratic than previously 
thought. Since they appeared in ground-based photos as small smudges, plan-
etary scientists tended to extrapolate from Earth’s moon and hence expected 
to fi nd geologically dead satellites, pockmarked by impact craters. Murray 
and planetary geologists had struggled to persuade Voyager planners that the 
satellites deserved close scrutiny.47 The results justifi ed the attention. Whereas 
scientists had anticipated craters on Io but found none, they expected none 
on Ganymede, whose ice surface was expected to absorb them, but found 
them in abundance; other regions on Ganymede exhibited a corduroy pat-
tern indicating extensive ancient fault lines. Europa, another icy satellite, by 

Figure 2.1. Voyager image of volcano erupting at the limb of Io. Source: JPL 
Photolab.
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contrast turned out smooth as a billiard ball, its icy crust obliterating craters 
but retaining a lacy pattern of dark cracks in the ice. Among Saturn’s moons, 
the main attraction, Titan, was a relative disappointment visually because 
cameras could not penetrate its atmosphere. But infrared sensing and radio 
occultation revealed an unexpectedly dense atmosphere of nitrogen and some 
methane, above a cold surface of methane; atmospheric chemical reactions 
produced heavy hydrocarbons and carbon-nitrogen compounds, including 
hydrogen cyanide, a basic biological molecule.48

Except for Titan, most of Saturn’s satellites were small and not dense; at-
tention at Saturn instead focused on the famous ring system. As with Jupiter’s 
moons, the rings displayed unanticipated complexity. The B ring exhibited 
dark radial lines in several places; how the spokes formed and how they 
survived the shear forces, arising from differential rotation rates at different 
radii, that should have dispersed them remained a puzzle (see fi gure 2.2). 
Other rings followed eccentric orbits and, most baffl ing of all, the F ring 
consisted of several intertwined or braided rings (see fi gure 2.3). Voyager also 
detected a faint ring around Jupiter, whose presence confounded the theory 
that tidal forces from Jupiter’s huge moons—the same forces that powered 
Io’s volcanoes—prevented rings from forming.49

The large planets themselves, though easier to study from Earth, also 
served up surprises. Initial views of Jupiter’s weather emphasized its turbu-
lence, but large-scale order soon emerged in alternating belts and zones of 
global wind patterns and convective action. Voyager’s radio antennas mean-
while picked up whistlers from cloud-top Jovian lightning bolts. Saturn, 
almost featureless from terrestrial telescopes and so even less understood, 
displayed a large anticyclonic spot similar to Jupiter’s Great Red Spot and 
alternating wind streams similar to Jupiter’s at higher latitudes, but near the 
equator Saturn had a single, nearly supersonic jet stream—another puzzle, 
since Saturn received less solar energy than Jupiter and hence should have had 
slower winds. Attempts to integrate lateral wind patterns and vertical con-
vection zones raised deeper questions about the source of energy driving the 
weather and whether it stemmed from processes in the deep interior of each 
planet or from the action of sunlight on the upper atmosphere alone.50

Voyager rewrote the textbooks—or, perhaps more accurately, drafted 
them from scratch, since knowledge of some of Jupiter’s and Saturn’s satel-
lites and features was previously too scant to support detailed description.51 
In recognition of Voyager’s scientifi c impact, Science and Nature magazines 
dedicated special issues to the encounters at Jupiter and Saturn, as did the 
more specialized Journal of Geophysical Research.52 Above all, Voyager scien-
tists turned the two planets and especially their moons from blurry smears on 
astronomer’s plates to complex individual bodies, from the sulfurous calderas 
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of Io to icy Europa, each undergoing dynamic processes—external bombard-
ment to the point of cracking or splitting entirely, or fl exing gravitationally, 
outgassing, and erupting. The twin Voyagers emphasized the solar system’s 
diversity and thus helped to correct the geocentric perspective of planetary 
scientists, evident, for example, in the surprise at volcanic and tectonic ac-
tivity in cold regions of the solar system.53 And they were not done yet; as 
Voyager 1 swung up out of the ecliptic, Voyager 2 headed toward Uranus 
and Neptune, where more surprises awaited.

Public Relations and Instant Science

Although Voyager produced a profusion of scholarly publications, its scien-
tifi c results were not fi rst announced in academic journals, after months or 

Figure 2.2. Voyager image of Saturn’s ring spokes. Source: JPL Photolab.
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years of data analysis. Instead, scientists publicized them in press conferences 
within days or less of getting the data. Science by press conference avoids 
peer review and thus violates the norms of the scientifi c community because 
half-baked analyses can slip through, as in the later, famous nondiscovery 
of cold fusion.54 Voyager and other planetary encounters put a new twist on 
this approach in the very short time between data return and publication; 
hence the common term at JPL, “instant science.” Planetary scientists put 
up some resistance to instant science. Murray had opposed quick release of 
photos from Mariner fl ights, seeking instead to hold them back for scholarly 
publications, and Caltech biochemist Norman Horowitz had complained 
on Viking that “having to work in a fi shbowl like this is an experience that 
none of us is used to.” Murray and Horowitz would see reason to resist: on 
Mariner 10 the press seized on reports of a moon around Mercury, which 
on closer examination turned out to be a distant star; initial ambiguity in 
Viking’s data produced media accounts that fl ip-fl opped daily on whether 
life existed on Mars.55 But on Voyager, scientists would come to accept, and 
even relish, the new mode of publicity.

Planetary missions offered particular opportunities for instant science. 
As a matter of practicality, the media knew in advance the time of  encounter 

Figure 2.3. Voyager image of Saturn’s braided F ring. Source: JPL Photolab.
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and so could converge on JPL with pencils and cameras ready when results 
started arriving. But particle physicists, for example, also know in advance 
when they have beam time on accelerators, are often in a hurry to publish, 
and have proven willing to resort to press conferences—indeed, in August 
1979 they were embarrassed by “the great ‘gluon’ fi asco,” resulting from 
overstated press announcements of the discovery of a new elementary par-
ticle.56 Yet particle physicists still do not turn around their results so quickly. 
What distinguished Voyager? For one, scientists’ relative ignorance going 
in: as Stone put it, “one can, within a period of days, go from essentially no 
knowledge to quite a bit of knowledge, and in some cases even to under-
standing.”57 And some of that knowledge came in the form of images, a visual 
framework accessible to a nontechnical audience—for example, the volcanoes 
on Io, an unexpected discovery readily apparent from the pictures. Even if 
viewers did not comprehend the scientifi c importance of images, they could 
appreciate the aesthetic appeal of Jupiter’s swirling cloud patterns or the 
abstract arrangement of Saturn’s rings.

There was another factor fostering instant science, apparent for other 
planetary missions but especially evident on Voyager: the people involved 
were very good in public, starting with Stone, who as project scientist chaired 
most of the media sessions. Stone proved a master not only of presenting 
scientifi c results himself, but also in coordinating which results to present 
and who would present them.58 The performance of Stone and his colleagues 
in the press conferences counteracted the popular image of the scientist as 
a reclusive nerd; on the contrary, Voyager scientists conveyed considerable 
aptitude and even enthusiasm for public appearances (see fi gures 2.4 and 2.5). 
Not all scientists had the knack, however, and journalists quickly learned 
the best sources for their sound bites. The imaging team in particular had 
media-friendly members and subject matter, while certain fi elds-and-particles 
experimenters suffered doubly, from the less visual subject matter (which 
could also require more lengthy data analysis) and from a charisma defi cit; 
one dissatisfi ed reporter jokingly dubbed them “the morticians of space.”59

Amid the phenomenon of daily press conferences, Stone tried to retain 
a measure of peer review. Before the press conference each morning during 
encounters, Stone convened the principal investigators to report on each 
experiment, but he forbade the presentation of this material to the press that 
day. Instead he called another meeting each afternoon of the entire science 
contingent, over a hundred scientists, to review incoming data in detail. This 
afternoon meeting concluded with decisions on what material to present at 
the next morning’s press conference and which experiments needed more 
data. This compressed review process prevented major mistakes with instant 
science, although a few small ones—such as the assertion that Saturn’s rings 
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contained thousands of separate ringlets (later analysis determined that there 
were waves in the rings, but not discrete gaps)—snuck through.60

The media attention was not entirely unsolicited. JPL and NASA each 
had its own active public relations staff, whose job was not just to accom-
modate media queries but actively to generate public interest in the space 
program. NASA from its creation cultivated media relations, evident fi rst in 
the Mercury program and then in Apollo. JPL’s previous role as a classifi ed 
rocket arsenal for the army had not encouraged publicity, but Pickering, who 
got a good look at the possibilities in the reaction to the fi rst Explorer satel-
lite, appreciated the importance of public relations for the lab’s new mission. 
In 1957 he created a public information offi ce, led after 1963 by Frank Colella, 
a salty, straightforward New Yorker. The Ranger series focused attention on 
JPL, initially unfl attering; then Mariner and Viking built up interest outside 
of JPL and experience within the lab in handling the public attention.61 JPL’s 
embrace of public relations is a particular example of a more general phenom-
enon of the twentieth century, the deployment of professional public affairs 
specialists on behalf of science. The institutionalization of public relations 
in American science was led by industry—notably by Thomas Edison and 
General Electric—and then spread to scientifi c societies and fi nally universi-
ties, which by the 1970s were forming public information offi ces to publicize 
campus research.62

Figure 2.4. Voyager imaging scientist Laurence Soderblom (at left, gesturing) meets 
the press during the Saturn encounter in August 1981. Source: JPL Photolab.
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JPL joined the vanguard of this trend, and by the time of Voyager had 
a well-oiled public relations machine. One difference between Voyager and 
earlier fl ight projects: the relative status of television and print media.63 In the 
1960s JPL’s public affairs was print dominated, but by the 1970s television 
had acquired a powerful role in American mass media. Because minute-long 
news stories on television relied on snappy visuals, the increasing attention 
to television reinforced the importance of imaging science.64 It also promoted 
the development of graphical displays, including pioneering work on com-
puter animation. JPL programmer James Blinn collaborated with Kohlhase 
to generate three-dimensional animations simulating Voyager’s fl ight past 
Saturn, at each point calculating the relative appearance of planets and stars. 
The 3-D movies—in which the viewer rode along with Voyager as the space-
craft swooped over Saturn’s rings and satellites—proved a hit with television 
news editors and viewers.65

Public relations had its costs. It diverted the attention of fl ight controllers 
and scientists to briefi ng the press in the midst of crucial encounters. It also 
required money. NASA had long demonstrated its commitment to public 
relations; when its public affairs staff presented NASA’s science program 
manager with a budget for $600,000 for Viking, the manager “didn’t fl inch.” 
Within JPL, most public affairs funding came out of general institutional 

Figure 2.5. Voyager project manager Robert Parks, project scientist Ed Stone, and 
imaging team leader Brad Smith at a press conference. Source: JPL Photolab.
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funds, and in general the PR staff did not lack for resources. For special 
items, such as a spacecraft model or the Blinn-Kohlhase animations, the 
fl ight project itself would provide the funds, perhaps recognizing that PR 
was part of the mission.66

So much for the supply of science news from JPL. What about the de-
mand for it? As American journalism grew increasingly specialized in the 
twentieth century, and as science acquired increasing relevance to economic 
and military strength, science writing had developed from a small niche to a 
recognized specialty after World War II. By the 1970s most major newspapers 
and newsmagazines supported science sections and writers, with coverage of-
ten dominated and defi ned by an “inner club” of reporters at leading papers. 
Many in this small group were fi rst exposed to the science beat in assignments 
on the human space program in the 1960s, and subsequent polls of this cohort 
revealed a distinct preference for space and astronomy topics.67

Although professional science journalists in general shed the celebratory 
tone of earlier writers on science, the inner club’s personal interest in space, 
combined with the sometimes symbiotic relationship between reporters and 
their sources, produced sympathetic, if not partisan, coverage of JPL. Amid the 
excitement of planetary encounters, seasoned journalists struggled to stay free 
of bias; younger reporters, one old hand observed, abandoned even the appear-
ance of objectivity and led the cheerleading while wearing Voyager T-shirts. The 
same writer described Voyager encounters as “working festivals and reunions 
that were eagerly anticipated by the tribe that covered science. They would be 
to the space junkies what Grateful Dead concerts were to rock ’n’ rollers.”68

These journalists were not just satisfying their own curiosity; they were 
also fulfi lling a perceived public demand for news about science in general 
and planetary exploration in particular. The late 1970s and early 1980s wit-
nessed a resurgence of media interest in popular science, reversing a slump 
that had dated from the mid-1960s. Several new popular science magazines 
appeared, newspapers added weekly science supplements and columns, and 
science programs multiplied on television. The trend, perhaps spurred by 
such stories as Three Mile Island, Skylab, and gene splicing, added up to 
what Newsweek in 1979 called “the science boom.”69

Popular culture provided several indicators of public interest. In the late 
1970s Hollywood shifted its attention to outer space. The success especially 
of “Star Wars” in 1977 sparked a spate of space fi lms, from “Close Encoun-
ters of the Third Kind” to “The Cat from Outer Space,” in addition to the 
Star Wars sequels, and JPL managers suggested that NASA “consider ways 
of using this increased public interest to its advantage.”70 One space movie 
from this period capitalized on a built-in fan base. The “Star Trek” television 
series, set in the distant future and premiering in the mid-1960s, had inspired 
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a devoted following after a decade on the air (see fi gure 2.6).71 “Star Trek: The 
Motion Picture” (1979) would feature a mysterious, nearly sentient object 
known as V-GER, whose full name eventually revealed it as an interstel-
lar relic from our time. The homage might have run the other way: several 
names considered for MJS77 (“Planet Trek,” “Trekker”) suggested a link to 
the television series.72

The Star Trek phenomenon represented just one segment of the science-
fi ction community, to which JPL was well connected. Many JPL staff, such 
as Casani and Kohlhase, had honed an early interest in space as sci-fi  buffs.73 
Murray maintained an active correspondence with Arthur C. Clarke and 
had signed up Clarke and Ray Bradbury for a panel at Caltech in 1971 on 
“Mars and the Mind of Man,” to coincide with the Mariner 9 encounter.74 
Sci-fi  novelists for their part were a strong presence at JPL for planetary 
encounters, and at least one of them acknowledged, or rather advertised, the 
public relations function of “us Buck Rogers types.”75

The clearest sign of public interest in space science came from the work 
of Murray’s friend Carl Sagan. A planetary astronomer from Cornell, Sagan 
in the early 1970s began establishing a name as an enthusiastic popularizer of 
science, and especially planetary science, with a string of popular books and 
television appearances. In August 1977, as the Voyagers prepared for launch, 

Figure 2.6. Star Trek at JPL. Mariner 5 managers in mission control, October 1967: 
Ted Parker, Dave Shaw, and Dan Schneiderman (left to right). Source: JPL 
Photolab.
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Sagan turned up on the cover of Newsweek; at the time he was preparing what 
would cement his celebrity, a thirteen-part series on astronomy for public tele-
vision titled “Cosmos.” The series, with Sagan as host, aired in 1980 and was 
an instant hit, eventually reaching not quite billions and billions, but about a 
half billion viewers worldwide; the book version stayed on best-seller lists for 
seventy weeks. The Cosmos series used Voyager images of Jupiter and several 
computer graphic sequences from Kohlhase and Blinn at JPL, and the visual 
dazzle—and Sagan’s salesmanship—brought JPL’s work to a wide audience.76

Sagan was on Voyager’s imaging science team, but his most publicized 
contribution would be the Voyager records, phonographs carried on board 
each spacecraft with a message to any extraterrestrial civilizations. The idea 
of sending a message out with a spacecraft was not new: the Pioneer 10 and 
11 spacecraft each bore a plaque with a likeness of male and female human 
forms and the location of Earth within the solar system.77 The Pioneer plaques 
generated wide publicity, and in 1974 John Casani noted on a standard prob-
lem report for Voyager: “No plan for sending a message to our extra solar 
system neighbors.” What to do? “Send a Message!”78

Casani took matters into his own hands when he became project manager. 
In December 1976, during Viking mission operations, he ran into Sagan and 
asked him to organize a message for Voyager, perhaps a modest extension 
of the Pioneer plaques. Sagan, typically, thought bigger. A long-playing rec-
ord could include many more encoded pictures than a plaque and, even 
better, sounds and music. Sagan and several friends and colleagues hence 
set about collecting sample songs from various periods and cultures, argu-
ing the merits of different genres (should we send out rock ’n’ roll?) before 
settling on a playlist, including, yes, one Chuck Berry. Three-fourths of 
each record was music, ninety minutes’ worth, with the remainder given to 
pictures and sounds of Earth and spoken greetings in fi fty-fi ve languages. 
The records—gold-plated copper in silver covers, with stylus and cartridge 
mounted nearby—added more than a kilogram of mass to each spacecraft, 
and Casani interrupted pleasant debates about music to enforce project dead-
lines on Sagan’s group. He also provided some project funds to the effort. 
Some outside consultants perceived that the real audience for the Voyager 
records would not be extraterrestrials, who were unlikely ever to receive the 
records, but people on Earth, who should get the message that we are one 
people, sharing a planet. The records did spark much terrestrial interest and 
debate, although perhaps not at the desired depth; one late-night television 
skit featured aliens beaming back a message: “Send more Chuck Berry!”79

All of this public interest in space science, combined with a fi nely tuned 
PR operation, ensured a wide audience for Voyager. For the Jupiter encounter 
about 300 media representatives registered at JPL’s news center; two years 
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later, for Saturn, more than 1,000 showed up, the most ever for a robotic 
space event. (The Apollo 11 moon shot had attracted about 3,500 journal-
ists.) The Saturn story and pictures landed on the front page of every major 
American newspaper the day after the closest encounter of Voyager 1, and 
most large metropolitan dailies carried the story on the front page for several 
days during the encounter; editorial pages then took up the celebration, and 
the following week Voyager garnered the cover of both Time and Newsweek. 
Live television broadcasts from JPL reached a potential audience of 100 mil-
lion in the United States, and the interest extended abroad: the assembled 
media for Saturn included about 200 foreign news agencies, and 10 foreign 
countries sent television crews to JPL.80

The Legacy of Voyager

It is hard to overstate the acclaim earned by Voyager—within the science 
and aerospace communities, and from news editorials and public commenta-
tors—and its effects on the lab. Ed Stone, asked at a press conference what 
percentage of the science objectives had been met, thought for a moment and 
replied, “200 percent.”81 Thomas Mutch, associate administrator for space 
science at NASA, called Voyager “a truly revolutionary journey of explora-
tion. . . . When the history books are written a hundred years from now, 
two hundred years from now, the historians are going to cite this particular 
period of exploration as a turning point in our cultural, our scientifi c, our 
intellectual development.”82 Press accolades for the Voyager 1 encounter at 
Saturn alone could fi ll a scrapbook. The London Sunday Telegraph and the 
Wall Street Journal looked back to the moon landing for comparison; the 
New York Times reached further, to Darwin’s exploration of the Galapagos; 
and Newsweek furthest of all, to Columbus. Time enthused, “space explora-
tion has already paid for itself many times over,” and columnist George Will, 
no friend of federal activity, declared that “the dazzlingly precise fl ight of 
Voyager 1 is a smashingly successful government program.”83

The evocations of exploration and Will’s encomium suggest that the ex-
ploration ideal continued to take precedence over hard science in the public 
eye; just getting there suffi ced. Voyager was fi rst an engineering triumph, 
with the scientifi c bonanza a secondary payoff. JPL engineers, in a popular 
metaphor, hit a celestial home run, touching the four outer planets as they 
sent their spacecraft on a ride out of the solar system—even though they were 
not supposed to be swinging for the fences. The project came in on time, on 
budget (accounting for infl ation), and then performed beyond the baseline 
requirements. Voyager boosted JPL’s reputation, and its already formidable 
self-image, as the preeminent spacecraft builder, especially at a time when 



Planetary Exploration Triumphant • 41

NASA was struggling with massive cost overruns and delays in the shuttle 
program and also in the Large Space Telescope.84 One JPL engineer summed 
it up: “Voyager was Camelot.”85

Why did Voyager succeed? First, the particulars of the mission: because 
Voyager was the only large planetary fl ight project under development at JPL 
for much of this period, it could attract the best people, and the challenge of 
a 1-in-176-year opportunity also appealed to engineers. Voyager also bene-
fi ted from redundancy, not just within each spacecraft but in the support of 
two spacecraft in the project—and the lab, in fact, built almost three whole 
spacecraft, counting the full-scale mock-up used for testing. Acquiring and 
assembling parts for three spacecraft turned up problems in components that 
might have slipped through if only one were built, and then when parts did 
fail in testing, engineers had spares at hand from the mock-up.86

Some general characteristics of JPL also enabled Voyager’s success. Voy-
ager’s results rested, at the base, on the achievements of many talented and 
creative individuals, from Minovitch to Blinn, Schurmeier to Stone. The 
presence of these people was necessary but not suffi cient; the lab had to get 
them to work together, compromising their professional and personal goals 
for the sake of the project, whether by agreeing to a different engineering or 
scientifi c approach or by giving up family or social life for eighty-hour work 
weeks. Motivation came from the mission itself, but also from management. 
Voyager represented above all the success of systems engineering: rigorous 
reviews and testing, detailed documentation, and communication across in-
terfaces. JPL engineers by the late 1970s had about twenty years’ experience 
designing high-reliability spacecraft. The size and complexity of Voyager 
honed that experience and tested it, and it proved sharp enough.

Voyager’s triumphant tour, however, tended to obscure the early close 
calls that almost killed it. Both Voyager spacecraft survived by the skin of 
their teeth; but the rosy glow of congratulation after the encounters perhaps 
encouraged people—at JPL and NASA, but also politicians and the public—
to forget that a very fi ne line separated success and failure. As the tribulations 
of the early space program receded in memory, the space community at large 
was becoming complacent. By 1968 the Space Science Board of the National 
Academy of Sciences already believed, “Now that technological advances 
have made failures infrequent, whether at launch or during the mission, . . . 
planetary exploration is no longer a primitive or risky act.”87 Subsequent 
successes only reinforced such attitudes. It was easier for people at JPL to 
forget that narrow margin because Voyager would be the only planetary 
project the lab launched for over a decade. JPL thus became accustomed to 
technical success, even as it endured a series of programmatic and political 
setbacks that threatened its foundations.
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T H R E E

Planetary Exploration in Extremis

THE MEDIA INTEREST GENERATED BY VOYAGER AND THE SUPERLATIVES BESTOWED 
upon it did not translate into political support. Even as the Voyager spacecraft 
completed their triumphant encounter with Saturn, Murray and JPL were 
waging a fi erce campaign to save Voyager, the rest of the lab’s fl ight projects, 
and perhaps even the lab itself from extinction. The crisis in planetary explo-
ration reached its peak in 1981, but it was germinating when Murray arrived 
in 1976 and fi rst blossomed the following summer, impelling lab managers 
and Caltech trustees into the political arena.

National Priorities in Space and on Earth

In December 1980 NASA administrators and lab directors identifi ed a para-
dox. “The apparently great public support that shows up at each new sci-
entifi c achievement (e.g., the Voyager-Saturn encounter) does not seem to 
translate into corresponding Congressional support.” A year later, NASA’s 
deputy administrator, Hans Mark, informed a National Academy of Sciences 
colloquium that the “Washington problem is that Americans don’t vote on 
[the] basis of the space program achievements.”1

Several sources diluted public interest in deep-space missions and wa-
tered down political will: the slackening of the space race after the rush of 
Apollo and the emergence of more pressing national priorities; continued 
contention between the human and robotic programs, exacerbated especially 
by the space shuttle; increasing competition within NASA’s space science 
program from space-based astronomy and earth sciences; and allocation of 
priorities within the planetary program, which at times would array parts 
of JPL against each other. At this time NASA also lacked the galvanizing 
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force provided by Soviet competition, at least until relations cooled later in 
the decade. The Soviets were emphasizing human orbital missions instead of 
planetary exploration, and the planetary missions they did pursue focused 
on Venus, abandoning Mars after 1973 and conceding the outer planets to 
the United States altogether; and both sides viewed Venus as an opportunity 
for cooperation rather than competition.2

The response to Viking provided early signs of dwindling interest. Plan-
etary scientists complained of “the blasé attitude of the public toward the 
fi rst transmissions of pictures,” and the New York Times noted “the apa-
thetic reaction of most Americans last week to the Viking miracle on Mars.”3 
The publicity generated by Viking did not necessarily benefi t the long-term 
planetary program. To drum up support, NASA had framed the mission as 
a search for life on Mars. By staking so much on the detection of life, the 
head of the biology team perceived, NASA managers set themselves up for 
“a bigger letdown than if they had taken a more neutral stand in the fi rst 
place.”4 Despite the abundant data the mission returned, Viking’s discovery 
that the Martian surface seemed downright hostile to life undermined one 
of NASA’s key justifi cations for future missions.

In 1976 NASA commissioned a study of public interest. The study con-
cluded, “The picture of NASA that is in focus is Big Budget, Big Spectacu-
lars and, bottom line, a hundred pounds of moon rocks.”5 In a Roper poll 
in early 1977, 46 percent thought the federal government was spending too 
much on space exploration, 33 percent about right, and just 11 percent too 
little. Some Americans were not only uninterested but downright skeptical; 
a Gallup poll around the same time reported that 28 percent of Americans 
believed the space program was in fact an elaborate sham.6

NASA was not doing much to dispel the big-budget image. In 1972 Presi-
dent Nixon had approved the space shuttle program. To win approval, NASA 
had cut its cost estimates to $5 billion and infl ated the projected number 
of launches to sixty per year. Both proved unrealistic. By the time the fi rst 
shuttle fl ew in 1982, four years after the expected initial launch date, the 
program had doubled in cost and could deliver only about six fl ights in its 
fi rst two years of operation. In the meantime, to ensure customers for the 
shuttle NASA had stopped buying expendable boosters, leaving planetary 
missions with no ride into space.7

 The shuttle also affected JPL in terms of funding, where until late 1981 
shuttle overruns came out of a zero-sum NASA budget. In 1978, for example, 
a House appropriations subcommittee created a $30-million contingency 
fund for the shuttle out of budgets for the Jupiter orbiter-probe, a solar 
mission at JPL, and the space telescope.8 Proponents of human exploration 
could claim that big-budget programs provided coattails for cheaper robotic 
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missions, and some planetary scientists came to accept “that one would not 
get any money . . . for space exploration without men in the loop.” NASA 
tacitly supported this thesis by committing around 17 percent of its overall 
budget to space science each year through 1978, but that was a fi xed percent-
age of the declining NASA budget, eroded further by infl ation.9

Planetary fl ight projects meanwhile were facing increasing competition 
from astronomy and earth sciences. Planetary science had dominated the 
space science budget, receiving about a third of it in 1975, while earth sci-
ences (including solar-terrestrial) and astronomy and astrophysics received 
between 10 and 15 percent each. By 1978 the planetary portion had declined 
to about 6 percent, a rapid switch from the largest to the smallest of the three 
programs. Astronomy meanwhile had started a slow climb that would take 
it to 30 percent of the space science program by the mid-1980s, completing 
the reversal of positions (see fi gure 3.1). The impetus for astronomy came 
from astronomers seeking a view of space not blocked or distorted by Earth’s 
atmosphere; they agitated in particular for a large optical telescope in earth 
orbit, later renamed the Hubble Space Telescope, which by the early 1970s 
had reached the formal design stage.10

Similarly, but in the opposite direction, earth scientists were learning to 
appreciate the perspective offered from space. Meteorologists were among 
the fi rst to capitalize on the potential of satellites, with the launch of the fi rst 
Tiros weather satellite by NASA in 1960. Classifi ed data from reconnaissance 
satellites and photos taken by astronauts stimulated geologists and geogra-
phers to seek a civilian remote-sensing satellite to monitor earth resources, 
culminating in the Landsat series launched fi rst in 1972.11 Relative to the 
planetary and astronomy programs, earth-science funding (including solar-
terrestrial and ocean research) rose from about 14 to 23 percent from 1975 to 
1980, making it in this period the dominant program of the three.12

NASA managers had primary responsibility for setting priorities among 
these fi elds, supplemented by an advisory apparatus centered on the Space 
Science Board of the National Academy of Sciences. In 1975 NASA commis-
sioned a report titled “Outlook for Space” to orient the agency for the 1980 to 
2000 time frame. The report proposed that “a major increase in emphasis and 
in resources should be directed toward Earth oriented space programs,” and 
it also suggested more emphasis on cosmology and astrophysics.13 NASA’s 
associate administrator for space science, Noel Hinners, pronounced the 
belief that astronomy missions promised better scientifi c return for the in-
vestment, and staff in the Offi ce of Management and Budget (OMB) shared 
the sense that space astronomy was the new “glamor” fi eld in space science.14 
The Space Science Board refl ected these priorities, consistently ranking the 
space telescope above the Jupiter mission; NASA managers then had to keep 



Planetary Exploration in Extremis • 45

astronomers and planetary scientists “from trying to shoot each other down 
to save their own project” in their lobbying for congressional approval.15

The decline of space as a national priority, the development of the space 
shuttle at the expense of robotic programs, and the emergence of disciplinary 
competition for fl ight projects had an accumulated effect on JPL: NASA’s 
budget was contracting and with it the space science portion, and planetary 
projects within that were decreasing. The upshot: from 1974, the peak of 
Viking, to 1977, the planetary budget fell by a factor of almost three in cur-
rent dollars and even more in constant dollars.16 Five years passed between 
the start of Voyager in 1972 and approval of the Jupiter mission in 1977, and 
no more new starts for planetary projects at JPL were forthcoming through 
1981.

Purple Pigeons and Gray Mice: Or, How to Fill a Bathtub

The decline of the planetary program manifested itself at JPL fi rst in the pro-
jected rampdown from Viking and Voyager. The Viking workforce dropped 
off sharply from more than 400 staff in 1975 to almost zero by 1977; Voyager 
would undergo a similar decline starting in 1977. The lab expected to ramp 

Figure 3.1. NASA’s space science funding by program. OSSA stands for Offi ce 
of Space Science and Applications. Before 1982 earth science was funded by a 
different NASA division, the Offi ce of Space Technology and Applications; this 
graph includes those funds. Source: NASA Space and Earth Science Advisory 
Committee, “The crisis in space and earth science,” November 1986 ( JPL 198, 
12/163).
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back up for the Jupiter orbiter-probe and a possible lunar orbiter starting 
in 1978, but that left a deep two-year dip in the graph of staff levels. Even if 
the Jupiter or moon missions were approved for 1978, the lab would have 
to lay off staff; if neither project were approved that year, perhaps 500 JPL 
employees and a similar number of contractor staff at JPL would lose their 
jobs.17

The lack of new missions for 1977 and 1978 became known as the “bath-
tub,” after the U-shaped bend in the workforce charts. The staffi ng shortfall 
had long-term implications. Experienced engineers were not easily replaced; 
despite the documentation of systems engineering, lab staff viewed their ex-
pertise as a form of tacit knowledge. Murray wrote to NASA’s space science 
manager that “no amount of documentation or procedural manuals can enable 
inexperienced engineers to by-pass entirely the many subtle  opportunities for 
potentially serious, even catastrophic mistakes. The knowledge and under-
standing now embodied in our staff was painfully acquired in the 1960s and 
has been maintained by the subsequent continuity of project activities.”18 
The argument that JPL’s expertise was a national resource meriting upkeep 
by the federal government would become a recurring theme.

JPL managers would seek to fi ll the bathtub in part with non-NASA 
work, especially in energy and then defense, but they also sought to keep 
planetary missions fl owing. One of Murray’s fi rst acts as director in April 
1976 was to assemble a team to come up with imaginative new missions. The 
group spent three months brainstorming and arrived at a list of seven can-
didates: Mars rovers; a Venus radar orbiter; a tour of Jupiter’s inner moons 
with a landing on Ganymede; an orbiter to Saturn with a lander on Titan; a 
fl yby of several asteroids; an unmanned station on the moon’s south pole; 
and development of a “solar sail,” which would use solar radiation pressure 
to propel a mission to Halley’s comet.19

Murray dubbed the collective of missions the “purple pigeons.” The 
name addressed perceptions of a lack of pizzazz at NASA, with the color-
ful pigeons replacing the “gray mice” generated by the current planning 
process.20 Murray intended the pigeons to combine “fi rst-rate science . . . with 
broad popular appeal”; the popular aspect, he noted, was required to generate 
and sustain political support for the several years from project approval to 
launch.21 The purple pigeons coincided with the Viking encounter and aimed 
to capitalize on the media presence: when journalists asked what was next 
for the planetary program, Murray and the JPL public affairs people pushed 
the pigeons.22 The colorful pigeons caught the media’s eye, and NASA soon 
approved supplemental funds for the solar sail and Mars missions and added 
other pigeons to its long-range plans.23 By the end of 1976 Murray concluded 
that “the outlook is more encouraging now than for some time.”24



Planetary Exploration in Extremis • 47

The lab meanwhile was awaiting formal approval of the Jupiter Orbiter-
Probe ( JOP) as a 1978 new start. With support from scientists, NASA, and 
OMB, approval seemed likely. But on 4 May 1977, the House appropria-
tions subcommittee responsible for NASA’s budget deleted all funds for the 
project. The chair of the committee, Rep. Edward Boland, had consistently 
pressed NASA to prioritize, and he now correctly judged the space telescope 
a higher priority for NASA and the Space Science Board. After the Senate ap-
propriations subcommittee approved the Jupiter mission, and a House-Senate 
conference committee failed to resolve the impasse, the matter returned to 
the House for a special vote.25

In the week before the vote, Murray mobilized the lab to defeat Boland. 
The campaign recruited the California congressional delegation, the House 
and Senate science committees, planetary scientists, sympathetic media out-
lets, and the sci-fi  community, including thousands of Star Trek fans con-
vening for their annual convention.26 On July 19 the House engaged in a 
dramatic fl oor debate over the Jupiter proposal. Boland and members of his 
committee stressed that they did not oppose NASA’s mission or even the 
value of this specifi c project, but rather felt compelled to impose some dis-
cipline on NASA and space scientists. A succession of congressmen rose to 
defend the project and the overall deep-space program. Aside from scattered 
references to technological spin-offs and international prestige and coopera-
tion, their justifi cations appealed mainly to the goal of space exploration, the 
importance of the science results and their relevance to terrestrial climate 
research, and the need to sustain the expertise at JPL. The time allotted for 
debate expired, and Boland called for a quorum. The fi nal tally produced a 
sweeping victory for JPL: 280 supporting the Jupiter Orbiter-Probe to 131 
opposed, with 22 abstentions.27

The possible loss of JPL’s next major fl ight project was “a rude awaken-
ing” to lab staff.28 The planetary program did appear to settle down after the 
fl urry of activity to save the Jupiter mission, which was soon renamed Gali-
leo.29 But while Galileo sparked the recovery, its early development foreshad-
owed future trials. With no expendable rockets in NASA’s inventory, Galileo 
was at the mercy of the shuttle schedule. JPL wanted to launch in January 
1982 to take advantage of a gravity-assist trajectory past Mars to Jupiter. By 
1979, however, it was apparent that the available shuttle at that time would 
be overweight and underpowered, and hence unable to lift the 30-ton Galileo 
spacecraft (a 2.5-ton spacecraft plus booster and support equipment). To meet 
the launch date, NASA asked JPL to split the spacecraft in two and launch 
the orbiter and probe separately. But that plan required the purchase of an 
additional transfer stage at $100 million, almost one-fourth the total project 
cost at that point. More important, a split launch required two shuttles—and 



48 • The Murray Years, 1976–1982

NASA would not have two by 1982. So Galileo was postponed until 1984, 
when a second shuttle would be available, with the delay infl ating the cost 
increase to $225 million.30 The saga of Galileo would not end there.

The delays and overruns in the shuttle program heralded an impending 
crisis. As the new decade dawned, Science magazine was reporting that plan-
etary science was “on the brink again.”31 The newfound pessimism stemmed 
from a lack of new starts. Lab managers had planned for a lunar orbiter, Venus 
radar orbiter, Halley’s comet rendezvous, and Mars sample return, but none 
of these won approval through 1981.32 In 1978 NASA and JPL did win ap-
proval for the International Solar Polar Mission (ISPM), which would send 
two spacecraft, one American and one European, over opposite poles of the 
sun to map solar radiation out of the ecliptic plane for the fi rst time.33 But 
the ISPM spacecraft would be built by industrial contractors and would thus 
engage only a few dozen staff at JPL, and in 1980 it had its budget halved, 
forcing a two-year delay in the launch.34

Some of the crisis was self-infl icted. JPL mission planners presented con-
gressional critics with fat targets, evident especially in Mars mission planning. 
Viking had revealed a Martian environment chemically hostile to life, sug-
gesting that any life on Mars would have to be concentrated in remote oases 
or buried underground; hence scientists sought either rovers or penetrators.35 
JPL quickly drew up plans in early 1977 for two missions to Mars in the 
1980s, an orbiter/rover to launch in 1984, and a sample return to launch in 
1988. The fi rst soon evolved into a proposal for a 400-kilogram rover capable 
of ranging 100 kilometers; the cost reached $1.4 billion—and NASA cost 
reviewers thought JPL had low-balled the fi gures to win approval.36

Even after the threat to Galileo in 1977, Mars planners had continued to 
disdain a lower-cost polar orbiter, on the theory that several smaller projects 
would be harder to sell than one big one. Although a few planetary scientists 
argued for an incrementalist approach, the majority soon abandoned plans 
for the billion-dollar rover in favor of a sample return that would cost twice 
as much; by contrast, the Jupiter proposal targeted by Boland was for $410 
million. The rallying cry of “sample return or nothing,” although based on 
a political calculation, again suggests a lack of political acumen among JPL 
managers and planetary scientists, who failed to recognize the prevailing 
political winds and instead indulged what one NASA manager called “delu-
sions of grandeur.”37

A tendency toward cost growth of JPL projects did not encourage po-
litical support. Galileo quickly ran into cost overruns, which also affl icted 
the Venus Orbital Imaging Radar (VOIR).38 Initial studies of a Venus radar 
orbiter began at JPL in 1971 and received a boost from the purple pigeons. By 
1979 the lab had developed a formal proposal for VOIR, for launch in 1984. 
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Its main instrument was a synthetic aperture radar, to penetrate the clouds 
of Venus and compare its hothouse environment to the frigid desert of Mars 
and Earth’s more hospitable climate. NASA managers, however, expressed 
concern “about the high cost of this mission”—$400 million—and asked JPL 
to fi nd ways to reduce it.39 By 1981 cost estimates had far surpassed the levels 
that had alarmed NASA and now approached $700 million.40

VOIR also encountered competition from other JPL proposals. Although 
NASA’s “roles and missions” review had removed Ames and Langley from 
the planetary program, that just displaced competition to within JPL, where 
champions of particular projects squared off. VOIR planners in particular 
jockeyed against a Halley mission.41 Halley’s orbital period of 76 years was 
due to return the comet to the inner solar system in the mid-1980s, and JPL 
in the mid-1970s began planning to take advantage of this once-in-a-lifetime 
chance. Halley met Murray’s mandate that missions combine popular and 
scientifi c interest: its periodic and very visible appearance had attracted public 
attention throughout recorded history; and in the early 1970s space scientists 
had identifi ed comets as a prime desideratum for inspection because they 
could provide clues to the initial constitution of the solar system.42 Halley’s 
retrograde and highly eccentric orbit and high velocity, however, put it out 
of reach of conventional chemical propulsion.43 NASA and JPL managers 
then shot down a purple pigeon, the proposal to fl y a solar sail to Halley, 
and an alternative proposal using solar-electric propulsion, also known as 
ion drive, saw its cost estimates balloon to $200 to $300 million. By 1979 JPL 
still had no Halley mission.44

The persistent effort to win a mission to Halley’s comet would become 
the most visible victim of the planetary decline. Murray meanwhile tried to 
regenerate the excitement of the purple pigeons, by convening another study 
group in 1979 to study “far-out” ideas for deep-space missions twenty to 
forty years in the future.45 Replicating the purple pigeons might have seemed 
a dubious exercise in retrospect: four years after the pigeons fi rst fl ew, none 
of them had come to roost in approved fl ight projects. Beset by annual battles 
to save existing missions, NASA managers had little inclination to ponder the 
possibilities for forty years in the future. Any interest they might have had 
was defi nitely dispelled by a redoubled assault on the deep-space program.

Black September

The crisis in planetary exploration came to a head in 1981. If Murray spoke 
of low morale and soul-searching at JPL in October 1980, the effects of the 
presidential election the next month would not help. Ronald Reagan had 
campaigned on a platform of fi scal austerity, except for national security, and 
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upon inauguration he immediately set about implementing it. In February 
1981 Reagan’s OMB not only cancelled VOIR, but it also required NASA 
to cancel either the space telescope, Galileo, or the solar-polar mission, even 
though each was years into development.46 NASA elected to kill the solar-
polar mission, an unprecedented cancellation of a well-established project 
that also involved international cooperation.47

The budget actions led Murray to paint a bleak picture to Congress: 
“Frankly, . . . the U.S. deep space program is in deep jeopardy and even 
may face extinction.”48 Although spared the budget ax, Galileo now faced 
additional delays, again owing to the launch vehicle. The problem now con-
cerned the so-called Inertial Upper Stage (IUS), a new solid-fuel rocket that 
would boost the spacecraft from the shuttle’s orbit. In 1979, even as NASA 
decided on the split-launch confi guration, problems with IUS performance 
required JPL to design new gravity-assist trajectories to reach Jupiter, and also 
spurred Representative Boland to press NASA to use the well-tested, liquid-
fuel Centaur instead of the problematic IUS. The more powerful Centaur 
allowed a return to the original single-launch confi guration of the Galileo 
orbiter and probe together, at the cost of a one-year delay in the launch, to 
1985. JPL thus embraced the plan, and NASA committed to the Centaur 
in January 1981.49 The decision, however, made Galileo dependent on a re-
design of the Centaur, with its own technical and political hurdles; and the 
additional delay—eventually to 1986—would have important consequences. 
And Galileo engineers returned yet again to the drawing board to reintegrate 
the spacecraft and plot a new trajectory.

The Halley mission meanwhile was undergoing its own parallel odyssey. 
After the demise of the Halley plans of 1979, JPL the next year proposed a 
low-cost Halley Intercept Mission (HIM), with “low cost” soon defi ned as 
about $300 million. But comet scientists had earlier stated their distaste for a 
simple fl yby, and NASA noted as well that the European Giotto mission to 
Halley would accomplish many of the same objectives.50 Like the Grand Tour 
in 1971, the Halley intercept suffered from a lack of advocacy within NASA, 
the agency that is supposed to back space projects, despite indications of sup-
port from OMB, usually the enforcer of austerity. A Halley mission became 
Murray’s personal hobbyhorse, and he made a determined push to procure 
it. Why did he perceive a Halley mission as so crucial? Since the 1960s JPL 
was accustomed to having two major fl ight projects in development, with one 
expanding while the predecessor ramped down. But after Viking and Voyager 
the lab had only one team, Galileo, at full strength.51 VOIR could provide 
only a partial stopgap, since it would be built by industrial contractors; a 
Halley spacecraft promised to employ perhaps three times as many staff as 
VOIR.52 Along with institutional considerations, Murray personally viewed 
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Halley as a unique chance to combine bold exploration with solid science and 
to make the fi rst visit to an object of historical fascination.53 But Murray’s 
fi xation with Halley would have its costs, both within JPL and without.

To replace HIM, JPL naturally suggested HER: Halley Earth Return, 
which would fl y by Halley, unroll a long thin plastic tube “like a Chinese 
New Year party whistle” to sweep up cometary particles, then reel the tube 
back in and swing the spacecraft back toward Earth to return the sample.54 
The plan quickly earned approval from the Space Science Board, and it of-
fered a different approach than the European or Soviet Halley missions. 
But after a month of negotiations between NASA and the White House, 
on 30 September 1981 NASA directed Murray to stop all work on Halley 
missions.55

The offi cial end of JPL’s hopes for Halley came as a jolt to Murray, who 
spoke bitterly of “Black September.”56 That was not all. First, budget cuts 
on the Centaur project again put Galileo at risk, until JPL designers came 
up with yet another gravity-assist trajectory to get to Jupiter on the IUS 
booster.57 Then NASA fl oated a proposal to shut off the Voyager spacecraft, 
saving $222 million by foregoing the Uranus and Neptune encounters.58 It 
fi nally became clear that not just single projects but the entire deep-space 
program was at stake. In summer 1981 the OMB cut $1.1 billion from NASA’s 
budget request.59 The new NASA administrator, James Beggs, insisted that 
such a shortfall would require dropping one of NASA’s major programs, 
such as the shuttle, earth applications, or planetary exploration, and requested 
higher-level policy approval. But he did offer a suggestion. At his confi rma-
tion hearings in June, Beggs had called planetary exploration “a hallmark of 
the agency. It would be a disaster if we gave it up.” He now pushed the plan-
etary program on the table as a high-stakes wager in the budgetary standoff, 
naming it as the fi rst item NASA would be willing to cut. He again cited the 
program’s value, but he ranked it below astronomy in immediate potential: 
“the most important missions” in deep space had already been done, and the 
next phase of landers and sample returns could await the shuttle. He added, 
“Of course, elimination of the planetary exploration program will make the 
Jet Propulsion Laboratory in California surplus to our needs.”60

The budget standoff continued through the fall, as dire rumors swirled 
concerning JPL’s possible demise.61 The lab got little support from Reagan’s 
science advisor, George Keyworth. In an interview published 2 December, 
a week before the fi nal budget review, Keyworth “recommended halting 
all new planetary space missions for at least the next decade,” in favor of 
astronomy and shuttle-borne experiments. He soon backtracked, stating 
that he did not propose ending missions altogether, just doing them more 
cheaply.62 Despite the public statements, Keyworth’s testimony to the budget 
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review board supported the decision to cancel Galileo and VOIR; “the cut in 
planetary exploration represents an example of good management.”63

JPL likewise lacked support from key elements of NASA. In particu-
lar, Hans Mark, deputy to Beggs, proved an unreliable ally. Mark had long 
viewed the space shuttle as the focus of the space program, a necessary step 
toward the longer goal of a space station, and also held an ambivalent view 
of planetary exploration. In 1975 he had noted the substantial investment in 
the program, from which he believed “no fundamental or unexpected discov-
ery” had emerged.64 And the program itself, he observed two years later, was 
running out of steam: “we have reached a point in the planetary exploration 
where, for the missions planned between now and the early 1980’s, we will 
have done just about everything we can given our current technology. In 
other words, we soon will have ‘saturated’ our capabilities.”65

Mark brought these views with him to NASA. In August 1981 Mark and 
his aide Milton Silveira circulated a long-range plan for NASA. The docu-
ment noted the space agency’s role in scientifi c exploration, but it urged a 
focus on shuttle-borne experiments, especially for astronomy or cosmology, 
and a hiatus in planetary exploration until the construction of a space station 
as a base for spacecraft launch and sample return.66 As for what to do with 
JPL, Mark had long-held opinions on that too, which reinforced his views 
on the expendability of planetary exploration: JPL would have to seek other 
sponsors, which to Mark meant the military. He was thus pursuing, in paral-
lel, a campaign to enlist JPL’s skills for the Department of Defense.

Into the Political Arena

Mark’s statements on the planetary program undermined NASA’s defense 
of JPL.67 Beggs did not help with his negotiating ploy of August, which 
backfi red in December when the OMB cited his assignment of a lower pri-
ority to the deep-space program in its arguments before the budget review 
board.68 With a lack of advocacy at key levels, JPL undertook its own political 
campaign, one that would bring lobbying for programmatic goals to a new 
level of coordination and organization. But Murray fi rst had to overcome 
an initial aversion to political activism, instilled not so much by principle as 
by practical considerations of JPL’s relations with NASA. In 1976, for ex-
ample, several JPL staff proposed Project Columbus, a long-term planetary 
program of one launch per year through 1992; the planners, however, by-
passed NASA and took the proposal straight to OMB and Congress. Murray 
quickly reined them in and considered fi ring their leader, Lou Friedman, for 
insubordination.69

A few years later Murray would institutionalize political freelancing far 
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beyond that undertaken by Friedman, as Murray himself would admit.70 The 
congressional struggle over the cancellation of the Jupiter mission in summer 
1977 provided the fi rst test for Murray’s misgivings. There remained percep-
tions of limits. NASA, at least, thought the lab had crossed a line. A legal 
affairs manager chastised Murray in May about direct contacts between JPL 
and Congress and reminded him that NASA policy required all congressional 
contacts with NASA personnel to go through his offi ce. The lab’s lawyers, 
however, pointed out that JPL was not a NASA fi eld center; JPL staff were 
Caltech employees and as such were not bound by NASA’s policy.71 JPL’s 
distinctive, dual status as a Caltech-run lab under NASA thus gave Murray 
and his managers leeway for lobbying. They also took refuge in semantics. 
What, exactly, constituted lobbying? The lab’s NASA liaison was careful to 
refer instead to the “education” of Congress.72

Murray and his staff also attended to the sources and justifi cations for po-
litical support. JPL had started as an army lab, which gave it a strong political 
advocate, but its new mission in planetary spacecraft made its main political 
constituency the community of planetary scientists—a narrow group with 
little political clout, as interest groups go. In the late 1970s Science magazine 
estimated that the community numbered about “600 or so” scientists in the 
United States.73 And it was competing with a formidable array of other inter-
ests, within NASA and without, for a share of the federal budget. Since JPL 
did most of its work in-house, the lab’s projects elicited little political sup-
port from industry. To broaden the constituency, Murray and his friend Carl 
Sagan in late 1979 created the Planetary Society, together with Friedman. The 
society quickly built up a membership of 70,000 in its fi rst year, a substantial 
base of enthusiasts to enlist in support of JPL’s political initiatives.74

Why should the public get excited about very expensive missions that 
return data on distant planets to a small group of planetary scientists? Murray 
appealed to the ideal of exploration: “More than just science is involved, and 
it should be—for what it has cost. If there isn’t a justifi cation beyond what 
you might call narrow scientifi c objectives, then planetary is far overpriced in 
terms of what it has cost to accomplish. The reason it has been justifi ed and 
continues to be is because it has broad cultural and social signifi cance beyond 
the changing of the perceptions of individual scientists.”75 Similar attitudes 
permeated NASA. Program manager Dan Herman observed that “above a 
certain dollar level, science-for-science sake is not a salable commodity in the 
planetary program area”; missions had to include exploration.76

The decline of planetary prospects in 1980 quickened political activity at 
the lab, inspired by the rescue of Galileo in 1977. In its political campaign 
to defend the deep-space program, JPL had an important ally in the Caltech 
board of trustees. As part of Caltech, an elite institution with friends in high 
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places, Murray and the lab sought to capitalize on connections to the inner 
circles of government. In 1976 Murray had created an advisory council for 
JPL, consisting of Caltech faculty, trustees, and eminent public citizens, to 
provide a source of high-level advice but also advocacy. An especially dedi-
cated partisan was trustee Mary Scranton, wife of William Scranton, a one-
time Republican candidate for president and then governor of Pennsylvania. 
Mary Scranton had extensive connections in Washington and she exercised 
them assiduously on behalf of JPL, advising Murray on congressional senti-
ment and urging him in October 1980 to fi nd a back-door approach to the 
White House, perhaps with the aid of other trustees: “Bruce, you have a good 
fi ght and an important one, and it’s time to use these big guns.”77

With Reagan’s election that November Murray brought in the artillery. 
At Reagan’s private victory party on election night, Caltech trustee Earle Jor-
gensen delivered a JPL position paper on the Halley mission to Reagan aide 
Michael Deaver.78 A week later trustee Stanley Rawn, Jr., sent the same Halley 
plea to Vice President-elect George Bush in a “Dear George”  letter, followed 
by a letter in February 1981 to Chief of Staff James Baker III (“Jimmy,” to 
Rawn).79 On the day of inauguration, 20 January 1981, Murray sent a letter 
to Edwin Meese III pleading for the Halley mission and the future of space 
exploration in general.80

The responses to these missives were noncommittal.81 As the Reagan 
administration settled in and the OMB budget targets began circulating in 
early 1981, Murray became a whirlwind, making several East Coast trips for 
meetings with dozens of congressional representatives and staffers, NASA 
and OMB offi cials, science writers and editorial boards, and key aerospace 
executives.82 He also created an institutional framework within JPL for the 
campaign. In January 1981 he set up the Director’s Interface Group (DIG) 
to devise “marketing strategies,” produce campaign literature, and cultivate 
contacts in Washington, industry, and the media.83 Murray also apparently 
hired a prominent local Republican, Robert Finch, who had access to the 
Reagan administration. Although Finch was not a professional lobbyist, his 
hiring tested and perhaps exceeded the limits imposed by the lab’s relation 
with NASA.84

 JPL’s campaign found endorsements from across the political spectrum. 
In November 1980 Senators Strom Thurmond and Alan Cranston—a Deep 
South Republican and a left-coast Democrat—used the occasion of the Voy-
ager encounter with Saturn to laud the deep-space program.85 The budget cuts 
of spring 1981 raised editorial objections from both Edmund (Pat) Brown 
and George Will, and from the New York Times as well as the Wall Street 
Journal.86 Perhaps the strangest bedfellows were California Governor Jerry 
Brown and Representative Newt Gingrich. As the highest expression of 
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socially directed technical innovation, the early space program had received 
its main support from politicians on the left, especially for the ideal of explo-
ration against a more limited focus on science. But in the late 1960s political 
liberals sought to direct federal spending toward social problems instead of 
technoscientifi c extravaganzas that seemed to benefi t only a few scientists 
and aerospace corporations. Like others on the left, Brown had come to 
oppose large, centralized technologies as symptomatic of the ills of modern 
society, but inspired in part by his attendance at the Viking encounter, Brown 
embraced space with a typically visionary approach. He no doubt recognized 
a political constituency, at JPL and in the California aerospace industry, but 
he also acquired a keen personal interest. The Los Angeles Times commented 
on the conversion of “our new, spaced-out governor”: “Gov. Brown is blast-
ing into space. But to achieve lift-off he has had to jettison much of his old 
rhetorical baggage. He no longer speaks of an ‘era of limits.’ His new high is 
the ‘era of possibilities.’ Nor is small always beautiful. ‘In space,’ he exults, 
‘big is better.’”87

For his part, Gingrich, the young Republican fi rebrand from Georgia, 
proved an equally ardent space buff, founding the Congressional Space Cau-
cus and suggesting $9 billion instead of $6.6 billion as an appropriate budget 
for NASA in 1983.88 The support from Gingrich, Thurmond, Senator Barry 
Goldwater, and other conservatives stemmed from an ideological sea change 
concerning the space program. As political liberals drifted down to earth, 
conservatives were abandoning fi scal austerity and embracing the vision of 
space as new frontier fi rst advanced by Kennedy: the space program could 
rekindle the old pioneer spirit, inspiring noble achievements and opening 
up a new realm for commerce. Liberal commentators for their part came to 
view the frontier myth as an emblem of imperial conquest, environmental 
damage, selective government subsidies, and corporate profi teering.89 Hence 
public opinion polls in the early 1980s showed that conservatives were more 
likely than liberals to see space spending as inadequate.90

The support from political conservatives and liberal iconoclasts failed 
to stem the tide. Although the Reagan administration would come to extol 
the frontier image of space, its initial priority remained fi scal conservatism. 
In July 1981 Caltech president Marvin “Murph” Goldberger, prodded by 
Murray, created a new trustees subcommittee on JPL, chaired by Scranton, 
to mobilize more fully the potent infl uence of the trustees. The initial mem-
bership packed considerable political punch and included, among others, for-
mer Secretary of Defense Robert McNamara; Shirley Hufstedler, education 
secretary under Carter; Simon Ramo, a founder of the aerospace fi rm TRW 
and a longtime adviser to presidents; and Hollywood mogul and political 
insider Lew Wasserman.91
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As the budget crisis deepened in fall 1981 Caltech and its trustees again 
waded into the fray on behalf of JPL. Their preferred approach remained 
the back door of the White House. At the suggestion of Arnold Beckman, 
a longtime trustee, Goldberger in October sent a letter to Reagan via At-
torney General William French Smith. Goldberger defended the deep-space 
program on three main grounds: intellectual curiosity, international prestige, 
and technological spin-offs for industry and especially defense; two of the 
three justifi cations thus derived from the cold war. Beckman followed with 
a letter of his own to Meese, with a more practical political justifi cation: 
the cuts threatened “rapid disintegration of a 5,000/person, $400 million 
Southern California enterprise. . . . There are obvious implications to the 
support of the President and to his Party should the Administration permit 
such a catastrophe to take place.”92 In addition to Scranton’s persistent activ-
ity, and further interventions with Vice President Bush by Finch and Rawn, 
Goldberger made his own trip to Capitol Hill, where he pressed his case in 
particular with Senate Majority Leader Howard Baker. Baker wrote Reagan 
and followed up with repeated phone calls, stressing that he had no “parochial 
Tennessee interest” but rather a strong personal concern in the issue.93

Dénouement

The combination of Beckman’s pressure on Meese and Goldberger’s button-
holing of Baker proved decisive. The White House budget review commit-
tee met on 15 December 1981 to resolve the fate of the planetary program. 
Keyworth suggested a compromise: preserving Galileo, and hence JPL, at a 
cost in fi scal 1983 of $90 million. The budget would include neither VOIR, 
effectively killing it, nor the Centaur upper stage, forcing yet another Galileo 
redesign, but the lab was safe for the immediate future.94

The crisis scarred JPL, however, both externally and internally. Murray 
approached the political battles with the enthusiasm of the true believer: “we 
must be zealots.”95 Indeed, although he decried the need to play the politi-
cal game, Murray seemed to relish the strategems and the chance to roll up 
his sleeves for a good fi ght. But Murray proved perhaps too zealous. His 
end-runs to Congress and the White House exasperated NASA.96 He also 
moved away from his pragmatic, incrementalist approach toward a harder 
political line. In October 1980 he chastised comet scientists for insisting on 
a rendezvous instead of a fl yby: “The coalition got itself into the position 
of saying ‘All or Nothing,’ and it got nothing.”97 But a few months later, 
as his worst fears materialized in early 1981, Murray rejected compromise, 
for instance, the possibility of sacrifi cing one mission to save another—say, 
forsaking Halley to preserve Galileo. “We must not permit the staff in OMB 
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or Congress to trap us or other advocates in a no-win situation. There is no 
way to win by giving up one thing to get another, even if that were possible, 
which it normally is not. The only way to win is to protect Galileo, to get a 
successful reconsideration of some kind of U.S. Solar Polar mission in 1986, 
and to get the Halley in as an option. Anything else will mean losing. That is 
JPL’s position.” In short, Murray proclaimed to lab staff, “In the deep space 
area we do not bargain. . . . We have to go for the whole enchilada.”98

Murray’s tactics exposed Galileo and roused resentment at NASA and 
within JPL. In October 1980 Murray had warned planetary scientists to 
provide balanced advocacy: “We have to avoid overselling of a particular mis-
sion.”99 Some NASA managers now viewed him as doing just that on behalf 
of Halley and noted that “the actions taken by JPL management to ‘sell’ the 
Halley mission created, at times, the general impression that NASA and/or 
JPL were willing to forego the development of the Centaur and/or delay 
the Galileo project in the interest of committing to a Halley Intercept Mis-
sion.” They added that a byproduct was morale problems on Galileo; John 
Casani, Galileo project manager, and others on Galileo questioned Murray’s 
high-stakes wager with their work. Murray, for his part, viewed the Halley 
mission as the linchpin, “the key link in the trestle across the gorge,” and he 
could not understand why his staff did not share his assessment. At a retreat 
held by the lab’s executive council of senior managers, Murray asked how 
many thought cancellation of Halley and Venus missions would be a really 
serious problem. Only one person besides Murray thought it serious while 
fourteen others thought it not so bad.100

Murray was not the only planetary scientist to mobilize politically, but 
his especial activism stemmed from the failure of other lobbying efforts. 
In fall 1981 David Morrison, chair of the Division of Planetary Sciences of 
the American Astronomical Society, sent a circular letter to his colleagues: 
“The time has come to politicize the planetary science community.”101 But 
resistance to such appeals persisted among scientists, and both the division 
and the Space Science Board sought to preserve their objectivity by staying 
out of the political arena. The Planetary Society also proved an ineffectual 
means of infl uence. A society campaign organized in August 1981 to sup-
port the Halley mission generated 10,000 letters to the White House, which 
simply routed them all to NASA unopened.102

Why did the apparent public interest in space fail to translate into political 
support? The planetary program had attracted unprecedented interest from 
the Voyager encounters and Carl Sagan’s “Cosmos” and received endorse-
ments from a range of public and political commentators. But the general 
American public, the ultimate underwriters of the endeavor, did not share 
the commitment. NBC News polls in 1980 and 1981 found that most people 
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still thought the United States was spending too much or just enough on 
the space program; only one-fi fth thought support was inadequate. A clear 
majority also thought the space program should emphasize defense over 
science, a view that cut across political and demographic categories.103 JPL 
itself was already starting to refl ect such an orientation.
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MURRAY’S POLITICAL ACTIVITY IN THE EARLY 1980S HIGHLIGHTED A CENTRAL 
characteristic of JPL: the triangular relationship among the lab, Caltech, and 
NASA. As the only NASA center operated by a contractor, JPL maintained a 
delicate balance between the independence offered by the Caltech association 
and the accountability demanded of government programs. The maturation 
of the aerospace industry added a fourth leg to the triangle and introduced 
basic questions about JPL’s identity. All the while JPL itself was evolving in 
its internal organization and culture in response to changing contexts.

JPL and Caltech: Biting the Orange

Like the previous directors of JPL, Murray came to the job from Caltech, 
and he took offi ce with the explicit intention of building up relations with 
campus.1 Faculty animus dated back to the lab’s early years under the army, 
when professors questioned Caltech’s peacetime association with military 
work, and had continued through the 1960s, when the Ranger failures pro-
duced calls for divestment of JPL. In 1969 Caltech president Harold Brown 
had appointed a faculty committee to study Caltech’s association with JPL; 
the resultant report recommended continuing the affi liation but encouraging 
greater interaction between campus and lab. No substantive change in the 
relationship ensued, however, and in 1975 Brown appointed another study 
committee, this one counting six members each from the faculty and the 
lab, with physics professor Rochus Vogt and Jack James from JPL sharing 
the chair.2

The committee began by canvassing faculty and lab staff. Many of the 
responses noted the poor state, if not nonexistence, of relations between 
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the two institutions. Each side naturally viewed the other as the cause of 
trouble, with JPL staff regarding faculty as “supercilious and snobbish” while 
professors complained of “arrogant,” “hostile and insulting” lab managers. 
More substantive critiques attributed the gulf to a difference in cultures and 
objectives. The lab organized the efforts of many people toward a specifi c 
goal, with the requirements of risk-averse systems engineering and govern-
ment accountability fostering bureaucratic formality, whereas the campus 
preserved the freedom of individual faculty to defi ne their own approach to 
research and pedagogy.3

The committee issued its fi ndings, bound in orange and hence known 
as the “orange report,” in April 1976. The report laid out twenty forthright 
recommendations, from the practical to the programmatic. It suggested sev-
eral concrete steps to foster interaction, including joint appointments for 
faculty and postdocs, work-study programs for Caltech students at JPL, 
clear policies to compensate collaborative work, and a greater role for faculty 
in mission planning. The committee also repudiated classifi ed research as 
inimical to campus-lab collaboration in particular and to academic research 
in general, “except in times of national emergency.”4

The most pointed critique concerned the nature of JPL’s work. “At one 
time,” the committee reported, “JPL was an undisputed leader in the fi elds 
in which it generally practiced.” Now, however, the lab had fallen behind 
industry and other NASA centers in many areas; only in long-range tele-
communications did JPL remain preeminent. Campus faculty, the report 
suggested, should not be expected to collaborate in second-rate work. The 
committee noted a few sources of the decline in JPL’s engineering capa-
bility: increased contract monitoring, dwindling attention to research and 
advanced technology, and general conservatism. But it also suggested an 
underlying issue concerning the basic identity of JPL. Did the lab aspire to 
leadership in science, engineering, or management? Were JPL staff fi rst and 
foremost scientists, engineers, or managers? The committee urged that JPL 
focus on engineering, not management. “To remain a necessary and valuable 
resource, JPL must regain the status of an innovator, not just a user, of high 
technology.”5

At the same time, the committee recommended boosting the profi le of 
science at JPL. The lab lacked fi rst-rate scientists, according to the report. 
Scientists at JPL had no time for research, they lacked a role in mission 
planning, and personnel classifi cations provided no place for promotion. 
Goddard, by contrast, though not associated with a university, had still man-
aged to develop a top-notch research reputation. The orange report advised 
JPL to recruit leading scientists and give them half their time for research, 
accommodate senior scientists in personnel classifi cations, and appoint a 
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chief scientist. Thus strengthening science would also build a bridge from 
“the engineering character of JPL to the predominantly scientifi c character 
of the Campus.”6

The orange report met with a cool reception at JPL. Some observers 
noted that it focused its criticism on JPL and presented largely the faculty’s 
perspective: “Where were the six JPL members when all this happened?” 
R. W. Davies of JPL responded with a critique titled “Where to bite the 
orange?” in which he singled out several recommendations for censure. The 
condemnation of classifi ed research aroused resentment among the many JPL 
staff members who had cut their teeth on military projects, and Davies noted 
that the strong wording would surely scare off possible military sponsors 
if NASA work evaporated. He pointed out that increased campus involve-
ment in mission planning would provoke charges of insider trading from 
planetary scientists at other universities, who would think Caltech scientists 
unfairly capitalized on their JPL connections to win experiments on NASA 
missions.7 As for the nature of JPL’s work, Davies agreed that this was the 
central issue and that the committee’s critique had merit: “All of us are con-
cerned that our work has become less innovative.” Davies concurred that 
the lab should return to its strengths in engineering instead of management. 
The issue, however, was not so much one of campus-lab relations but more 
an issue in public policy: NASA’s insistence on contracting work to industry 
forced lab engineers into management roles.8

Both Murray and Brown immediately engaged the orange report’s recom-
mendations.9 Turning proposals into policy, and policy into practice, proved 
more diffi cult. Plans to double the number of Caltech students employed 
at JPL foundered on a limit imposed by campus on the number of hours 
students could work.10 The campus also shot down efforts in the following 
couple of years to grant course credit for work at JPL, as faculty committees 
refused to delegate academic responsibility to JPL staff, and joint faculty 
appointments raised questions about compensation and tenure.11 Hence by 
October 1977, a year and a half after the orange report, only three people 
had joint appointments; by 1980 there were eleven, but many more JPL staff 
taught at other local colleges than at Caltech.12

Given these barriers to exchange in the teaching function of campus, 
the other prime function of research remained for possible collaboration. 
The Caltech President’s Fund in the JPL budget provided short-term grants 
to university faculty for work with JPL, with the grants usually divided 
about equally between Caltech faculty and proposals from other universi-
ties; in 1980, for example, about $750,000 supported twenty grants, ten from 
Caltech.13 Voyager was also providing a prime opportunity for Caltech re-
searchers, with Vogt, Ed Stone, Andrew Ingersoll, and Eugene Shoemaker 
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working on experiment teams; Stone’s particularly prominent role highlighted 
the fruits of collaboration.

To encourage such research opportunities, the orange report had recom-
mended raising the status of science at JPL. In October 1977 Murray created 
the position of chief scientist and fi lled it with Vogt in a joint appointment. 
(Vogt soon resigned to chair the physics division on campus and was replaced 
by Arden Albee, a Caltech planetary geologist.)14 Later in 1978 Murray estab-
lished the job categories of senior scientist and staff scientist, intended to be 
equivalent to full professor and associate professor rank at universities; the 
new positions replaced the title of “member of the technical staff” previously 
held by research scientists.15 Fostering science at JPL, however, would involve 
more than new job categories and, indeed, would involve issues beyond the 
question of campus-lab interactions.

The orange report had noted one disincentive for Caltech to divest from 
JPL: the management fee that NASA awarded Caltech on the JPL contract. 
Since the 1960s the fee plus overhead had amounted to about 12 percent of 
the campus budget, and in the late 1970s the proportion started to rise.16 The 
orange report supported the status quo; it did not recommend diverting the 
fee from campus to lab, as some JPL staff suggested, but it did urge enlight-
ening the faculty to the fact that the JPL contract contributed as much to the 
campus budget as student tuition.17

Some JPL staff wondered what Caltech did to earn the fee. Caltech’s 
trustees provided little oversight. In 1970 the trustees ended the practice of 
approving the lab program each year; as Donald Fowler, Caltech’s lawyer, 
pointed out, NASA owned the facilities, set the budget and staff levels, and 
directed the program, “thus leaving virtually nothing to be ‘authorized.’”18 
In terms of resources, the job of administering JPL seemed bigger than run-
ning the campus: in 1976 the JPL budget of $250 million was fi ve times the 
size of the campus budget, and JPL’s staff was about three times the size of 
Caltech’s.19 Caltech administrators nevertheless continued to view JPL as 
the tail to the campus dog, leaving most programmatic direction to the di-
rector and NASA and stepping in only for programs involving non-NASA 
diversifi cation. Otherwise Caltech just concerned itself with broad policy 
issues at the lab, such as personnel. As these often involved legal questions, 
in practice Caltech’s general counsel, Fowler, provided the main contact be-
tween Murray and the campus.

These issues were not unique to JPL and Caltech. Several universities 
besides Caltech, including the University of California, Chicago, MIT, Johns 
Hopkins, and Stanford, struggled to integrate large government-owned labs 
with research and teaching on campus. Although the University of California 
benefi ted from longer interactions with the national lab at Berkeley, it still 
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wrestled occasionally with the blurry boundary between lab and campus; 
it also endured increasing questions in the 1960s about its association with 
nuclear weapons design at Livermore and Los Alamos. At Stanford, to take 
another example, physicists on campus maintained prickly relations with 
the Stanford Linear Accelerator Center, including squabbles over joint ap-
pointments, teaching privileges, and thesis supervision.20 In preparation for 
the orange report, JPL staff had visited several similar university labs for 
comparison: the Applied Physics Lab at Johns Hopkins, Draper and Lin-
coln Labs at MIT, and Lawrence Livermore Lab under the University of 
California. They noted that staff at each lab expressed concern about their 
relation with the campus and that none seemed to have signifi cantly higher 
interactions than did JPL with Caltech. They did perceive distance to be a 
general barrier to interaction: any lab farther than walking distance from 
campus found collaboration diffi cult—and JPL was a fi fteen-minute drive 
from Caltech.21

The orange report impelled no great change in Caltech’s relations with 
JPL. Neither the lab nor campus resolved the central issue, the confl icted 
identity of JPL and the decline of its engineering capability. As Davies had 
pointed out, the issue transcended the campus-lab nexus. And the underly-
ing attitudes persisted, exacerbated in the early 1980s by Murray’s political 
and programmatic activity, including the possibility of defense work, amid 
perceptions of lax campus oversight.22 Hence Murray would judge, “The 
greatest single failure I know about as director of JPL was my inability to 
solve this problem” of campus-lab relations.23

The failure, however, was not due just to Murray and JPL. It takes two 
to tango. Caltech was distracted by its own struggles in the 1970s, when the 
post-Sputnik surge in science and engineering education receded and domes-
tic economic woes eroded endowments.24 Even in easy times many campus 
faculty focused on their own work and paid little mind to the distant lab. And 
however much attention Caltech and JPL could give to their interactions, 
the role of NASA presented the clever technicians on campus and lab with 
a three-body problem, whose solution proved far more diffi cult.

JPL and NASA

NASA employed two main instruments, in addition to the budget, to manipu-
late the actions of JPL and Caltech: the contract and a memorandum of 
understanding. The contract established the legal parameters of NASA’s rela-
tionship with Caltech and so delineated the boundary between the public and 
the private—or, who really ran the lab. The basic difference in perspectives
—Caltech defending its independence, NASA demanding responsiveness—
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had produced contentious contract negotiations in the early 1960s, when the 
Ranger failures provoked NASA to question Caltech’s oversight.25 JPL’s sub-
sequent successes settled the relationship, however, and by the 1970s Caltech 
and NASA negotiated new contracts every three years with little acrimony. In 
1978 Caltech proposed extending the contract to fi ve years and carrying over 
the current contract with few modifi cations, and NASA agreed, indicating 
the acceptability of the current relationship to both parties.26

A few issues did remain between the two sides, often stemming from the 
basic ambiguity in JPL’s role as both independent contractor and NASA lab. 
For example, NASA managers and Caltech’s lawyers argued occasionally over 
the issuance of NASA Management Instructions. These thick documents pro-
vided offi cial guidelines on how to run NASA’s business, covering such sub-
jects as publication, training, travel, safety, reporting, and procurement. Since 
JPL was not technically a NASA center it did not have to obey these instruc-
tions, although Caltech accepted some in the contract and JPL went along 
with others voluntarily. Thus the lab’s refusal to accept the instruction limiting 
contacts with Congress gave it some leeway for lobbying during the Galileo 
debate in 1977. As this episode demonstrated, NASA managers nevertheless 
tried to enforce them at times, requiring Fowler to fend off the requests.27

NASA staff, especially at lower levels, also continued to grumble about 
the management fee paid to Caltech. In 1969 NASA had more than doubled 
the fee, from $1.6 million to $3.4 million, or from 0.75 percent to 1.6 percent 
of the baseline JPL budget; then in 1975 Caltech extracted another increase, 
to $4.2 million or almost 2 percent of the budget. Caltech justifi ed the in-
creases by appeals to infl ation and “extraordinary effort and contributions”; 
NASA staff dismissed the latter and noted that neither the JPL budget nor 
NASA’s had kept pace with infl ation. Caltech, however, had the upper hand 
in negotiations; a local NASA manager observed that NASA was not even 
submitting the existing contract for full negotiation, let alone opening it up 
for outside bids.28 NASA may have gotten wind of the suggestions among 
Caltech faculty that the institute divest itself of the lab; the prospect of fi nd-
ing a new contractor would have encouraged appeasement.

The stabilized contract negotiations benefi ted from JPL’s relatively benign 
relationship with NASA management at the time. In particular, the on-site 
NASA Resident Offi ce at JPL, created to exert local oversight, in practice 
proved friendly to JPL—for instance, by giving lab staff the opportunity to 
review and rebut annual performance evaluations.29 JPL also enjoyed greater 
autonomy than the NASA centers in the human spacefl ight program, which 
had more centralized management at headquarters; in the robotic program 
NASA worked with a relatively small staff at headquarters and delegated 
much technical authority to strong project managers at the labs.30 
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In addition to the contract, NASA relied on a joint memorandum of 
understanding, or MOU, to spell out the respective responsibilities of the 
agency, institute, and lab. Caltech and NASA had signed the fi rst memo-
randum in 1968, at the insistence of NASA, apparently as a way to encour-
age certain activities not covered by the contract—in particular, campus-lab 
interactions and non-NASA work. NASA won some concessions, such as 
the right to approve senior staff appointments, and Caltech and the lab got 
two discretionary funds—the JPL Director’s Discretionary Fund and the 
Caltech President’s Fund—and the right to pursue non-NASA programs. 
Campus representatives viewed non-NASA work as “the most signifi cant 
single result,” since it led to the civil systems activity, and cited the MOU as 
a good reason to keep the JPL contract.31

The expansion of non-NASA work, especially in energy programs, 
spurred Caltech and NASA to negotiate a new MOU in 1978. Caltech and 
JPL took the position that lab staff were Caltech employees and as such 
should be allowed to accept contracts from any potential sponsor, without 
approval from NASA and at equal priority to NASA programs, except if 
NASA facilities were involved. But Fowler, again Caltech’s lead negotiator, 
also recognized “an almost certain desire on the part of NASA to put a limit-
ing percentage of some kind on work for non-NASA sponsors.” Fowler 
insisted that “contrary to legend, no percentage limitation has ever been 
agreed upon, at least in writing,” and he further urged that Caltech resist 
any such limitation.32

NASA, however, did not want to see its substantial investment in JPL 
diverted to other ends. NASA’s negotiators indeed insisted on a limit and 
also sought the right to approve all such work. Caltech accepted the limit 
but wanted to keep it high, from 30 to perhaps 50 percent, and fl atly rejected 
NASA oversight of non-NASA work. As a tradeoff, Caltech proposed that 
NASA accept institutional responsibility for JPL; in case of a major cancel-
lation of non-NASA work, NASA would step in to sustain the lab.33 After 
much haggling, NASA and Caltech settled on a compromise, dividing work 
for others into two categories. For category A work, NASA allowed JPL 
to perform another agency’s work as if it were NASA’s, with no limits. At 
the time the MOU defi ned category A to cover only JPL’s programs for the 
Department of Energy. Category B included work for all other agencies, 
such as the Departments of Defense and Transportation; the lab could pursue 
such programs on a noninterference basis with NASA work and only if they 
occupied less than 10 percent of the total JPL workforce.34

As with the contract negotiations, the new memorandum of understand-
ing hinged on the dual nature of JPL. Was it a Caltech lab, which happened 
to have most of its current work for NASA? Or was it a NASA lab, run for 
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the time being by Caltech? From the perspective of Pasadena, history sup-
ported the former: JPL was a Caltech lab that found a sponsor in the army, 
then transferred to NASA—and perhaps could switch sponsors again in the 
future. From Washington, JPL appeared as a NASA-owned facility, which 
NASA had agreed to let Caltech run for the next fi ve years—but not neces-
sarily any longer.

The memoranda of 1968 and 1978 were not legally enforceable docu-
ments, but rather a general statement of intentions. Hence some NASA man-
agers viewed the MOU as at best superfl uous: NASA should handle any 
agreements formally, in the contract, or not at all. Caltech faculty meanwhile 
found the new MOU “full of good things,” and Murray himself viewed the 
MOU as “more important” than the contract.35 The MOU hence added to the 
relatively pacifi c environment conferred by the latest contract negotiations, at 
least in the view from Pasadena. And in the end, NASA-JPL relations came 
down to performance: if JPL did its job, NASA was happy. The acrimony 
amid the Ranger failures evaporated thanks to the overall success of Mariner, 
Viking, and above all Voyager. Even in 1981, while NASA’s support of plan-
etary exploration looked doubtful and while Murray was exasperating NASA 
with his end runs, the institutional relationship remained healthy, certainly in 
better shape than two decades earlier.36 The old question remained, however, 
as Fowler had observed while negotiating the contract in 1978: “Is it ‘NASA’s 
Jet Propulsion Laboratory’ or ‘Caltech’s Jet Propulsion Laboratory’?”37

JPL and the Aerospace Industry

Another persistent issue in the NASA-JPL-Caltech relationship concerned 
the part played by industry. As the aerospace industry matured and acquired 
capabilities previously monopolized by JPL, it added a fourth leg to the tri-
angle. The issue was not new to NASA, whose predecessor agency NACA 
(National Advisory Committee for Aeronautics) had wrangled with aircraft 
companies over the performance of aeronautics R&D, or to government sup-
port of industrial research in general, which required defi ning a boundary 
between public and private sectors.38

Aviation, automobile, and chemical fi rms entered the space business in the 
1950s but struggled at fi rst to acquire the expertise in electronics, materials, 
and chemistry required by guided missiles and spacecraft, as well as an ap-
preciation for state-of-the-art R&D instead of standardized mass production. 
Hence JPL engineer Clifford Cummings characterized the aircraft industry 
in 1958 as “hopelessly ineffi cient,” with “little understanding of research 
and advanced development.”39 This “cockeyed image of ourselves” persisted 
through the 1960s, according to JPL engineer Brooks Morris, even as such 
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fi rms as TRW and Hughes developed extensive satellite expertise, most of 
it through spacecraft for military reconnaissance and commercial commu-
nications.40 For groups like the Hughes Space Division, which might have 
sales of several hundred million dollars a year, a NASA contract for $50 or 
$100 million spread out over several years provided a very small fraction of 
business. That did not keep them from competing for NASA contracts, or 
from complaining that NASA kept work in-house instead of contracting 
it to industry. And a decline in military space spending in the early 1970s, 
alongside NASA’s cutbacks, left these companies scraping for business.41

The aerospace industry’s attitude counted in Congress and the executive 
branch. With hundreds of thousands of jobs at stake, the aerospace industry 
was the most powerful interest group for the space program.42 Constant 
questioning of in-house development at JPL and other NASA labs sensitized 
the agency’s managers. Thus, for example, NASA administrator Fletcher in 
1976 sought to shift more work to industry to preempt congressional criti-
cism.43 The policy extended to JPL fl ight projects, which followed two main 
modes of industrial contracting. In the fi rst, known as subsystem mode, 
JPL contracted only for industrial production of selected components and 
otherwise kept in-house the design, assembly, and testing of hardware and 
its integration into the fi nal spacecraft. In the second, system mode, JPL 
delegated the design, assembly, and testing of the entire spacecraft system 
to industry; the lab only planned the overall mission, oversaw the industrial 
program, and ran fl ight operations.44

JPL traditionally favored the subsystem mode, owing to its presumed 
technical superiority and perhaps to its legacy as an army lab; the army’s 
arsenal model kept much design and development in-house even to the proto-
type stage.45 But it did have experience, both good and bad, with both modes. 
The in-house Ranger series endured failures before meeting success, and the 
system-mode Surveyor similarly experienced both failure and success. Most 
of the successful Mariners were in subsystem mode, but the equally success-
ful Mariner 10 was an industrial job.46 The performance of two of the main 
fl ight projects in the late 1970s could have tilted the balance, although here 
too it was not clear-cut. JPL built Voyager in subsystem mode, within cost 
estimates, but succeeded only after early mishaps. Seasat, an earth-orbiting 
oceanographic satellite built by industry in system mode, came in over budget 
and failed three months after launch in 1978, but it still fulfi lled much of its 
mission.

The question of subsystem versus system mode became known as the 
“make-or-buy” issue, which Bruce Murray early identifi ed as “probably the 
most diffi cult single question JPL must resolve.” In July 1977 he called a spe-
cial retreat for senior staff to consider it. The assembled managers  perceived 



68 • The Murray Years, 1976–1982

several problems with the current subsystem mode. The ebb and fl ow of 
project assignments forced them to cope with peaks and valleys in staff lev-
els, which in turn put pressure on facilities. Lab staff were then kept busy 
building hardware instead of spending their time on innovative design. And 
subsystem mode opened JPL to complaints from industry about competition. 
Against these, however, were the advantages of subsystem mode, in keeping 
technical experience and responsibility for budgets and schedules within JPL. 
Above all was the question of whether the lab could give up the old way and 
learn to do all its projects in system mode.47

Another factor favoring system mode was the political support industry 
could provide for planetary projects. NASA managers certainly recognized 
this benefi t, and thus for instance had planned fi rst Grand Tour and then 
Voyager for system mode and had used possible aerospace contractors, such 
as Boeing, to help sell the mission; Pickering had undercut this support by 
fi ghting for and winning Voyager as an in-house project in July 1972.48 Five 
years later NASA and even some JPL staff suggested that the lab contract 
the Galileo spacecraft to industry, but the status quo prevailed and it would 
be built in-house.49

The political context highlighted the dilemma of the make-or-buy deci-
sion. Involving industry would shore up dwindling political support for 
deep-space missions, but at the same time it would decrease the amount 
of work performed at JPL at a time of institutional stress. In addition to 
cutting the amount of work, system mode would also change its character. 
Contracting to industry would turn engineers into managers, by requiring 
them to supervise industrial work instead of building things themselves. It 
thus revived the fundamental question about the identity of the lab: was it a 
technological or managerial organization? If JPL staff were engineers, they 
should be designing and building new technologies in-house; but if they 
were really managers, they could be overseeing technical projects at indus-
trial contractors. If the lab was indeed a managerial institution, that would 
cancel the benefi ts of the Caltech connection because campus expertise was 
strictly technical.50

The lab would struggle with this identity crisis for the next twenty-fi ve 
years. At the time Murray and his staff resolved that JPL remained a techno-
logical organization, but that it was in the lab’s interest to contract as much 
work as possible, thus allowing its engineers to focus on advanced develop-
ment. Contracted work should include those functions for which industry 
had the ability and which required “no special degree of innovation or ad-
vancement in state of the art,” as well as those requiring a large workforce 
over short time frames. JPL would continue to do advanced concepts, and 
also those activities necessary to keep the expertise necessary to supervise 
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work under contracts. This last justifi cation became known as the “smart 
buyer” argument—lab staff had to know what they were getting from in-
dustry to avoid being fl eeced—and resulted in a determination to have one 
major fl ight project under way in-house at all times.51 The memorandum of 
understanding of 1978 codifi ed the policy, which underpinned the battle to 
defend Galileo and win a new mission to succeed it.52

LESS Is More?

Part of the impetus for system contracting came from a concurrent push by 
NASA to cut costs. Planetary exploration was, and is, an expensive endeavor. 
Ballooning budgets, represented particularly by the billion-dollar Viking, 
compounded the problem of obtaining political support.53 In response, 
NASA in 1973 had created a Low Cost Systems Offi ce, and by 1976 a gen-
eral plan had emerged to promote smaller, standardized missions instead of 
sophisticated, unique spacecraft. More modest mission goals would simplify 
both the technology and fl ight operations; and standardized spacecraft would 
rely on proven, off-the-shelf hardware instead of new technologies and so, in 
effect, would save money twice—fi rst by not spending money on technology 
development, and second by not needing costly proof testing. The initiative 
thus removed one of the justifi cations for in-house development at JPL.54

JPL provided a particular target for cost-conscious NASA managers 
because of perceptions that it was “too high-priced and gold-plated in its 
approach.” As Fred Felberg, JPL’s assistant director for plans and programs, 
observed, “We have the image of producing ‘Cadillac class’ products; very 
good, luxurious, possibly cost effective, and costly. . . . Only in a few in-
stances have we put out Model A type proposals.” The image of “Jet Posh 
Lab” had wide play among NASA and industry managers, although some 
admitted privately that sometimes you get what you pay for: JPL did de-
liver quality. The extensive testing, redundancy, and design conservatism that 
fostered quality made JPL seem more costly in comparison to other NASA 
labs.55 Part of JPL’s expensive appearance stemmed also from its status as 
the sole contractor-operated lab among the NASA centers. The civil service 
centers had separate budgets for internal, institutional costs, including civil 
service labor, whereas JPL took labor costs out of the R&D program. As a 
result, JPL looked less productive for a given R&D budget than the other 
NASA centers.56

Factors external to JPL also drove up the cost of missions. Political calcu-
lations produced the belief that it was easier to sell one big mission than many 
small ones, and ensuring scientifi c support for missions tended to increase 
the number of experiments, which made for complex spacecraft. Resisting 
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these factors required backbone in program and project managers. NASA 
managers found it too easy to accept the wish lists of planetary scientists, 
who said, in effect, as long as we are headed that way, maybe we should take a 
look at such-and-such. The agency’s lab directors identifi ed overly ambitious 
mission requirements as “by far the most important reason for high costs,” 
and NASA and its labs then too often caved into investigators’ requests to 
change those requirements midstream.57 Finally, JPL and NASA managers 
recognized a basic tradeoff between cost and risk. The space program was 
paying for its own success: “During the early days of the Lunar Explo-
ration Program, the public was conditioned to failure. Today the Agency 
[NASA] conditions the public for 100 percent success. . . . What image does 
the Agency want and is it willing to pay for it?”58

The low-cost initiative forged ahead against these obstacles. It supported 
development at JPL of standard spacecraft components such as computers, 
tape recorders, transponders, and solar cells.59 Although Voyager later came 
to represent the epitome of the custom project, as a scaled-down proposal 
from the Grand Tour—at one-fourth the cost of Viking—it meshed with the 
low-cost effort, especially since it was initially intended to serve as a standard-
ized template for subsequent missions to Uranus and Neptune. Voyager thus 
used funding from the Low Cost Systems Offi ce to develop inertial reference 
units, hydrazine propulsion systems, and other standard components.60 In 
1980 JPL developed what it called the LESS program, for Low-Cost Explora-
tion of the Solar System. LESS aimed for missions with short lead times, of 
two or three years, and costs of perhaps $100 to $200 million through now-
familiar measures of focused mission goals and inherited technology.61

JPL had one low-cost model at hand in the Mariner 10 mission of 1973–74. 
JPL had developed the spacecraft in system mode, with a budget of under 
$100 million, about 30 percent less than other Mariners. The project came in 
under budget and on schedule, with only a few years between approval and 
launch, and returned the fi rst photos from Venus and Mercury. It achieved this 
through a management approach based on strict mission guidelines and ex-
periment selection, delegation of responsibility to experimenters within rigid 
budget ceilings, and a generous weight margin to trade off against costs. But 
NASA and JPL managers viewed these management lessons as mixed, owing 
to the many emergencies that cropped up after launch—at least forty-one fail-
ures or anomalies, several of them serious enough to threaten the mission. JPL 
mission controllers had saved it only by a series of ingenious but nail-biting 
work-arounds, and JPL and NASA managers wondered whether “shortcuts 
in the design, development, and test program” overly imperiled the mission.62

There were additional reasons for reluctance. As Robert Parks pointed 
out, reducing the requirements for missions at some point became pound-
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foolish: “if the scope of a mission is reduced to too low a level, it will not be 
cost effective since too high a percentage of the cost will be paid for just get-
ting there (including the cost of the launch vehicle).” This applied especially 
to the outer planets. Parks also observed that new concepts could sometimes 
reduce costs as well as infl ate them, but that NASA at some point had to pay 
to fl ight-test them; otherwise the low-cost initiative would stifl e technology 
development and perhaps cost more in the long run.63

Lab engineers meanwhile were learning from experience that standard-
ized hardware might not match the various environments throughout the 
solar system. Mariner 10, for example, had used leftover parts from earlier 
Mariners, but they then had to be modifi ed to handle the thermal environ-
ment at Mercury.64 The Seasat project of 1978, although an earth-orbiter, 
highlighted the hazards of standardization. The spacecraft failed after three 
months. A NASA failure review board traced the direct cause of failure to 
an electrical short in a slip ring, which connected the rotating solar arrays 
to the stationary satellite bus. The board located the indirect cause in the as-
sumption that the Agena bus was standard equipment and hence did not need 
detailed testing, when in fact it was substantially modifi ed for Seasat. The 
review warned, “the world of space fl ight is an unforgiving one and words 
like ‘standard,’ ‘existing,’ and ‘similar to’ can be traps for the unwary.”65 The 
lessons of Seasat, however, were lost on JPL and NASA, as would be evident 
twenty years later.

These factors stalled the low-cost drive. In 1980 Murray noted that budget 
pressures required JPL to “really put some muscle into a study and analy-
sis of how to carrry out solar system exploration more cheaply. Those are 
old words and they’ve been said many times, but they haven’t had enough 
conviction.” He pinpointed two common sources of expense. One was the 
assumption that each mission required new technology—or, was an oppor-
tunity to develop new technology: “That requires self-discipline because we 
are technologists.” The other was pressure from scientists to add to mission 
requirements—again, a diffi cult task, “because the reason we’re here at JPL 
is that we believe in the science and the exploration.” In both cases JPL staff 
were complicit in cost run-ups: “we have met the enemy and he has a familiar 
countenance.”66

But Murray himself could have looked in the mirror. In the 1960s Mur-
ray had advocated incrementalism in planetary missions, and in early 1976 
he argued for the Lunar Polar Orbiter as a model for low-cost missions. 
Just a few months earlier, however, as he prepared to take the helm of JPL, 
Murray seemed to believe “more ambitious space missions to be more cost-
effective than less ambitious ones,” at least in the perception of Felberg.67 
Viking and Voyager then may have provided the clinching evidence that 
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bigger was better, at least in the deep-space program. In a talk to planetary 
scientists in 1980, Murray admitted that he had opposed Viking as “too big 
a leap,” seeking instead a simpler investigation of Martian chemistry before 
searching for life. He continued, “I was right, in a narrow technical sense. 
. . . But I was dead wrong in a programmatic sense. Viking was the right 
thing to do. If that hadn’t been done, if there hadn’t been something on that 
scale to respond to the widespread public aspiration for the search for life, 
we would know far less about Mars now.”68 Two years later, NASA deputy 
administrator Hans Mark tried to persuade Murray that smaller, specialized 
missions were politically more palatable, pointing out that Voyager cost 2.35 
times as much as the Pioneer 10–11 mission, and that Galileo would be close 
to four times as much, accounting for infl ation and stretchouts. Murray re-
plied that the volume and signifi cance of the data returned by Voyager more 
than made up for the added investment, and that Voyager and Pioneer in 
fact cost about the same in average annual funding since Voyager took years 
longer to develop. Murray concluded, “it could be more cost effective . . . 
to launch ‘Voyagers’ once every N[times]2.35 years rather than ‘Pioneers’ 
once every N years.”69

One NASA manager hence noted in 1981 that “JPL has not really ac-
cepted the fact that things must be done cheaper.”70 The agency thus blamed 
the budget crisis of 1981 in part on the lab’s top management, which failed 
to develop “realistic plans to gain new business,” including “low cost ef-
forts . . . and less sophisticated, standardized missions.”71 It was not the last 
time NASA would push for cheaper, smaller planetary missions against the 
resistance, perceived and real, of JPL.

JPL’s Internal Organization

JPL’s organization in this period sought a balance between continuity and 
change, reliability and risk. Organizational inertia viewed from one perspec-
tive was a source of strength, producing the loyalty and esprit de corps that 
characterized JPL. But the appointment of Murray had revealed perceptions, 
at Caltech and JPL, that the lab had become hidebound. The sheer size of the 
lab contributed to inertia, as did aging staff, a lack of management turnover, 
and Pickering’s long tenure of easygoing leadership.72

Murray took offi ce with a mandate to shake things up.73 On 30 July 
1976 Murray announced a major reorganization, what became known as the 
“Thursday night massacre.” The stated justifi cation was to streamline the 
organization in order to eliminate overlapping functions, reduce overhead, 
and cut the number of people reporting directly to the director. But the orga-
nizational consolidation also offered a means to clear out deadwood at higher 
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levels, since reducing the number of offi ces effectively demoted a number of 
senior managers. Murray acknowledged the effects on particular individuals 
but asserted that change was necessary for renewal and growth.74

The reorganization simplifi ed organization charts, but it did not promote 
morale. It coincided with the prospect of 5 to 10 percent staff cuts owing to 
the bathtub problem in fl ight projects. Despite new termination policies to 
soften the blow, including help with outplacement, a regional union—the 
Engineers and Scientists of California—was encouraged to revive attempts 
to organize JPL employees, prompting active dissuasions from Murray and 
senior managers. Those remaining on the lab payroll meanwhile looked over 
their shoulders for the next round of layoffs.75 A week after the massacre 
Murray sought “to put to rest the speculation, the uncertainty, the anxiety 
over what is going on” by declaring that “I don’t have any more shoes to 
drop.” But change appeared to apply to Murray’s assurances. In his inaugural 
comments to lab staff four months earlier, before the bloodletting, Murray 
had stated: “Are s[w]eeping changes imminent? Do I have a list of jobs that 
I’ve already decided to destroy or replace or remove? The answer is no.”76

Murray’s standard managerial mode exaggerated the morale problem. He 
appeared to proceed from one crisis to another, with the lab always mobilized 
to meet current emergencies but also with better days just around the cor-
ner.77 This state of perpetual crisis entailed a focus on the short term, which 
counteracted Murray’s own embrace of strategic planning and also perhaps 
contributed to Murray’s early burnout from the director’s job. But despite the 
fi re-drill atmosphere, Murray’s activism encouraged initial perceptions that 
he was tightening up management.78 One might extend the Camelot image 
from Voyager, modifi ed by analogy to the Kennedy presidency: a dynamic, 
youthful leader with public relations savvy taking over from the genial, con-
servative grandfather fi gure, promising new ideas and promoting young up-
and-comers, and combining idealism with cool political calculation.

Murray also battled bureaucracy. Coordinating the many interfaces in 
a planetary spacecraft required formal procedures and documentation, two 
prime indicators of bureaucracy. The trend in fl ight projects toward fewer, 
larger missions exacerbated these features, since larger teams, longer develop-
ment, and more complex technology required ever-fi ner levels of coordina-
tion. From the freewheeling, small-team days of the 1950s, JPL had evolved 
into a big, hierarchical, formal bureaucracy.79 The low-cost effort bucked the 
trend, but the Ranger experience had taught JPL engineers to appreciate the 
high costs of failure as a counter to material costs. Jack James, a progenitor 
of systems engineering, thus argued that bureaucracy was a strength as well 
as weakness: “every new organizational interface or operational requirement 
or report was imposed to fi x a problem and prevent its recurr[e]nce.”80
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By the 1980s, however, a general perception emerged among lab staff 
that “things are harder to get done than they used to be.” In their periodic 
meetings with lower-level staff, Murray and deputy director Charles Terhune 
received one consistent message: “Too much bureaucracy.”81 Some of the red 
tape came from Washington, in the “ever-growing requirements for reports, 
audits, etc.,” but much of it derived from the lab itself.82 Lab staff exhibited 
a common tendency to form study groups to approach a problem. For ex-
ample, in response to an employee’s complaint about the lack of information 
on open jobs at the lab, the requisite special committee assembled and gener-
ated an inch-think report.83 And then there was the, yes, Paperwork Reduc-
tion Task Group of 1970, whose twelve subcommittees and three advisory 
subcommittees prompted the New Yorker to comment, “We can hardly wait 
for their written reports.”84

Above all, noted John Heie, “bureaucracy is a means of maintaining 
control and minimizing risk.” Conservatism ultimately fl owed from the top 
down, and Heie declared that “management has to be willing to live with a 
certain mistake threshold.” However, he continued, conservatism had be-
come “a way of life and to change it, in my opinion, would be revolution-
ary.”85 Conservatism does not encourage revolutionary action. In 1981 
 Murray launched an attack on bureaucracy through several policy changes, 
including delegation of authority to lower levels.86 These measures treated 
the symptoms of bureaucracy but did not address the underlying causes. The 
lab’s attitudes toward risk and general conservatism had been forged twenty 
years earlier and continued to determine how JPL conducted its business.

The People of JPL

The laboratory, as Murray and his senior staff recognized, was at its base a 
collection of people. Who were they? The lab’s disciplinary diversity con-
founds any identifi cation of a typical employee. Hardware designers, soft-
ware programmers, fl ight navigators, mission controllers, systems manag-
ers, quality control engineers, and research scientists all mingled in fl ight 
projects, not to mention the myriad smaller programs pursued at the lab. 
Several characteristics of JPL staff nevertheless may be discerned against 
this background.

JPL’s reputation could attract the cream of technical talent. The relative 
lack of military connections may have provided an additional attraction for 
young scientists and engineers in the 1970s; a survey of lab staff in 1980 found 
that between 10 and 20 percent would not want an assignment to defense 
work.87 But JPL’s declining prospects limited its ability to recruit new staff, 
and instead the core of veteran lab staff remained intact, with the average age 
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advancing steadily into the forties; by 1981 well over a quarter of scientists 
and engineers were over fi fty years old.88 The staff remained also largely 
white and male: in 1976 minorities fi lled 13 percent of full-time positions 
and women 16 percent. Asian ethnic groups made up the largest proportion 
of minorities, followed by Latinos and blacks.89

The JPL labor force in this respect followed the demographic of science 
and engineering disciplines nationwide, and it had almost twice the propor-
tion of minorities as NASA as a whole.90 The lab nevertheless resolved to 
improve minority and female representation. In 1971 Pickering had started 
an affi rmative action program and in 1975 created an Advisory Committee 
for Minority Affairs, to report to the director on minority concerns. Mur-
ray continued both programs and established a similar Advisory Council 
on Women.91 But while Murray and Terhune gave affi rmative action their 
full support, the program depended as well on attitudes of lower-level staff, 
not all of whom necessarily shared the commitment.92 And during a period 
of national debate over affi rmative action, which saw the Supreme Court 
strike down minority quotas in the Bakke case of 1978, some JPL staff, 
including some minorities, repudiated the lab’s program as a “degrading” 
quota system that undermined merit-based advancement.93 It did, however, 
increase minority representation to 17 percent and female representation to 
21 percent by 1980.94

The lab needed affi rmative action in promotion as well as hiring. Mur-
ray noted that the improved statistics for minority and female employment 
did not show “the very serious problem . . . of upward mobility.”95 In 1977 
minorities constituted 27 percent of clerical staff and 21 percent of techni-
cians, but only 14 percent of professional staff and 9 percent of managers. 
The numbers were worse for women: 88 percent of clerical staff, 11 percent 
of technicians, 8 percent of professionals, 9 percent of managers.96 The age 
demographic clogged the managerial ranks with senior people still years 
from retirement, affecting promotion not just of women and minorities but 
of younger staff in general.97 By 1977, Caltech electrical engineer John Pierce 
was warning Murray that “very good people have left JPL.”98 Unlike indus-
try, JPL offered no bonuses or stock plans and a constrained salary scale, and 
unlike academia, no lab staff enjoyed tenure. Competition for technical talent 
with industry in particular increased as the aerospace sector revived in the 
late 1970s.99 Lack of individual recognition further handicapped employee 
relations. JPL’s work and culture stressed collective instead of individual 
achievement. As fl ight projects manager Robert Parks put it, “The result of 
several modestly competent efforts all directed to the same goal can be much 
greater than the brilliant efforts of an equal number of extremely competent 
people if they are pulling in opposite directions.”100
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How did JPL get individuals to work toward collective goals? There were 
several possible motivations: the chance to advance national priorities, the 
romance of space exploration, technical and scientifi c challenges, and personal 
ambition. Selfi sh considerations proved stronger. A staff survey in 1980 asked 
what factors should infl uence selection of lab missions: lab employees rated 
national and social needs the least important and personal satisfaction and 
career goals the most important.101 But the work itself enticed many lab staff. 
Lab managers identifi ed two general categories of people at JPL: “One part 
includes those individuals who are inspired by the Space Exploration Program 
itself to make their careers at JPL. They tend to be associated with mission 
and system analysis and design functions. The other part includes the expert 
engineers who build their careers around challenging application of forefront 
technology. They tend to be more heavily in the subsystem and operations 
development functions.” The attraction of the work helped compensate for 
lack of material rewards: mission designers, noted their manager, “do not 
believe that JPL is competitive in terms of salary and benefi ts. (They stay 
here because they like the work.)”102

Not all JPL staff were starry-eyed about space. Half the lab consisted of 
administrative or offi ce staff, technical assistants, and other support staff, for 
whom the paycheck remained a prime motivation. Some of these nontechni-
cal employees echoed public apathy toward the space program. In the midst 
of the Viking encounter, David Golidy, a twenty-eight-year-old janitor, took 
a cynical view: “At fi rst, I thought it was great, but, more and more, I wonder. 
I mean, it’s just a political game, another step in the great space race with 
the Russians. Like, look at the moon. What did we get? Nothing but rocks. 
And now, here we go again.” Ron Goldbach, a twenty-two-year-old security 
guard, likewise failed to catch the excitement of Viking. “I’ve worked here 
maybe three months and, so far, the most interesting thing that’s happened 
was a rat. . . . It was a big rat and it ran right across the auditorium and jumped 
into a secretary’s wastebasket.”103

In one respect JPL perhaps more closely followed industrial than academic 
employment patterns: lab staff did not have to possess a PhD to succeed. By 
the late 1970s about half of the 4,000 or so lab staff were scientifi c/engineer-
ing professionals; of those, about half had advanced degrees, including 350 
doctorates—a substantial number in absolute terms, but less than 10 percent 
of total lab staff.104 The relative scarcity of PhDs may have contributed to 
putdowns from Caltech faculty; but few on campus would have questioned 
the capabilities of, say, John Casani, who had just a bachelor’s degree. JPL 
engineers believed that on-the-job training more than made up for a lack of 
advanced degree and that graduate schools did not necessarily teach the sort 
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of specialized skills, such as spacecraft navigation or systems engineering, 
that planetary exploration demanded.105

Whether inspired by the mission or ambition, JPL technical staff did work 
hard toward the lab’s goals, often at great personal sacrifi ce. Hundred-hour 
work weeks took their toll, and a saying in the space-science community 
held that “any sizeable project generates a divorce for everybody that’s really 
involved.”106 Despite the cost to families and marriages, this commitment 
produced the esprit de corps that had long characterized JPL culture. By 
1980, however, the lab had changed in subtle but important ways from two 
decades earlier. The lab was larger than ever, surpassing the earlier peak of the 
late 1960s with more than 4,600 staff.107 With size came a change in culture, 
affected also by a lack of launches: in the late 1970s the lab launched only the 
Voyagers in 1977 and Seasat in 1978. As Jack James pointed out, the dwindling 
launch rate threatened “continuity in lore and know-how”; the result was 
“a decline in what was once the ‘JPL spirit,’” which James traced to poor 
morale after layoffs, NASA harassment after Ranger, and poor recognition 
for individual contributions.108

James might have added: a shortage of social interactions. The lack of 
launches precluded the bonding experience provided by the combination of 
intense work and play off-site. James would have known: he himself was a 
cigar-smoking raconteur prized at parties for tales told in his Texas twang.109 
Lab staff complained about the lack of communication among various groups 
and of informal social interaction in general.110 The lab newsletter exemplifi ed 
the trend as the breezy, often bawdy accounts of fi shing trips and “Canaveral 
Capers” in the 1950s gave way to dry administrative reports in the 1970s.111 
Perhaps it was just a matter of getting older: the energetic, twenty-something 
new graduates of the 1950s now had families and mortgages and lacked both 
the priorities and the stamina to work night and day and then go out for 
drinks. John Casani, a hail-fellow-well-met sort, did try to provide a social 
environment on Voyager, fi nding any excuse to throw a party and blow off 
steam. But the sheer size of the Voyager project, with its several hundred 
workers, let alone the thousands of lab staff in different programs, precluded 
the sort of camaraderie that earlier characterized the lab and instead contrib-
uted to the depersonalization of the large organization.
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F I V E

Diversifi cation

HOW DID JPL CONTINUE TO GROW DESPITE THE BUDGET CUTS IN THE PLANE -
tary program? Instead of defending its main mission, JPL had a second option 
for institutional survival: fi nd a new mission. If planetary spacecraft could 
not keep JPL in business, perhaps it was time to try different products and 
customers. After all, the lab had changed missions and sponsors before, with 
great success.

The lab found particular opportunities for diversifi cation in three fi elds: 
astronomy, earth sciences, and energy. The fi rst two appeared as competi-
tors to planetary exploration within NASA’s space science program. As as-
tronomy and earth science acquired increasing support from NASA, JPL 
managers concluded: if you can’t beat them, join them. Diversifi cation into 
these fi elds required no change in sponsor and drew on space technology 
and systems engineering. Energy programs, however, brought a new sponsor, 
and although Murray and his managers argued that energy research would 
benefi t from space technology and techniques, diversifi cation in this direc-
tion represented a greater departure for the lab, with important long-term 
effects.

Energy

JPL had already started to diversify in the late 1960s with what was called 
the civil systems program. By 1976 civil systems had a budget of $21 mil-
lion, about 10 percent of total lab funding, and employed more than 200 
staff on work in energy, transportation, the environment, and biomedicine. 
Government agencies funded 90 percent of this, with the Energy Research 
and Development Administration (ERDA) the largest sponsor and solar 
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energy the largest program, at about two-thirds of the effort.1 In 1975 Mur-
ray decided that civil systems work had grown too diffuse, and he sought to 
focus on one fi eld outside of unmanned space exploration where JPL could 
make clear practical contributions. He identifi ed energy research as a prime 
candidate.2

Energy occupied a central place in the American consciousness in the 
mid-1970s. Cheap, plentiful oil had fueled the postwar American economy 
and suburban culture, and it is hard to recapture the sense of crisis, almost 
panic that gripped the United States when that supply was threatened. The 
oil embargo, imposed in 1973 by Arab nations as a consequence of their war 
with Israel, provided the immediate context for the crisis, but underlying 
issues of supply and demand had been causing shortages and blackouts since 
the late 1960s and would keep energy a national priority for years afterward. 
In April 1977 President Carter declared the energy challenge “the moral 
equivalent of war,” and policymakers at the time warned darkly of “social 
upheaval and revolution” if factories, furnaces, or freeways shut down for 
lack of fuel.3 Murray thus chose energy as a second main mission for JPL in 
addition to planetary exploration. To signal the lab’s commitment, in one of 
his fi rst acts as director Murray reassigned Bud Schurmeier from manager 
of the high-profi le Voyager project to lead the energy work.4

JPL’s response to the energy crisis derived from four main sources. The 
fi rst was institutional—not only in the self-interested preservation of JPL 
amid space program cutbacks, but also in the sense of public service. Caltech 
and lab staff viewed the lab as “a national resource which should be put to its 
best and fullest possible use.”5 Murray embraced the concept of JPL as a “na-
tional laboratory,” with “expertise in a wide variety of disciplines” available 
for application to national needs. The key criterion for a non-space mission 
was that it be “of national importance,” and energy clearly qualifi ed.6 Mur-
ray advanced this view despite the presence of several other large, multidis-
ciplinary labs, at Argonne, Brookhaven, Oak Ridge, and elsewhere, already 
designated as national labs and committed to the federal energy program.

Technical expertise provided the second source for the lab’s response. 
JPL could argue that it contributed technological capabilities different from 
those of the national labs, especially in non-nuclear fi elds. Energy offered 
plentiful opportunities for the transfer of space techniques: lab engineers 
listed chemical catalysis and combustion, electrochemistry, heat transfer and 
thermodynamics, and systems analysis as among several skills they could 
apply to energy conversion technology.7 In particular, solar energy research 
promised to capitalize on the lab’s long experience with spacecraft solar 
power arrays, which had provided an important early demonstration of the 
use of photocells for electrical power.8
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JPL, however, was not content with technological tasks. Murray at the 
outset stressed that the lab sought major projects in the energy fi eld and that 
smaller jobs were just a means to that end. A special meeting of senior staff 
on energy in April 1977 revealed a strong desire to push beyond a “device-
oriented approach” to the systems level—from “energy with a small e” to 
“energy with a large E.”9 The lab’s skills, in other words, were as much 
managerial as technical, and the energy program should tap the well of sys-
tems management. This managerial perspective served as a third source for 
the lab’s response.

A fourth source lay in the push for better Caltech-JPL relations. Cam-
pus strengths in chemical and nuclear engineering, geology, environmental 
science, plasma physics, and economics and public policy seemed readily 
applicable to energy research and promised to attract sponsors; according to 
Murray, ERDA director Robert Seamans had stated “quite clearly that JPL 
and the Campus together constitute a much more interesting resource for the 
country than either by itself.”10 Lab staff proposed that Caltech’s budding 
program in social sciences could take the lead on short-term problems of 
economics, pricing, and distribution logistics; JPL engineers could meanwhile 
pursue long-term problems of alternative energy sources, with support from 
technical faculty on campus.11 One such collaboration, for example, emerged 
on nuclear waste disposal, with JPL staff providing systems management 
and nuclear engineering and campus faculty studying environmental science 
and geology.12

There was yet another possible motivation for energy work at JPL: its 
political implications. Solar energy was not only a clean, renewable energy 
source; it also had the advantage of decentralization, with dispersed collec-
tors instead of central generating stations and hence less need for long-line 
energy transmission and associated losses.13 By thus breaking up electricity 
generating and distribution systems, solar power had social and political as 
well as technical benefi ts. As the authors of an article in Science in 1977 put 
it: “Solar energy is democratic. It falls on everyone and can be put to use 
by individuals and small groups of people.”14 As a potentially small-scale, 
decentralized system, solar power resonated in particular with the philoso-
phy of economist E. F. Schumacher, whose best-selling book of 1973, titled 
Small Is Beautiful, popularized a combination of small-scale socioeconomic 
operation, environmentalism, and Buddhist philosophy. Schumacher argued 
against the need for centralized, capital-intensive systems and instead advo-
cated what he called “intermediate technology,” also known as “appropriate” 
or “alternative” technology, intended to refl ect the resources and capabilities 
of local communities.15

Murray similarly called for small-scale technologies to enable economic 
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and political decentralization, and he and his staff kept up with the trend, 
including discussions with Amory Lovins, a proponent of “soft energy paths” 
and supporter of Schumacher, and with Schumacher himself.16 The reso-
nance with Schumacher appeared not only in the push for solar power, in 
which JPL staff explicitly recognized the needs of small communities, but 
also in an approach to coal and geothermal sources that addressed regional 
problems and sponsors.17 Some of the lab’s more politically conservative 
engineers, however, resisted Murray’s embrace of the appropriate-technology 
movement.18

These several factors combined to produce a rapid increase in energy 
work at JPL, which by early 1978 had an $80-million budget supporting 350 
staff—about the size of a planetary project. Murray proclaimed that the lab 
was “well along toward the goal of a dual mission, in energy and space.” The 
buildup contributed to the glut of work at JPL in the late 1970s, overfl owing 
available facilities and forcing energy program staff into a leased site several 
miles away in Pasadena. As non-NASA work reached 18 percent of the lab 
program, most of it for the Department of Energy (DOE), Murray and the 
lab’s executive council in December 1977 met to consider segregating it in 
either a new laboratory or a separate contract.19 In 1975 Murray had proposed 
that Caltech provide start-up capital for a Pasadena Applications Labora-
tory, a new entity to exploit commercial opportunities from Caltech and JPL 
activities, in particular from the civil systems program. The venture, likely a 
for-profi t corporation owned and run by Caltech, would recruit people and 
inventions from the campus and lab and provide a new source of income for 
the institute, as well as fi nancial assets to give JPL some reserves. But Caltech 
failed to act on the proposal.20

The idea of a separate contract with another agency received more dis-
cussion. JPL since its inception had operated under a single prime contract, 
but the growth and diversity of civil systems projects spurred consideration 
of multiple contracts. The need to transfer funds through NASA was dis-
couraging large projects for other agencies, and a separate contract would 
satisfy sponsors of the lab’s commitment. A lab study group in 1976 found 
no great obstacle to multiple sponsors, if NASA and Caltech acquiesced, 
and a subsequent report viewed a separate contract as “probably inevitable” 
owing to the growth of energy work. But it also pointed out signifi cant 
drawbacks, especially inconsistencies between the contracts and allocation 
of indirect costs and overhead, not to mention the fee, and a DOE contract 
would likely be less favorable than the current one with NASA.21 As much as 
JPL and Caltech sparred with NASA, they did enjoy a historical relationship 
with the agency and its people. The lab’s executive council decided against a 
separate contract or laboratory, and the issue was instead handled through 
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the new memorandum of understanding with NASA of 1978, which included 
the special provision for energy work.22

Most of JPL’s energy program concerned solar power, a subject receiving 
much attention at the time amid environmental concerns about fossil-fuel 
pollution and nuclear waste disposal. A congressional act on solar energy 
in 1974 tripled solar funding from 1975 to 1976, and in 1975 JPL started 
the Low-Cost Silicon Solar Array (LSSA) project, to develop photovoltaic 
cells with higher effi ciency, longer lifetimes, and larger volumes.23 In 1978 
Congress created a ten-year, $1.5-billion national program for photovolta-
ics, and JPL won assignment as the Department of Energy’s lead center for 
photovoltaic technology.24 By 1980 the photovoltaic program provided over 
150 work-years, supplemented by another 100 work-years on solar thermal 
power systems.25 As of March 1980 the low-cost solar array was the largest 
lab program, in terms of outstanding cost commitments, ahead of Galileo 
and other space fl ight projects.26

Despite this buildup and the underlying justifi cations, energy work did 
not capture the allegiance of JPL. In a survey in 1980 lab scientists and en-
gineers rated energy lower than space exploration in terms of individual 
and institutional importance.27 Schurmeier, dissatisfi ed with the program, 
sought renewal in a sabbatical in 1981.28 Aside from the low-cost solar ar-
ray project, much of the work involved smaller projects in coal utilization, 
electric/hybrid vehicles, geothermal and biomass energy, and nuclear waste 
management, especially disposal in space.29 One Caltech professor perceived 
“a conglomeration of minor activities . . . rather than a well-planned and 
coherent set of subtasks.”30 The scattershot programs refl ected the general 
diffusion of interests in the national energy program, all of them lumped 
under the ill-defi ned Department of Energy.31

Energy work also drew on a limited portion of JPL’s technical skills, 
primarily in chemical engineering, materials, and applied mechanics. It did 
not tap into expertise in electronics, communications, and information sys-
tems or into the high-reliability approach that characterized JPL’s systems 
engineering, and it did not make much use of the special facilities at the lab, 
especially the elaborate spacecraft test chambers. And although it did not have 
the threat of embarrassing and expensive failures, neither did it provide the 
public appeal of launches and encounters. Finally, energy spurred disciplin-
ary diversifi cation into what one lab report called “the ‘soft disciplines’ of 
economics, policy analysis, social analysis, and law.”32

The justifi cation for energy work based on technological spin-offs proved 
as tenuous as institutional considerations. By the end of 1977 Murray recog-
nized that “the thought that DOE work is a NASA spin-off is an outgrown 
thought.”33 Lab managers worried that the solar array project mostly in-
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volved evaluation and use of technology developed elsewhere—that is, the 
work was more management than engineering.34 Caltech faculty and trustees 
similarly expressed concern over a lack of technical innovation and traced 
it to an emphasis, instilled by the Department of Energy, on short-term 
demonstrations instead of long-term research.35

The expected synergies with campus likewise failed to materialize. Faculty 
viewed the lab’s energy work as inappropriate and undemanding, and the 
orange report of 1976 expressed the concern that diversifi ed programs would 
not meet Caltech’s standards. An anonymous faculty member observed that 
“out of desperation the Laboratory people will undertake any kind of work 
for survival and then do an embarrassing second-rate job. . . . Typically they 
will transfer a good space engineer onto a non-space job he knows nothing 
about.”36 For its part, Caltech’s traditional base rested in technical fi elds, 
despite its increasing strength in the social sciences. Lab staff recognized that 
energy work involved “social, economic, and political considerations” and 
was “primarily program management rather than R&D,” and hence it might 
not be “the right sort of thing for Caltech to be doing.”37 Energy programs 
also departed from campus strengths in dealing with products for the com-
mercial market. As Murray noted, “energy work differs profoundly from 
space or DoD work because the government is not its own customer.” JPL 
engineers and managers struggled to shift from space projects, which sought 
reliability at any price, to the cost-conscious mode of electrical utilities, which 
continually pressed for economic as well as technological feasibility.38

Energy work did, however, keep lab staff on tap through the uncertainties 
of the planetary program in this period, occupying as many as 400 full-time 
staff. In early 1980 JPL assumed that its energy R&D would continue to 
thrive for another decade, perhaps growing to 1,000 work-years.39 But the 
oil crisis was already ebbing and the Reagan administration soon imposed 
precipitous cuts on the energy program, slashing in particular the solar-
 energy budget from $578 million in 1981 to $70 million in 1983. The budget 
cuts would effectively end JPL’s major engagement with energy research, 
although not its legacies.40

Earth and Ocean Science

The lab had alternatives besides energy to fi ll the bathtub in planetary explo-
ration. JPL staff listed earth and ocean science among the “utilitarian” activi-
ties pursued at the lab.41 From 1975 to 1980 earth and ocean science enjoyed 
a larger proportion of NASA’s space science budget than both planetary 
exploration and astronomy, thanks to consistent support from Congress; the 
subject resonated with the search for social benefi ts from the space program, 
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since it embraced weather and climate, the environment, and resources such 
as food, forests, and minerals. JPL staff noted the emphasis on earth observa-
tions in NASA’s “Outlook for Space” report of 1976 and, after considering 
whether to “get out of the space program as rapidly as possible” in favor of 
an earth-oriented program, resolved to develop earth observations in parallel 
to planetary exploration.42

The lab had a small but thriving earth and ocean program in place, which 
had tripled in size from 1973 to 1975 to a $10-million program. This work 
had focused at fi rst on earth dynamics, drawing on the lab’s experience in 
planetary geology, but in the mid-1970s the land-oriented work leveled off 
alongside a new and rapidly growing program in ocean dynamics.43 Several 
factors spurred JPL into oceanography, a fi eld seemingly distant from its 
expertise. At the time, even as humankind was venturing into space, much 
of the earth’s oceans remained unexplored. In an expanded analog to the 
International Geophysical Year of 1957–58 that had helped to launch the 
space race, the 1970s were designated the International Decade of Ocean 
Exploration.44 The oceans attracted popular interest as well: in the 1970s, 
just as Carl Sagan was popularizing planetary science, Jacques Cousteau 
was performing a similar role for ocean science. In May 1976 Cousteau vis-
ited JPL, where discussions likely included a proposed satellite program for 
biological data on oceans.45

Programmatic considerations also recommended oceanography. Meteo-
rology, geology, and geography were already well covered by existing satel-
lites, but oceanography had yet to capitalize on satellite remote sensing, and 
Goddard Space Flight Center, which otherwise dominated NASA’s earth-
orbiting satellite program, had a weaker claim for any projects. JPL beat 
out Goddard in competition for an ocean-sensing satellite, dubbed Seasat, 
proposed in the early 1970s. JPL’s proposal appealed to the lab’s experience 
in remote sensing and also to recent results from airplane-borne fl ights of a 
synthetic aperture radar by a JPL team, which suggested the radar’s utility 
for ocean sensing.46

Seasat gave JPL an entry, or reentry, into earth-orbiting projects, and 
it subsequently anchored the lab’s ocean science program. JPL thus won 
designation by NASA in 1976 as lead center for earth and ocean dynamics 
and as an alternate to Goddard for earth-orbiting science satellites, and it 
thence considered earth and especially ocean science as a third main focus 
for its R&D program, alongside planetary exploration and energy.47 As a 
NASA program, earth science did not entail as great a change as did the en-
ergy program, but it still complicated JPL’s external relations. Goddard and 
JPL squabbled over turf, and JPL adjusted to a new sponsor within NASA, 
the Offi ce of Applications.48 The boundary between science and application 
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was not so neat as the organizational distinction. Seasat, for instance, was 
intended not as a research tool but instead as a technology demonstration 
en route to an operational system, which would provide oceanographic data 
for military and commercial as well as scientifi c users. These operational cus-
tomers backed the inclusion of the synthetic aperture radar, for sea- surface 
texture, against oceanographers arguing for a microwave radiometer to pro-
vide surface temperatures. After scientists complained of being shut out of 
Seasat, NASA elected to appease each group and accept the cost of both 
instruments.49

Seasat data thus entailed interactions outside of NASA. Early support 
for the radar instrument came from the National Oceanic and Atmospheric 
Administration (NOAA), an agency created in 1970 under the Department 
of Commerce in response to the increasing interest in oceans as well as in 
weather; the new agency combined the Bureau of Commercial Fisheries, 
U.S. Weather Bureau, and Coast and Geodetic Survey.50 Seasat refl ected the 
different interest groups: it intended to provide wind and wave data for 
ship design and routing, storm warnings, and coastal and harbor protec-
tion; current and temperature patterns for shipping and fi shing; and ice-fi eld 
charts for shipping and weather forecasts.51 Military and intelligence agencies 
meanwhile maintained their own interests in the project, though for less-
advertised reasons.

Murray in April 1977 noted two differences on Seasat from planetary 
projects: fi rst, the array of interests—“one does not have the narrowness, in 
a sense, of a scientifi c constituency consisting of a few tens of people selected 
by NASA”—and, second, “one does not have the discipline of a planetary 
launch window.”52 These factors promoted the proliferation of instruments 
and encouraged last-minute changes that vexed engineers and pushed up 
costs, forcing NASA to consider jettisoning the synthetic aperture radar, a 
prime motivation for the project.53 The failure of the satellite three months 
into the mission did not improve NASA’s disposition. The agency issued a 
scathing performance evaluation; the NASA program manager perceived 
that “outside JPL, there was little confi dence in many areas that anything of 
value would come out of Seasat.”54

Murray took a rosier view. Seasat was not a “mission failure,” as NASA 
characterized it: the sensors worked, especially the synthetic aperture radar, 
and they were the crux of the mission. Seasat had succeeded in demonstrat-
ing that satellite-borne sensors could return important information on sea 
surface conditions from hundreds of miles away.55 The voluminous data that 
gradually emerged from JPL’s data processors vindicated Murray, and fi rst 
NOAA and then, a year after launch, NASA stamped the project a success.56 
In June 1979 Seasat graced the cover of a special issue of Science, just a few 
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weeks after the one for Voyager at Jupiter, and more specialized journals also 
dedicated their own issues to the subject.57

The technical success of Seasat failed to ensure continuity in JPL’s oceans 
program. A planned follow-on to Seasat, called Seasat-B, foundered on the di-
vide between development and operations. Since Seasat was intended to prove 
feasibility, how could more R&D on the operational mode be justifi ed?58 
NASA instead backed the so-called National Oceanic Satellite System, or 
NOSS, a proposed collaboration with NOAA and the Defense Department 
to launch an operational system of two satellites on the space shuttle by 
1984.59 But the desire of the military to classify parts of the NOSS data clashed 
with the needs of scientifi c and commercial users—according to a NASA 
aide, NOSS was “the bastard baby of the closed and open worlds”—and the 
Defense Department pulled out of the agreement in 1981.60 JPL thus failed to 
maintain momentum in its earth and ocean science program, which peaked 
with Seasat at 13 percent of the total lab program in 1977 and declined to 8 
percent by 1981.61 The Seasat and NOSS experience led Murray to scale back 
the expectations for oceanography, although JPL did begin plans in 1980 for 
another oceanographic satellite, called Topex.62 The lab did maintain a fruitful 
program in geodynamics, and the synthetic aperture radar would continue 
to produce important contributions to archeology and anthropology as well 
as geology and oceanography.63

In addition to its conceptual infl uence, the JPL program reinforced a 
methodological shift away from traditional fi eld approaches and toward 
quantitative physical approaches. Instead of geologists tramping through the 
landscape looking at rocks and oceanographers setting off in ships for weeks 
at sea, the practitioners of a new interdisciplinary fi eld of earth science studied 
data disgorged from remote sensors, computers, and other instruments.64 
Physical techniques required different expertise than fi eldwork. At JPL, for 
example, people like Walt Brown and Charles Elachi, with backgrounds in 
electrical engineering and electromagnetic theory, pushed the application of 
synthetic aperture radar to earth science, devising techniques to translate 
backscatter data into information on ocean wave heights. Their efforts at 
times met resistance. When Brown’s team fi rst detected ocean waves from 
their airborne radar in 1971, oceanographer Walter Monk at Scripps dismissed 
their claims as an artifact; other oceanographers argued that shorter capil-
lary waves would scatter so much radar energy as to blur images of larger 
swells.65 One JPL oceanographer perceived in 1977 that “the oceanographic 
community, although intrigued, is still skeptical about quantitative results and 
adequate precision of measurements from remote sensors.”66 The Seasat radar, 
however, produced images of long-wavelength swells, and the correlation 
of other Seasat data with surface measurements helped to overcome skepti-
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cism. NASA managers observed that in the late 1970s and early 1980s earth 
scientists became “convinced that studying the earth from space was part of 
science.”67 In 1988 Time magazine declared that “remote-sensing devices are 
revolutionizing the study of the seas.”68

Astronomy

Astronomy provided a third target for diversifi cation, owing to NASA’s 
increasing support of it. JPL staff had recognized NASA’s interest and pon-
dered how to tap into it.69 The fi rst opportunity appeared in the Infrared 
Astronomy Satellite (IRAS), which NASA awarded to JPL in April 1976, 
apparently to draw on JPL’s experience in systems engineering and perhaps 
also the proximity to Caltech astronomer Gerry Neugebauer, a longtime 
proponent of the project. JPL handled overall project management on IRAS, 
while Ball Brothers built the telescope itself under guidance from Ames; the 
Netherlands provided the satellite bus.70 Then, in March 1977 NASA an-
nounced a competition to provide a key component for the Space Telescope, 
for what would be known as the Wide Field/Planetary Camera (WF/PC). A 
team led by Caltech astronomer James A. Westphal responded with a pro-
posal based on charge-coupled devices (CCDs), which converted light falling 
on individual solid-state pixels into electrical signals. A prime advantage of 
CCDs over familiar television-tube devices was their response to red light, 
but with corresponding poor response in the ultraviolet. Westphal had the 
idea to coat the device with a fl uorescent substance that would absorb ultra-
violet and re-emit blue light, which the CCD could better detect.71

JPL engineers had recognized the potential of CCDs for planetary imag-
ing soon after their invention in 1970, because of their small size and power 
requirements, and the lab quickly became the center for CCD expertise 
within NASA. Westphal’s proposal drew on this capability, especially the 
effort to build CCDs for Galileo’s camera. But Galileo’s CCDs were imaging 
relatively bright planets and moons; for faint distant stars, by contrast, every 
photon was precious. The WF/PC also had its CCDs illuminated from the 
backside owing to its layout. To improve the response of the devices JPL 
engineers led by James Janasek had developed much thinner silicon layers, 
about 8 microns, which ensured that photoelectrons would reach the elec-
tronic gates, or collection points, and thus increased their low-noise response 
to about 30 times that of existing astronomical detectors. The JPL group had 
considered their own proposal for the Wide Field/Planetary Camera and 
then joined forces with Westphal and landed the part of prime contractor. 
The role would require a longer run than expected.72

Both IRAS and the WF/PC provided the sort of campus-lab  interactions 
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sought by the orange report, especially since astronomy had been a strength 
of Caltech since George Ellery Hale fi rst founded the institute.73 Although 
most of JPL’s efforts aimed at space-based astronomy, it had a substantial 
asset that got it into ground-based observations: the Deep Space Network, or 
DSN. The network served the primary mission of deep-space exploration but 
was isolated from the rest of the lab, institutionally as well as geographically. 
DSN funding came in a separate account, which provided about one-fi fth 
of the total JPL budget each year. Because the network had to continuously 
track spacecraft, the budget was much more constant than for spacecraft mis-
sions, which had to obtain approval for each new start. NASA managers ap-
preciated the shelter this arrangement provided from congressional scrutiny, 
and they allowed DSN engineers to develop new technology for the network 
over time. The DSN thus fostered a different culture, a longer-range view 
instead of a succession of short-term projects, and produced what Murray 
would term an “Auslander kind of mentality” among the rest of the lab.74

By the mid-1970s the DSN consisted of three 64-meter antennas at Gold-
stone and in Australia and Spain, all now operating at higher X-band radio 
frequencies, along with the older 26-meter dishes.75 These antennas not only 
tracked spacecraft and received data transmissions, but they also could serve 
as state-of-the-art scientifi c instruments themselves: for radio science, using 
the signals sent by spacecraft to reveal information about planetary atmo-
spheres and the interplanetary environment; radar astronomy, using active 
transmission and reception of signals for planetary astronomy; and radio 
astronomy, with passive detection of radio signals emitted by distant stars 
and galaxies. In the late 1970s, however, the DSN faced a heavy workload 
tracking Viking, Pioneer, and Voyager spacecraft, and frustrated astronomers 
began complaining about lack of access to the antennas.76

Even as astronomers clamored for scarce observing time, Murray and 
DSN scientists were backing a new mission in the Search for Extraterrestrial 
Intelligence, or SETI. The possibility of detecting signals from extraterrestrial 
civilizations emerged in the late 1950s as astronomers began probing nonvis-
ible portions of the spectrum, and received boosts in the 1960s from calcu-
lations of the theoretical existence of such civilizations. In the 1970s SETI 
proponents, including several JPL staff, turned their attention to observation 
instead of theory, and a series of workshops in 1975 and 1976 outlined observ-
ing programs. They aimed high, comparing SETI to the Apollo program and 
seeking to build up to a $1-billion-per-year program in the 1990s.77

NASA managers found the plans “not at all realistic” and agreed instead 
to a more modest program proposed jointly in 1976 by JPL and Ames.78 
Murray, whose friend Carl Sagan was one of the main SETI prophets, had 
attended a planning workshop, and SETI meshed with his search for projects 
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to engage the public: “Communicating with other intelligent beings is one 
of the most exciting ventures I can envision.” He thus created a SETI offi ce 
at JPL, with plans to outfi t the DSN antennas with new wideband receiv-
ers and a multichannel spectrum analyzer to sort the signals by frequency.79 
While JPL cast a broad net, searching most of the sky over the frequency 
range from 1.4 to 25 GHz, Ames would pursue a targeted survey, using 
other radio observatories to focus on nearby stars at frequencies around the 
“water hole” at 1420–1720 MHz, which was deemed a likely frequency for 
communication.80

Although Ames and JPL had to prod lower-level NASA managers for 
backing, SETI enjoyed support at the highest levels of NASA, and beyond. 
As a lay minister in the Church of Jesus Christ of Latter Day Saints, NASA 
administrator James Fletcher adhered to the Mormon doctrine that God 
created a plurality of worlds, populated with intelligent beings. In a speech 
to the National Academy of Engineering in 1975, Fletcher backed the idea 
of a search for extraterrestrial signals, based on the belief that the universe, 
even our own galaxy, “must be full of voices, calling from star to star in a 
myriad of tongues.”81 Congressmen were skeptical. After NASA submitted a 
SETI plan to Congress in February 1978, Senator William Proxmire awarded 
it his monthly Golden Fleece, intended to highlight wasteful government 
programs.82 Congressional appropriations committees thence cut most of 
the SETI budget, and in 1982 a Proxmire amendment killed off the surviving 
remnants of the program, though not for good.83

Space Science at JPL

Earth science and astronomy experiments, such as synthetic aperture radar 
and the Wide Field/Planetary Camera, indicated a growing role at JPL in 
space science research. Although JPL built the spacecraft that carried science 
instruments into deep space, the instruments themselves usually came from 
researchers in other institutions, who then also analyzed the data that came 
back. Only one of the lab’s several proposals for experiments on Voyager, 
the photopolarimeter, was selected by NASA. Although a number of JPL 
scientists would join the other Voyager experiment teams, they were far 
outnumbered by Goddard scientists.84

JPL now sought to build its science capability. NASA’s “roles and mis-
sions” review of 1976 had given JPL an increased role in space science, and 
the same year the orange report encouraged an in-house science presence.85 
Outside experimenters could also support a science presence at the lab, to 
balance the predominant force of engineers and represent their interests on 
fl ight projects. Spacecraft engineers tended to view their main goal as just 
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getting the spacecraft to its destination in working order; adding science 
experiments, with their demands on subsystems and trajectories, only added 
to the risk of failure. Scientists by contrast viewed spacecraft as the means to 
the end of returning data from new places.86

The tension between engineers and scientists went back to the earliest 
days of NASA, when scientists complained that JPL engineers viewed scien-
tifi c instruments only as threats to project schedules and spacecraft survival.87 
Norman Ness at Goddard, head of the magnetometer on Voyager, referred 
to “that old problem that the engineering expertise of JPL is often so potent 
a force or tradition that it tends to dominate many aspects of a mission.” On 
Voyager, for example, science representatives in the project offi ce served at 
lower levels than the engineers; and Stone, despite his strengths, was handi-
capped by coming from campus and in only a part-time capacity. Hence 
Ness and another Voyager scientist, Herbert Bridge of MIT, lamented in 
1977, before launch, that Voyager was becoming more an engineering mis-
sion than a scientifi c one.88

The main impetus for in-house science at JPL came from programmatic 
considerations. The growing programs in earth-orbiting spacecraft for as-
tronomy and earth sciences and the prospect of shuttle-borne instruments 
spurred JPL’s push to develop fl ight experiment capability.89 But this effort 
fi rst had to overcome obstacles within the lab. One was the JPL culture of 
reliability, which did not seem to encourage scientifi c creativity; Philip Abel-
son, editor of Science, pointed out to Murray that “people are unlikely to do 
imaginative science in a building where the value system favors highly de-
pendable engineering.”90 JPL researchers complained that they were “shoved 
aside” by the lab’s engineers in the development of fl ight experiments, that 
reliability and accounting practices handicapped them, and that the lab in 
general evinced no great commitment to their work.91 As a result, noted 
one Caltech professor, “morale among these people is very low. They are 
all considering leaving, and . . . the group of good scientists that remains 
is now close to the edge of viability—a few more losses, and the fl ow will 
become a fl ood.”92

Murray’s own apparent ambivalence did little to stem the tide. When God-
dard in 1976 proposed to increase its role in data analysis from fl ight projects, 
Murray disdained such a role for JPL: the fl ight projects themselves remained 
the top priority, and in-house research would confl ict with their scientifi c us-
ers. Furthermore, “because of our relationship with the Caltech Campus there 
is little incentive to develop separate research organizations here.”93 Murray 
thus reversed the logic of the orange report, which had urged a research role 
to encourage collaboration with campus, and he would continue to view 
research as a service function, supporting the basic end of fl ight projects.94



Diversification • 91

JPL scientists also contended with academic colleagues. In 1976 NASA, 
at the urging of university scientists suspicious of the agency’s in-house re-
search, instituted a policy of peer review for all space science programs.95 
Murray and other NASA scientists protested that academic scientists enjoyed 
the advantages of tenure and graduate students; NASA centers, in other 
words, needed support equivalent to that provided by the teaching function 
of university faculty. NASA stuck to its position, and JPL scientists thereafter 
had to submit proposals at least every few years for peer review.96 The process 
did not promote job security. The orange report had urged that JPL scientists 
should have half of their time for research, and Murray had approved such 
a policy. But scientists now had to fi nd money for that half of their time, 
by winning grants through open competition; if a proposal did not pass 
muster, that scientist was out of a job.97 The result was a constant pressure 
to win grants, cutting into the time spent on research, which then degraded 
a scientist’s reputation over time and hurt grant prospects. And since many 
scientists spent the other half of their time managing—that is, coordinating 
and monitoring the work of others and planning future projects—it further 
blurred the distinction between scientist, engineer, and manager.98

Implications of Diversifi cation

In 1975 JPL gave 83 percent of its effort, measured in work-years, to space 
exploration; by 1979 that proportion was below two-thirds, with the other 
third given to “utilitarian” programs, mostly energy (up from 5 to 16 per-
cent) and earth-orbital projects (from 7 to 13 percent).99 The lab program 
now embraced earth science and astronomy as well as planetary exploration 
in the space program; outside of space, JPL was pursuing diverse aspects of 
energy research as well as smaller programs in biomedicine, transportation, 
and other fi elds. By the early 1980s total lab staff numbered more than 4,600, 
even as fl ight projects staffi ng dropped from its peak of about 1,400 in the 
mid-1960s to below 800 by the early 1980s; the difference lay in the 850 
work-years given to non-NASA programs by 1980. JPL was the exception 
among NASA labs; all of the others suffered decreases in this period, when 
NASA overall shrank by about 15 percent.100

Diversifi cation, however, had its costs. Some JPL staff worried that the lab 
was “becoming too fragmented. . . . A jack of all trades and master of none.” 
Murray admitted that “these utilitarian programs do not have a single unify-
ing glue; they’re different kinds of things. And if we move to all of those or 
to some mix of them . . . the Lab simply couldn’t work as well. It would not 
be bound by the hidden threads that bind us together—the shared purpose of 
space exploration.”101 The dedication and sacrifi ce by individuals that enabled 
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JPL’s performance rested in part on a commitment to the deep-space mission, 
which new fi elds did not necessarily command. Diversifi cation threatened to 
turn JPL into a job shop, as Caltech professor John Pierce repeatedly warned 
Murray; the lab might have diverse sponsors but no clear purpose.102

Diversifi cation also affected the composition of JPL staff: whereas new 
fi elds, such as energy, could keep engineers and technologists on tap, they 
did not sustain so well the other general category of lab staff, those in mis-
sion design and systems analysis who came to JPL because of their interest in 
space exploration.103 The systems engineering regime and matrix organization 
had evolved to meet the needs of one or a few large fl ight projects, but the 
lab now faced a large number of smaller tasks that lacked the risk and reli-
ability factors of space fl ight.104 JPL also struggled to fi nd enough experienced 
managers for proliferating tasks, not for the last time.105

Murray and his senior managers decided the benefi ts of diversifi cation 
outweighed the costs. The subsequent crisis in planetary exploration of 1981 
coincided with the deep cuts in the energy program and also with declining 
prospects in earth science. These factors combined by early 1982 to convince 
Murray and the lab’s executive council that the second major period in the 
lab’s history was ending: after the initial phase as an army rocket lab and 
then as the lead NASA lab for planetary exploration, JPL was beginning 
an “inevitable and rapid transition to JPL 3.”106 The evident success of the 
earlier move from rockets to robotic spacecraft could only have encouraged 
consideration of another such shift. The lab meanwhile had already begun 
to look for another major mission to sustain it, and it again found opportu-
nities in the historical context—but ones that raised a new set of issues for 
Caltech and the lab.
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IN THE EARLY 1980S CONTEMPORARY COMMENTATORS PERCEIVED A “MILITARI-
zation of space,” a trend that began in the 1970s but reached its zenith during 
the Reagan administration.1 Or, rather, remilitarization: a military presence 
in space was nothing new, and national security had been a primary driver 
of the American space program from the outset, from intercontinental mis-
siles to satellite reconnaissance. But this period did witness a pronounced 
reorientation of the U.S. space program, evident in the relative funding from 
NASA and the military. In 1959 NASA supported one-third of the U.S. 
space program, with the Department of Defense (DOD) supporting almost 
all of the remainder. By the mid-1960s the proportion had reversed, thanks 
to Apollo. In the mid-1970s defense spending on space began to rise steadily, 
overtaking NASA in 1982, and by 1984 the ratio had reverted almost to that 
of 1959.2 The trend refl ected increasing recognition of the military importance 
of space, especially for reconnaissance satellites; it indicated as well a general 
cooling of cold war relations after the thaw of détente, and the American 
response to Soviet attainment of strategic parity and perceptions of Soviet 
technical achievements in space.

JPL could hardly avoid intersecting national security programs. The lab 
specialized in such things as survivable spacecraft, remote sensing, data te-
lemetry, and image processing—all areas of keen interest to the military and 
intelligence communities. At the same time, the declining prospects in the 
planetary program motivated the lab to seek new programs that could sus-
tain idled staff. JPL thus joined in the remilitarization of space. Not all of its 
defense work was in space, as it also pursued large projects for the army. As 
with the general mobilization, JPL’s role in defense would start to increase 
in the late 1970s and peak in the 1980s. But its resumption of defense work 
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came in a very different climate from its work under the army in the 1950s, 
and it would have to overcome antimilitary sentiment, particularly among 
campus faculty, spawned by the Vietnam War and the cold war arms race.

Dancing with the DOD

JPL originated as a military lab, and even after it shifted to NASA it never 
abandoned its original sponsor. In the early to mid-1970s JPL maintained 
a number of small defense projects, parallel to but not part of civil systems 
(although the civil systems work had at one time included a program called 
Space Technology Applications, whose benign name belied its purpose in 
designing weapons—such as nail-laced shells and target-marking rockets—
for the Vietnam War).3 But most of the work was unclassifi ed, and defense 
programs constituted less than 1 percent of the total lab effort as of 1975.

The memorandum of understanding (MOU) of 1968 and the develop-
ment of the civil systems program opened the possibility of expanding the 
defense work. In 1975, as lab managers began to look for “bathtub fi llers” 
after Voyager, defense programs caught their eye. William Pickering sat on 
an advisory committee for the army, where he learned that the army was 
seeking technical help in several areas. He responded with interest, and H. H. 
Haglund and Phil Eckman, after a visit to the Pentagon, identifi ed several 
areas where JPL could help. They perceived that the military would want a 
continuing commitment “rather than a short-time use of personnel to fi ll in 
a manpower defi cit at the Laboratory,” which would require a policy deci-
sion.4 NASA presented no objections, and Caltech president Harold Brown 
welcomed “the idea of experimenting with a limited DOD activity.” Brown, 
a former nuclear weapons designer with long experience managing defense 
programs, displayed the combination of institutional and patriotic motives 
behind defense work: it not only would provide sustenance for the lab, but 
would contribute to national needs.5

Some military programs, however, entailed secrecy and possible campus 
opposition. Lab staff recognized classifi cation as “a particularly sensitive 
issue with some of the faculty,” since it might restrict access to parts of JPL 
or prevent publication of lab research and hence restrict peer review.6 Eck-
man and Haglund, after discussions on campus, feared that with the pres-
ence of defense work, “some faculty might feel that JPL should be severed 
from Caltech.” Brown thought the problems “not insurmountable,” but he 
certainly did not want to risk Caltech’s relationship with the lab.7

The case of the Vista Laboratory, a highly classifi ed surveillance program, 
highlighted qualms about the propriety of military programs. JPL’s connec-
tions with Vista dated back to the 1950s.8 The Vista Lab was located off the 
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main JPL site, in Pasadena, and was sponsored by the National Security 
Agency and Central Intelligence Agency. Vista staff deciphered telemetry 
intercepted from Soviet launches in order to chart Soviet space capabilities 
and anticipate their plans; JPL staff in effect served as intelligence analysts for 
the spy agencies. JPL participation involved perhaps twenty people, includ-
ing such key fi gures as Robert Parks, Jack James, Eb Rechtin, and Pickering 
himself, with younger staff rotating through Vista as consultants and, at times, 
as managers on leaves of absence.9

In the early 1970s Harold Brown grew squeamish about the association 
with Vista, which he perceived would not sit well with faculty on campus 
if word got out. At the time, recent revelations of the CIA’s involvement 
in Watergate, domestic spying, and assassinations of foreign leaders had 
aroused public protests and congressional investigations, and defense labs 
on other college campuses had provoked protests, including a fatal bomb-
ing at the University of Wisconsin. JPL arranged to sever its institutional 
ties to Vista, and the sponsors chose Electro-Optical Systems, a Pasadena 
subsidiary of Xerox, to take over the Vista Lab. As Xerox assumed control, 
Murray stressed that he was reviewing JPL’s role “with the intent of making 
sure that even the appearance of any institutional relationships with Vista 
and the intelligence community is eliminated.”10

Although Caltech and JPL severed institutional ties to Vista, unoffi cial 
connections continued. JPL staff working on Vista had the option of joining 
Xerox or staying with JPL. Those who stayed could still serve as consul-
tants, provided they did so as individuals and not as representatives of JPL. 
Xerox made wide use of consultants in its management of Vista, and JPL 
provided “the principal source” at the outset.11 In October 1976, after the 
lab had offi cially divested, Murray was “both clarifying and strengthening 
the relationships between individuals at JPL and the VISTA organization.”12 
Eckman served on Vista’s advisory committee under Xerox, and Vista staff 
used JPL computers and other facilities for brief, occasional projects.13 And 
the appearance of an offi cial JPL role persisted with a Vista task called Dub/
Galaxy, which seems to have involved a JPL contract. Although Murray 
“stated his strong personal support of the work,” he worried that it “may 
be construed as an institutional commitment which would present him with 
serious problems with the Campus.”14

The divestment from Vista indicates concern by JPL and Caltech ad-
ministrators about the propriety of classifi ed national security programs. 
The solution—offi cial divestment and continued unoffi cial participation by 
consultants—allowed JPL to avoid campus concerns while still contributing 
to intelligence problems. JPL staff also thus maintained access to the black 
world of space reconnaissance. Coincidentally, the Vista program brought 
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Murray and JPL into contact with the head of the National Security Agency, 
an air force general named Lew Allen.

Military Spin-offs

Despite the divestment of Vista, defense work made gradual inroads at JPL in 
the late 1970s. Two programs exemplify how JPL fl ight projects overlapped 
military interests: Seasat and autonomous spacecraft. They also indicate how 
political disinterest in civil space missions changed attitudes toward defense 
programs, resulting in a mutual embrace between the lab and the military.

The military took a strong interest in Seasat from the outset. As JPL staff 
contemplated possible payloads they considered their customers and the rela-
tive clout they had with Congress and the Offi ce of Management and Budget 
(OMB); the DOD ranked fi rst, NOAA second, and the scientifi c community 
last. The DOD’s primary interest in Seasat was in altimetry data for geodesy, 
necessary for the inertial guidance systems of ballistic missiles, but it also 
helped support an imaging radar and microwave radiometer. The inclusion 
of the radar raised the issue of classifi cation. The synthetic aperture radar 
(SAR) had a long history of surveillance use; Seasat was just its fi rst civilian 
fl ight. JPL staff by April 1974 had recognized “the problem of the position 
we should take if classifi ed systems are fl ying.”15 The next year NASA ter-
minated all contacts with foreigners regarding Seasat, an edict that cut several 
Canadians out of a collaboration on data processing; it also threatened to 
limit the data return since a Canadian ground station was needed to receive 
SAR data from the northwestern Atlantic.16 In 1976 the Defense Department 
insisted on classifying the altimetry data, which would entail either encryp-
tion or a secure radio link, and it also demanded a secure link for the synthetic 
aperture radar. Gene Giberson, the project manager at JPL, thought there 
was “no quantitative reason to classify” the data, that it was a knee-jerk reac-
tion by the military.17 Giberson, Pickering, and then Murray lobbied Harold 
Brown, recently installed as secretary of defense, to prevent classifi cation, 
while NASA’s advisors pondered “where the borderline between the clas-
sifi ed and the unclassifi ed lies.”18 The issue fi nally went to President Carter, 
who overruled the military and allowed access to the Seasat data.19

The launch of the satellite in 1978 did not put the issue to rest. On the 
contrary, the military would wish it had clamped down harder. Incoming 
data from Seasat alarmed military analysts, fi rst by detecting stealth aircraft, 
early prototypes of which were undergoing test fl ights off the coast. The 
change in polarization of radar pulses refl ected off the ocean left a telltale 
shadow in the data, revealing the planes. Recalled Walt Brown of the radar 
team, “Well, when we showed them the stuff back in Washington, that’s 
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when they kind of all turned red and [said], ‘What the hell is this?’ . . . So 
they went back and looked through and found, yeah, a stealth airplane. Not 
so stealthy with that mode.”20

Further analysis of SAR images also raised the possibility of submarine 
detection. The radar provided ocean-surface signatures, at high resolution, 
of subsurface phenomena including internal waves (see fi gure 6.1). The bow 
waves from submerged submarines could thus show up in radar images of 
the ocean surface.21 The prospect of detecting submarines raised fundamental 
strategic problems for the United States, which depended on ballistic mis-
sile submarines as a crucial, invulnerable line of nuclear deterrence. Seasat’s 
early demise fueled speculation about military connections. After NASA 
managers entertained the possibility of external causes of the failure, front-
page headlines fl oated theories about killer satellites and ground-based laser 
beams—speculation encouraged by recent Soviet tests of anti-satellite weap-
ons and reports of satellite-blinding incidents.22 Recognition of the SAR’s 
capabilities spurred conspiracy theories closer to home: once the American 
military learned about the possibility of submarine detection, one theory ran, 
it took the satellite out of operation rather than allow the release of unclassi-
fi ed results. Rumors of clandestine cover-ups persisted for years, despite the 
identifi cation of Seasat’s failure mode by the review board.23

Seasat managers at JPL had seen military interests as an intrusion and 
had fought them off, but as they pondered what to do with their team after 
Seasat they came to the opposite view. In early 1979 Murray wrote to the navy 
and air force proposing that JPL develop the SAR for military applications, 
under military sponsorship. The proposed program would be unclassifi ed, 
but JPL would push to transfer the technology when it reached the classifi ed 
development stage, and Murray allowed the possibility of classifi ed work at 
JPL in the future.24 The lack of classifi cation, however, scared off the navy, 
and a similar proposal to the Defense Advanced Research Projects Agency 
(DARPA) made managers there “nervous” because all their space-borne 
sensing programs were classifi ed.25

The lab’s primary mission in interplanetary fl ight projects also piqued 
military interest—not in the direct results, but in the technologies involved. A 
JPL staff paper of March 1981 listed some military spin-offs from deep-space 
missions. Voyager and Galileo had to survive the harsh radiation environment 
of Jupiter and operate for extended periods without ground support; the 
staff paper noted the air force’s concurrent interest in reliable, autonomous 
spacecraft working in high-radiation environments. The VOIR spacecraft 
would operate an SAR and associated high-capacity data system in orbit 
around a distant planet, with strong applications to earth-orbit surveillance. 
Then there was the Halley intercept mission:
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the craft must fi nd and track a fast moving, unpredictable target, Halley’s 
comet, using on-board, autonomous closed-loop systems because there is 
not time for intervention from the ground (the relative speed of spacecraft 
and comet at encounter is nearly 60 km/sec or 130,000 mph). It must 
quickly maneuver and accurately point a high-precision camera system at 
the target. It must do this while surviving high-velocity impacts of come-
tary debris, maintaining autonomous on-board functions and attitude 
stability for high-quality imaging. These technologies have application 
to defense satellites which may be required to fi nd and examine other 
satellites, and to protect themselves against hostile acts, such as a pellet 
weapon attack.26

Figure 6.1. Seasat view of internal waves in the Gulf of California, 17 September 
1978. These waves are associated with the twice monthly cycle of spring tides. 
Source: JPL Photolab.
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The staff paper cited these spin-offs not as an argument for further defense 
work, but as justifi cation for government support of deep-space missions. 
But as this support waned, JPL turned to the DOD to occupy the people and 
the technologies. The Air Force Space Division had embarked on a major 
upgrade in the survivability of surveillance and early-warning satellites, to 
reduce dependence on ground stations and the possibility of single-point 
failures as well as vulnerability to attack. According to Jack James, “Knowl-
edgeable individuals in the space and defense community generally agree that 
the Voyager spacecraft now on their way to Saturn are an order of magnitude 
closer to meeting future Air Force survivability requirements than are the 
typical defense spacecraft now deployed.”27 In spring 1980 the Space Divi-
sion’s commander approached Murray and Goldberger to enlist JPL for what 
was called the Autonomous Spacecraft Project, conceived as the initial design 
phase of a seven-year, $90-million effort. The project planned to ramp up 
to 100 work-years by the mid-1980s; it hence fell within the 10 percent limit 
outlined in the NASA-Caltech MOU.28 Murray noted that it would be the 
fi rst new classifi ed program at JPL since the 1960s: “Thus, we have crossed 
a threshold.” But the project was small and a tight fi t with the technologies 
of planetary missions, and so “the acceptance of this new classifi ed task does 
not represent a bold new initiative with the DoD generally.”29

The Autonomous Spacecraft Project, along with the proposals for syn-
thetic aperture radar, indicates the inroads made by defense programs. By 
early 1979 JPL had thirty-fi ve tasks under way for the Defense  Department, 
all unclassifi ed, totaling about $10 million in contracts—an order of mag-
nitude increase from 1975.30 Although a small fraction of the laboratory 
program, defense work had a broader impact. In 1978 Murray had iden-
tifi ed information systems and energy conversion technology as the two 
main technological thrusts for JPL. In June 1981 the executive council held a 
special retreat on JPL’s future and took autonomous systems as the primary 
technological focus. The following year Murray proclaimed that the lab had 
“the very strong unifying technological theme of autonomous systems,” a 
shift no doubt infl uenced by the lab’s new direction.31

Defense Research and Caltech

JPL’s small but growing role in defense would greatly increase in the early 
1980s, motivated by the moribund state of the planetary program and the 
redoubled military mobilization of the Reagan administration. Lab  managers 
realized that acquiring additional defense work required more open-ended 
commitments to military sponsors and, in particular, two major policy 
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changes: the acceptance of classifi ed work and abolition of the 10 percent 
limit on work for outside sponsors.

After the shift from the army to NASA, JPL had jettisoned classifi ed 
work: the proportion of classifi ed lab publications dropped from 62 percent 
in 1958 to less than 1 percent in 1970. The orange report of 1976 had stressed 
that it should stay that way: “The faculty would not tolerate the conduct of 
classifi ed research, civilian or military, on Campus, except in time of univer-
sally recognized national emergency. For this reason, no single issue could be 
more divisive and inimical to Campus-Laboratory relations than the perfor-
mance of classifi ed work at JPL.”32 The Seasat results and the Autonomous 
Spacecraft Project revived the issue in spring 1980.33 The prospect of secrecy 
did not alarm lab managers. One report predicted little effect on the current 
open atmosphere, even with the assumption that classifi ed work could in-
volve up to 800 lab staff. More than half of JPL staff already had secret-level 
clearances: they had been routinely cleared through the late 1960s and these 
clearances did not lapse. That percentage was higher for technical staff, and 
it approached 90 percent for managers and supervisors; only clerical staff 
largely lacked clearances. The lab also already had restricted-access facilities, 
in order to protect fragile spacecraft, reduce safety hazards, and house old 
classifi ed documents.34

Another aspect of classifi cation, however, remained in the background. 
JPL’s previous lack of classifi ed work had made it attractive to a particular 
subset of aerospace engineers. Up until 1975 an admission of homosexuality 
was grounds for denial of clearance, and even afterwards the clearance process 
required a statement of sexual orientation. Checking the wrong box would 
set off a more thorough investigation, including questioning of colleagues 
and neighbors, so that acquiring a clearance in effect entailed coming out 
of the closet. Because of its relative lack of classifi ed work compared to the 
aerospace industry, JPL had attracted a signifi cant number of gay engineers, 
and these engineers had much to fear from an increase in secrecy.35

The Autonomous Spacecraft Project forced the issue of classifi cation on 
Caltech. Goldberger recommended accepting classifi ed work as long as it 
met an “important national need” and matched JPL capabilities, its general 
purpose was unclassifi ed and could be made known to faculty, and it could 
be segregated to keep the rest of the lab accessible.36 The faculty were not so 
sure and debated the issue at a special meeting on 11 June 1980. Astrophysicist 
Kip Thorne pronounced himself “unalterably opposed” to classifi ed work, 
based on the fundamental principle of academic openness; Noel Corngold 
added, “I don’t believe we should put our virginity on the line.” Others re-
sponded with pragmatism instead of principle: the project would help both 
JPL and the air force and cause no great harm, so why not do it? It would 
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keep secrecy safely distant at JPL and isolated from campus. And it seemed 
a better match to the technological skills of JPL staff than some of the other 
civil systems work: Robert Christy preferred that “JPL do fi rst rate work 
for the DOD than second rate work for the DOE.”37

The most troubling aspect for faculty was, as Murray put it, “the pos-
sibility that this could be the ‘camel’s nose under the tent.’”38 As Goldberger 
had admitted: “It is hard to be only slightly involved with respect to de-
fense work. Once the door is open, substantial pressures may be exerted to 
continue evolution over the long-term until the Laboratory might become 
a predominantly defense-oriented organization.” He vowed to resist such 
pressures, but the faculty wondered whether the policy would “result in 
our going from 5% DOD work to 10%, 15%, and so on.” The faculty did 
not vote on the proposal, but an informal show of hands produced no clear 
consensus for either side.39

Caltech’s board of trustees approved the classifi ed air force project later 
that summer. To cope with the camel’s nose, Murray created a new offi ce for 
defense programs to enhance their visibility. As a signal of the lab’s commit-
ment, he assigned Jack James, a primary architect of the systems engineering 
regime, to lead it. Schurmeier would also play a role as chair of a new subcom-
mittee of the executive council to oversee all non-NASA programs.40 In the 
fall of 1980 Goldberger created a faculty committee, chaired by Christy, to 
oversee classifi ed work at JPL.41 Caltech’s approval did not assume a major 
infl ux of defense programs. On the contrary: the chair of the faculty reminded 
Murray that the faculty had authorized only the Autonomous Spacecraft 
Project, “reluctantly,” as a small, short-term stopgap. Murray got the message 
and pledged to limit the Autonomous Spacecraft Project to 5 percent of JPL 
staff, and total defense work to 8 percent; he added that the Caltech-NASA 
MOU capped all non-NASA work at 10 percent.42 But Murray had earlier 
hinted that if support for the planetary program disappeared, or if threats 
to national security increased, defense work could increase, to the point “of 
having JPL become primarily a DoD installation.” If so, and if campus op-
position toward defense work persisted, “there could be a genuine problem 
of whether JPL should continue as a Caltech laboratory.”43

Events in 1981 tested Murray’s predictions and realized faculty fears, 
bringing the military up to its neck inside the JPL tent. The crisis in planetary 
exploration coincided with the gutting of energy research; meanwhile the 
Reagan administration began a military buildup, including a strong space 
component. As an indicator of military infl uence on space policy, in July 1981 
Reagan appointed Hans Mark as NASA’s deputy administrator. Mark per-
sonifi ed the integration of the military and civilian space programs through 
his directorship of Ames and his subsequent service as undersecretary and 
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then secretary of the air force under President Carter. As undersecretary 
Mark by statute had directed the National Reconnaissance Offi ce; then as 
secretary he initiated the creation of the Air Force Space Command. Mark’s 
evident talents had almost brought him from Ames to JPL as a successor to 
Pickering. He had taken himself out of the running after visiting Pasadena; 
he strongly recommended that Caltech select the next director from its own 
senior faculty, in part because “only a man who is highly respected by the 
faculty at CalTech could persuade the institute to lift the restriction on clas-
sifi ed work.” And Caltech would need to remove the restriction soon. “The 
basic problem faced by the laboratory is that its purely NASA business will 
probably decline. This means that the laboratory must either be cut back or 
that it must fi nd new business. . . . The major opportunities for new business 
lie in the Department of Defense.”44

This opinion, expressed in 1974, guided Mark’s approach to JPL when 
he rejoined NASA in 1981. In October, in the depths of Murray’s despair 
over the planetary program, Mark sent a sympathetic handwritten note. He 
stressed his strong support of JPL as an institution, even if his policies at 
NASA indicated otherwise, and of Murray as its director. But he differed 
from Murray on “whether the popular support enjoyed by the planetary 
exploration program can be translated into the necessary long-term political 
support to assure a stable level of funding large enough to carry out what the 
planetary community thinks of as an adequate program. I have never believed 
that this could be achieved and I still do not believe that it can be done. . . . 
After having watched ‘big science’ closely in the United States for almost 
three decades, there is no doubt in my mind at all that national defense is the 
only truly stable source of large research and development funds.” He thus 
endorsed Murray’s pursuit of defense work for JPL.45

Mark had already taken steps to encourage JPL in the direction of defense. 
In July 1981 he and Murray began discussing ways to increase defense work, 
in particular the need to bypass the 10 percent limit on non-NASA, non-
DOE work imposed by the Caltech-NASA MOU of 1978. Mark proposed 
raising the limit to 25 percent, with the restriction that the increase apply 
only to “DOD space program activities.” Murray accepted the 25 percent 
limit but broadened the defi nition of “space program activities” to include 
any defense programs relevant to JPL’s skills, even outside of space.46

Although NASA and Murray were amenable, the expansion required 
the approval of Goldberger, which again brought in the Caltech faculty and 
trustees. At a meeting in October 1981 the faculty noted with alarm Reagan’s 
budget cuts for science and technology, especially those for NASA. The cuts 
revived faculty suggestions for Caltech “cutting loose from JPL” in order 
to reduce campus exposure to the vagaries of federal budgets. Goldberger 
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reminded the faculty that the JPL overhead and fee provided 20 percent of 
the campus budget and thus stifl ed talk of cutting ties. But he also called a 
special faculty meeting for 20 October to discuss JPL’s expansion of defense 
work.47

In preparation for the meeting Murray wrote a paper laying out the lab’s 
predicament and offering three options: maintain the status quo, with lim-
ited defense work; take on defense work up to perhaps 30 percent of the lab 
program while remaining a NASA lab; or abandon NASA completely and 
become a DOD laboratory. Murray advocated the second option. “Continu-
ation of present policies would result, at best, in JPL becoming a much less 
distinguished and important Laboratory, and at worst, in the actual demise 
of JPL.” The third option “would certainly change the character of JPL itself 
as well as substantially diminish relations with the Campus.” The second op-
tion, taking on a signifi cant fraction of DOD work, would keep technical staff 
on tap while maintaining the lab’s special status as a NASA center; it would 
satisfy the DOD’s need for long-range commitments and NASA’s desire 
to sustain fl ight project capabilities for the future. Classifi ed work would 
increase but would still be only a fraction of the defense work, and hence 
a small part of the total lab program; JPL could remain an open laboratory 
with just a few restricted areas, and Caltech’s current overview process for 
classifi ed work would suffi ce. But, Murray added, “a fully DOD-sponsored 
JPL cannot be entirely excluded in the future, even by pursuing option 2,” 
and that would face Caltech with either running a military lab or ending its 
association with JPL.48

The faculty meeting attracted close to 200 faculty members, who debated 
Murray’s proposal for more than an hour. An informal straw vote came down 
about two to one in favor of Murray’s preferred option, a substantial increase 
of defense work to 30 percent. The faculty suggested two conditions for the 
proposal. First, all projects should have unclassifi ed titles: “The faculty ought 
to know, in general, what is going on at JPL.” Second, the campus should 
wean itself over the next fi ve or ten years from reliance on the JPL manage-
ment fee.49 The matter then proceeded to the trustees, who likewise engaged 
in a “vigorous discussion” before approving Murray’s proposed option. The 
trustees noted that perhaps a third of the faculty strongly opposed an expan-
sion of defense work but were consoled that “feelings were not so strong that 
. . . it would cause a major split between the Trustees and the faculty.”50

Embracing the DOD

With campus approval of defense work, Murray could report to lab staff in 
December 1981 that “during the period since last April, and especially in the 
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last several months, we have executed a modest but signifi cant ‘mid-course 
maneuver.’” The 30 percent limit allowed enough work to support key tech-
nical capabilities and convince the DOD of the lab’s commitment, but it also 
ensured that NASA remained the dominant, responsible sponsor.51 Murray 
admitted to the faculty that JPL was changing; defense work was no longer 
a short-term gap fi ller, pending a revival of planetary missions, but rather 
was a long-term presence within a permanently changed NASA program.52

The Reagan military buildup gave ample opportunity for new work, es-
pecially for space. The capabilities of reconnaissance satellites had increased 
dependence of intelligence and military communities on them and had also 
sparked an arms race in anti-satellite devices and directed-energy weapons, 
such as lasers, which also offered potential for ballistic missile defense.53 
Amid talk in defense circles of creating a fourth military service for space, 
the existing services competed to establish their roles. The air force had long 
viewed outer space as an extension of its domain, but the navy also staked a 
claim, since it relied on satellites for reconnaissance, ocean-condition sensing, 
and communication with its far-fl ung fl eets.54

Jack James and his group pursued new customers with vigor. A gung 
ho marketer, James aimed to have 600 work-years committed to defense by 
1983, more than a fourfold expansion from 1981.55 The effort soon paid off in 
a long-term agreement signed with the Air Force Space Division in October 
1981 projecting air force funding of $100–150 million per year for the next 
several years, supporting about 200 staff and encompassing the Autono-
mous Spacecraft Project and a major program called Talon Gold. An existing 
DARPA project managed by the air force, Talon Gold aimed to apply to 
ballistic missile defense the sort of expertise described for the Halley’s comet 
mission, in a high-precision system for acquisition, tracking, and pointing of 
lasers or other kill mechanisms at targets traveling through space; JPL was 
to build a prototype system for test fl ights on the shuttle.56

JPL did not enter the military market without resistance. The aerospace 
industry did not welcome a new competitor. James, drumming up business at 
a navy symposium in October 1981, was buttonholed by representatives from 
TRW, Rockwell, and Westinghouse who were concerned that JPL would 
steal their business. James replied that “the problem is big enough for all of 
us.”57 The military itself also presented obstacles—in particular, mismatches 
between JPL’s approach and the military’s, or what JPL director Murray 
termed “substantial cultural differences” between their individual modes of 
R&D.58 Many military managers had no notion of what JPL did or how it 
might help them, and even those who knew JPL could be frustrated in put-
ting the lab to work. JPL’s mode of performing projects differed from the 
military’s: JPL received full responsibility for NASA projects and developed 



Return to the Military • 105

most of them in-house; the DOD contracted large projects with industry 
and vested responsibility for them in its own offi cers and civil servants. Lab 
staff thus either had to convince the DOD to assign it responsibility for 
large in-house projects or accept nonaccountable roles and smaller projects. 
Military sponsors also confronted JPL’s bureaucracy. Defense contractors, 
for example, typically had thirty days to respond to requests for proposals, 
whereas JPL was accustomed to spending several months. James thus urged 
the lab to streamline the proposal review process, “to eliminate some of 
JPL’s ponderous bureaucracy,” but the old mode persisted, as JPL would 
learn ten years later.59 The military also sensed that it had second priority 
to NASA fl ight projects in the allocation of staff.60 Finally, JPL brought to 
defense work a reputation for accepting certain types of work and rejecting 
others, despite its newcomer status. The lab’s selectivity, combined with its 
association with Caltech, conveyed “an image of arrogance and dilettantism” 
that turned off military offi cers, many of whom doubted the depth of JPL’s 
commitment.61

Defense managers also faced a dilemma in marketing to the different 
services. Air force space programs meshed well with JPL’s technological ex-
pertise and came at an acceptable classifi cation level, but the air force was 
reluctant to give JPL an in-house, accountable project role. Navy programs 
likewise were a good technological fi t, as in the synthetic aperture radar 
program, but they came at a higher classifi cation level and also not in an 
accountable role. The army was the most interested and required mostly 
low or no classifi cation; its traditional arsenal system also inclined it more 
toward the JPL mode of in-house work. The army had the added advantage 
of familiarity since senior offi cers and JPL staff remained from pre-NASA 
days under army sponsorship. But it lacked a signifi cant role in space and 
offered a weaker technological fi t with JPL’s expertise.62 JPL also sought 
a relationship with DARPA, which was getting more into demonstration 
projects as well as research; lab staff thought JPL could become “a principal 
laboratory for DARPA.”63

JPL’s fi rst choice, the air force, failed to meet lab expectations. The Au-
tonomous Spacecraft Project sputtered after a promising start, and Talon 
Gold offered only a low-level role, not project management. No other major 
missions had emerged to anchor a long-term program.64 The relationship 
apparently foundered on the resistance of air force offi cers to JPL’s desire to 
run projects itself, in-house. The air force already had the Aerospace Cor-
poration, a dedicated outfi t for technological support, although it did not 
build hardware. The air force also had a poor opinion of NASA thanks to the 
shuttle program; NASA had persuaded the military to sign on to the shuttle, 
but the military, particularly the air force, at the time was still  waiting for 
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the fi rst launch and hence was regretting its support. One air force general 
warned JPL managers: “We have been burned in space. Be careful in identify-
ing yourself too closely with NASA when selling to the AF.”65

Defense marketers also failed to make inroads with the navy, whose of-
fi cers, according to TRW executive Simon Ramo, formed a “closed club” 
and also did not want their contractors working for the air force or army.66 
JPL thus turned to the army. Instead of space research, JPL offered the army 
its expertise in information systems, which jibed with the current military 
emphasis on C3I, or command, control, communications, and intelligence—in 
particular, the application of computers to tactical as well as strategic prob-
lems and distribution of information to offi cers in the fi eld.67 In 1979 it had 
started on a project called MAFIS, for Mobile Automated Field Instrumen-
tation System, intended to attach electronic transmitters and receivers to 
each soldier, vehicle, and weapon in training exercises, with information 
on the position and status of each unit available to commanders on graphic 
displays. In 1980 the army expanded the work, and JPL managers enthused 
that it “promises to be comparable in scope and challenge to a small fl ight 
project.”68 The next year the army added another project called SAWE, for 
Simulation of Area Weapons Effects, which would mimic the effects of artil-
lery and mines in training exercises. The projects involved work in electron-
ics, optics, information software, and systems engineering, and they gave 
project responsibility to the lab. And they were unclassifi ed and hence more 
palatable for Caltech.69

By 1982 the army was providing about two-thirds of defense funding at 
JPL, centered around training and simulation systems and C3I, with space 
projects for the air force and navy providing the other third. By that time 
defense work engaged about 200 JPL staff, approaching 5 percent of the 
workforce and allowing Murray to conclude that JPL had “passed success-
fully last fall through the nadir point in JPL’s future prospects.”70

Implications of Defense Programs

The mobilization of JPL in the early 1980s was not instantaneous: lab man-
agers fi rst discussed a revival of defense work in the mid-1970s and ramped 
up their effort through the rest of the decade. JPL thus refl ected continuity 
in the national mobilization, which likewise began in the Carter administra-
tion, driven by Soviet challenges for strategic parity and then their invasion 
of Afghanistan, before accelerating under Reagan.

The main obstacle to defense work lay not in the lab, nor in Caltech’s 
administration or trustees, but in the Caltech faculty. To lab veterans, the 
new programs represented not a radical break but a reprise. Many people at 
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JPL remained from the days of army sponsorship, and Murray himself had 
worked for the air force. While perhaps 10 to 20 percent of lab staff did not 
themselves wish to work on military programs, only 5 percent at most op-
posed their presence in principle: “Most of our staff, and virtually all of our 
supervisors and managers, enthusiastically welcome DoD work.”71 Caltech, 
for its part, had a tradition of defense-oriented leaders, dating back to Robert 
Millikan; after Harold Brown left Caltech to become secretary of defense, the 
institute hired Goldberger, who had been a defense consultant since the 1950s 
and had helped to found the JASON group of scientifi c defense advisors. 
Caltech’s trustees also provided a sympathetic forum: the subcommittee on 
JPL included Ramo; former Caltech president Lee Dubridge, another promi-
nent defense advisor; and former Secretary of Defense Robert McNamara. 
But the support of defense work by senior administrators and managers at 
JPL and Caltech also suggested a generation gap, between older professors 
and lab staff who came of age during World War II and the early cold war, 
and a younger cohort that came out of the 1960s and the Vietnam War period 
with different attitudes toward the military. This younger group’s simmering 
opposition to defense work would boil over in the future.

JPL managers viewed defense programs as a way to keep staff employed 
at the lab amid the decline in the planetary program. They thus reversed 
the standard cold war argument for scientists-on-tap, which sought basic 
research programs for government-funded labs in order to keep talented 
staff on hand for future defense work. At JPL, defense work would keep 
talented staff on tap at the lab for future diversion to civilian science mis-
sions. But defense programs at JPL had another important consequence: 
exposure to classifi ed military research and development, and support for 
advanced technology.
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S E V E N

Space Technology

JPL RESUMED DEFENSE WORK IN ORDER TO RETAIN ITS STAFF, WHICH DECLIN-
ing NASA budgets could no longer support. These people had produced a se-
ries of remarkable achievements in high-reliability spacecraft, which entailed 
not only systems engineering but also the development of new technologies. 
Examples of these technologies include hardware, such as charge-coupled 
devices in place of vidicons, and software, such as the computer programs that 
provided autonomy for Voyager. Two technologies in this period exemplify 
the ingenuity and effort of JPL engineers: synthetic aperture radar and image 
processing. Both relied on and helped drive advances in data processing and 
thus demonstrate the increasing role of computers in opening up new fi elds 
of scientifi c knowledge.

Synthetic Aperture Radar

After World War II astronomers turned the military technology of radar to 
the study of the planets, using it as a way to determine their size, rotation, 
orbits, and surface features. The space age offered a means to deliver radar 
systems to the planets themselves, and NASA almost from its inception con-
ceived of radar as a key component of planetary exploration.1 In the 1970s 
JPL developed a new type of radar for satellite remote sensing. Known as 
synthetic aperture radar, this technology provided fresh views of Earth and 
the planets.

As with a camera aperture, larger radar antennas provide higher image 
resolution. Synthetic aperture radar (SAR) takes its name and operating prin-
ciple from the simulation of a large antenna, or aperture, by combining ob-
servations from many points along the antenna’s fl ight path. An SAR records 
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the amplitude and phase of radar echoes as a function of time, with each point 
on the planet’s surface identifi ed by a combination of time delay and Doppler 
shift. The SAR then integrates the data along the fl ight path to synthesize a 
large aperture (see fi gure 7.1). In effect, an SAR system substitutes software 
for hardware—that is, data processing for a physically large antenna.2

The smaller size of SARs was only one of several features that recom-
mended them for use on satellites. Unlike real aperture radars, whose resolu-
tion is proportional to altitude, SAR resolution is independent of height and 
in fact varies directly with antenna size (a smaller antenna providing fi ner 
resolution). In practice, the altitude determines the antenna size required for 
signal transmission and acquisition, but SAR could still reduce satellite-borne 
radar resolution from tens of kilometers to tens of meters. Radars have the 
further advantage of collecting data at night and receiving pulses through 
clouds or through certain surface covers, such as sand or vegetation; the 
longer wavelengths than optical images also provide different information 
on the roughness and material properties of target surfaces.3

The ability to penetrate clouds had suggested, in particular, the use of 
radar on a mission to Venus, whose hazy atmosphere precluded optical ob-
servation of the surface. In 1960 JPL started a radar program with Venus in 
mind. A radar team under Walter E. Brown, Jr., fi rst tested standard radars on 
rocket fl ights in conjunction with aircraft-borne radar in order to scale radar 
backscatter behavior with altitude. The radar team shifted to aircraft fl ights 
starting around 1970, and the detection of ocean waves by JPL’s airborne 
SAR in 1971, as we know, led to the Seasat radar.4 The successful tests of the 
SAR also earned it a central place in initial planning for the Venus Orbiting 
Imaging Radar mission.5

JPL’s shift to synthetic aperture radar came at the recommendation of 
radar scientists at the University of Michigan. JPL did not originate SAR; 
the concept dated back to the end of World War II, when the military began 
sponsoring highly classifi ed programs. By the 1960s commercial geological 
survey were using airborne SAR systems, and reconnaissance aircraft no 
doubt were as well.6 JPL’s contributions came not in inventing a new technol-
ogy, but through innovative use of existing technology. The lab departed from 
current practice fi rst by using longer wavelengths, around 23 centimeters 
instead of the military’s 3-centimeter wavelengths. Unlike the military pro-
grams, which wanted the highest possible resolution (and hence smaller an-
tennas and short wavelengths), JPL sought resolution suffi cient for scientifi c 
purposes, balanced with other mission requirements. In particular, the dense 
atmosphere of Venus threatened to attenuate shorter wavelengths; at the same 
time, at longer wavelengths the little-understood Venusian magnetic fi eld 
might affect signal polarization. So Brown’s team settled on an  intermediate 
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wavelength of 30 centimeters, later shortening it to 23 centimeters when they 
encountered interference from military aircraft radars.7

Seasat’s radar resolution of 25 meters would not have excited military 
interests in advance, but the JPL program more than compensated in other 
ways. The longer wavelength proved crucial to detecting ocean waves and 
hence justifying Seasat: higher-resolution systems had been picking up 
short-wavelength capillary waves on the ocean surface that obscured long-
 wavelength swells, whereas the JPL radar just saw the swells. The opportu-
nity to map direction and wavelength of wave patterns had piqued ocean-
ographers’ interest, and the longer wavelength also more easily mapped the 
internal waves that enabled submarine detection. As the fi rst outfi t to try 
putting an SAR on a satellite, JPL had also to adapt the system to the space 
environment, including vacuum, low temperatures, and especially vibration. 
Existing airborne SARs were generally mounted on elastic shock absorbers, 
but JPL’s radar group instead built components rugged enough to handle 
the vibration of launch and spacefl ight. Active radar systems also needed 
power that passive cameras did not; hence the need for the large solar arrays 
on Seasat, which would prove its undoing.8

Transferring radars from airplanes to satellites likewise entailed a shift 
from recording data onboard to transmitting it. That was no easy feat. Syn-
thesizing a large aperture imposed formidable demands in data processing—
not only in the integration of radar returns along the fl ight path, but also in 

Figure 7.1. A synthetic aperture radar combines information on range and 
Doppler shift to improve resolution in the azimuth or along-track direction. 
Source: Magellan fact sheet, April 1989 ( JPL 198, 3/26).
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accounting for phase shifts (as the distance changed to each point with the 
spacecraft motion), planet curvature and rotation, spacecraft attitude drift, 
atmospheric distortion, and a host of other variables. The SAR data from 
Seasat emerged at the rate of 111 megabits per second, requiring real-time 
transmission to Earth instead of onboard processing or recording. On the 
ground it took an entire day to process about fi ve minutes’ worth of data, 
covering about 200,000 square kilometers; lab staff predicted that at that 
rate it would take them seventy-fi ve years to process all the images if Seasat 
worked for three years as planned.9

As it turned out there were only three months of data to worry about, 
though even that taxed JPL’s capability. The lab had initially pursued an all-
digital data system for the Seasat SAR, with an onboard processor and digital 
downlinks and recorders at the ground stations, but technical obstacles and 
escalating costs shelved the digital system in favor of an existing analog alter-
native.10 The radar team thence had to reduce the data on the ground with an 
optical correlator, in which the radar signal patterns, recorded on fi lm, formed 
a Fresnel lens; together with corrective optics in the correlator, the lens 
focused light to reproduce each radar image of the surface (a bit like the 
production of a hologram). The optical correlator proved a bottleneck in the 
Seasat data fl ow, greatly slowing the processing of SAR images and spurring 
subsequent attempts to develop digital SAR processors.11

The Seasat SAR signaled the increasing centrality of data processing to 
mission success. The fl ood of data threatened to swamp scientists. How to 
select particular bits of information from this incessant stream? How to con-
vert downlinked telemetry to user-friendly data formats? To solve these 
problems NASA and JPL established the Seasat Data Utilization Project, 
which converted raw telemetry to scientifi c data, correlated this with location 
data, and developed algorithms to extract geophysical information, such as 
wind or wave patterns. One NASA manager called it “the least glamorous 
project ongoing at JPL” but at the same time recognized its crucial role in 
converting and distributing the data, and thus in changing perceptions of 
Seasat from failure to success.12 Seasat thus demonstrated that space-based 
SAR could overcome the limited spatial and temporal coverage of airborne 
radars and provide synoptic, repetitive observations.13 Even before Seasat, 
JPL managers recognized the programmatic potential for earth and ocean sci-
ence as well as planetary exploration.14 Venus mission planning continued to 
include an SAR, and JPL also parlayed the radar into a series of fl ights on the 
space shuttle, known as the Shuttle Imaging Radar (SIR). The fi rst of these, 
SIR-A, fl ew on the second shuttle fl ight, in November 1981, and returned 
images of 10 million square kilometers, about 2 percent of Earth’s surface.15

SIR-A confi rmed the utility of SAR for both geology and oceanography 
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and provided surprising uses in archeology and anthropology. Airborne SAR 
fl ights by JPL in 1977 and 1978 had revealed a system of canals buried under 
vegetation in Guatemalan rain forests; archeologists attributed the canals to 
ancient Mayan civilization and concluded that population pressure forced 
the Maya to develop intensive agriculture instead of primitive slash-and-burn 
farming.16 SIR-A images of the deep Sahara Desert then revealed prehistoric 
river channels buried under two meters of sand; the very dry, fi ne-grained 
sand of the region proved transparent to radar. The images sent JPL radar 
scientist Charles Elachi and geologist Ronald Blom on an expedition to Egypt 
with other geologists and archeologists, where they verifi ed that major rivers 
had traversed the area in the Tertiary period, carving valleys through a now-
featureless landscape in which rain falls at thirty- to fi fty-year intervals. The 
expedition confi rmed as well that early human settlements had congregated 
near these river systems.17

A subsequent fl ight, SIR-B in 1984, was hampered by antenna and elec-
trical problems and met only 40 percent of its goals, though it did prove the 
technique of stereo imaging and onboard digital processing.18 The SIR series 
would continue in the 1990s, after an interruption by the Challenger disaster, 
and the similarly delayed Venus mission would fl y with an SAR as Magellan 
in 1992. Synthetic aperture radar thus provided programmatic continuity 
through three decades. It had other implications as well. As with Voyager’s 
fl ight computer, the complexity of the technology outran its developers. 
Tony Spear, the Seasat SAR manager, noted before launch that despite pre-
fl ight testing, “we will fl y Seasat-A SAR not completely understanding its 
performance.” Spear added, “Some sensors now and some future sensors . . . 
are as complicated as whole, earlier spacecraft.”19

Image Processing

SAR proved a particular harbinger in its reliance on data processing, which 
would become ever more crucial as digital components and data rates mul-
tiplied in spacecraft instruments. In 1976 Al Hibbs warned of a “data ava-
lanche” facing JPL and the space program. “Modern electronics has placed 
at our disposal, quite suddenly and to the surprise of many, an enormously 
increased power of communication and computation.” JPL engineers previ-
ously assumed that if the spacecraft and DSN worked properly, the mission 
would succeed, in that it would return scientifi c data. “This may no longer 
be true. The spacecraft can work perfectly, the data can be returned to earth 
and successfully processed and fi led—and yet fall far below its potential use-
fulness because our information management techniques are inadequate.”20 
Nuggets of important scientifi c information could be buried in the accumu-
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lated mountains of data. NASA’s “Outlook for Space” study of 1976 had 
identifi ed data management as a pressing need, and the next year Murray 
chose information systems as one of two main technological themes for JPL, 
alongside energy conversion.21

Hibbs identifi ed image processing as a particular example of informa-
tion systems and as a key asset of JPL. Image processing, Hibbs observed, 
involved much more than just cameras and was more properly viewed as an 
information system, encompassing selection of features for photographs, 
onboard processing, telemetry and data compression, and ground-based 
analysis.22 The interpretation of images is not a straightforward task: pictures 
do not necessarily convey understanding by themselves; rather, researchers 
manipulate and analyze them to reveal particular sorts of information. From 
Galileo’s sketches of the moon to photos of elementary-particle tracks in 
bubble chambers, the parsing of pictures has entailed decisions about which 
features to emphasize and which to ignore, and it has thus determined what 
people would see.23

As with the radar program, JPL’s effort in image processing evolved in the 
1960s. Processing data from space-borne camera experiments took two stages, 
one before launch, one after. All JPL spacecraft before the Galileo mission 
used cameras called vidicons to capture images. In a vidicon, light falls on 
a photoconductive surface, which builds up an electric charge proportional 
to the light received at each point. An electron beam then scans the charge-
density pattern to record the image. In practice a vidicon required careful 
calibration on the ground: fi rst, to correct for photometric distortion caused 
by uneven response in different portions of the photoconductor; second, to 
correct geometric distortion caused by warping of the electron beams, for 
instance, owing to external electric fi elds; and last, to remove residual images 
on the photoconductor.24

The second stage involved processing of images returned from the space-
craft. Images came to Earth in streams of telemetry, for the early missions 
as analog waves, later as digital bits. Processing required fi rst extracting im-
agery data from the telemetry, relating it to cartographic coordinates, and, 
for analog signals, digitizing it. The digital data were then arrayed in a two-
dimensional grid and translated to a gray-scale image, based on the intensity 
ascribed to each pixel. The fi rst Ranger pictures proved too fuzzy to see 
craters, let alone fi ner features. Robert Nathan, a Caltech PhD who had 
worked with pattern recognition in crystallography, began cleaning them 
up. At fi rst he focused on correcting distortions and removing signal noise, 
such as a particular frequency superimposed on an image by vibration of the 
camera. (Applying a Fourier transform from spatial to frequency variables 
revealed a bright spot for noise at particular frequencies; wiping out the spot 
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and transforming back produced a clean image.) He then thought to use 
similar digital fi lters to enhance images in general: for instance, to average 
the contrast in local areas around each image point, subtract the averaged 
pattern, and then stretch the remainder, which had the cumulative effect of 
sharpening the overall picture. Nathan produced the fi rst computer-enhanced 
images from Ranger 7 in 1964 and similarly enhanced the low-contrast, fea-
tureless images returned later that year by Mariner 4, and he proceeded to 
evolve ever more sophisticated techniques over the decade for Surveyor and 
Mariner fl ights (see fi gure 7.2).25

By the mid-1970s what was known as the Image Processing Laboratory 
at JPL had more than 50 staff and a library of software and image processing 
algorithms, all developed in-house. Since the reconnaissance community was 
just switching from satellite fi lm drops to real-time digital telemetry, JPL had 
perhaps the most advanced digital image-processing capability in the country 
at the time. The software included routines for contrast enhancement, carto-
graphic projection, constructing mosaics, motion compensation, foreshorten-
ing and topographic corrections, and full-color composition from black-
and-white cameras and single-color fi lters.26 The resultant high- resolution 
pictures enabled many of the image-driven scientifi c advances from robotic 
spacecraft—for example, composing the rich color pictures from Jupiter and 
Saturn on Voyager as well as revealing the fi ne detail in their atmospheres 
and satellites, including the volcanoes on Io and Saturn’s rings.

The Image Processing Lab also provided a key resource for JPL’s public 
relations program. Image processing removed unsightly distractions, such as 
reticles or blank patches, and created color photos, in some cases expressly 
to wow the public.27 Public relations also encouraged the creation of motion 
pictures, especially the need for dynamic fi lm clips instead of static images 
for television news. JPL staff fi rst combined still photos from Ranger and 
Mariner to produce motion pictures; in 1987 Kevin Hussey, Bob Mortensen, 
and Jeff Hall projected topographic elevation data from Landsat to simulate 
the three-dimensional view from an aircraft swooping through the Los An-
geles basin, in a video titled “LA, the Movie.”28 More elaborate simulated 
fl ights over Venus and Mars would be produced using data from Magellan 
and Mars Global Surveyor in the 1990s.

JPL did not necessarily invent digital image processing. It drew on earlier 
work in pattern recognition (such as Nathan’s) as well as digital computing, 
and digital pictures themselves had been around since newspapers digitized 
photos for telegraph transmission in the 1920s.29 What JPL engineers did was 
to realize the possibilities and by example spark subsequent applications far 
afi eld from space science. Several of these successive efforts acknowledged the 
inspiration provided by JPL, including a review article of 1977 in Computer 



Figure 7.2. Image processing by Fourier transform. The fi rst is the original image 
of the cratered surface of Mars, taken by Mariner 9. Second is the interference 
pattern superimposed from the coincident transmission of spectrometer data. 
Third is the Fourier transform showing the frequency peaks of the noise pattern. 
Fourth is the fi nal image, with coherent noise suppressed. Source: JPL Image 
Processing Lab.
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magazine that called the Ranger images “essentially the beginning of digital 
image processing technology.”30 Proliferating textbooks and special journal 
issues in the 1970s, including several standard texts and review articles by 
JPL engineers, helped to spread the techniques.31

JPL’s image processing attracted the interest of industry. NASA in the 
1970s made JPL software available through its licensing program, but the 
scarcity of specialized hardware and documentation initially limited the mar-
ket until the emergence of higher-performance work stations and graphics ac-
celerators starting in the 1980s.32 A more direct approach was the recruiting of 
JPL staff by industry, including William Green, head of the Image  Processing 
Lab in the late 1970s. JPL staff also formed their own spin-off companies, al-
though criticism about capitalizing on government-funded work soon stifl ed 
these endeavors.33 The availability of JPL software, people, and publica-
tions helped to catalyze a commercial software industry for image processing 
starting in the mid 1970s, and two decades later desktop packages, such as 
Photoshop, were deploying many of the techniques—contrast enhancement, 
image stretching, color corrections, and so on—developed at JPL.

The nearby movie business also drew on JPL’s work. Although James 
Blinn was not a part of the Image Processing Lab, his computer animations 
for Voyager and the “Cosmos” series shared some of its methods, such as 
reconstructing viewing geometries and surface refl ectance.34 Blinn had been 
recruited to the lab by his mentor Ivan Sutherland, now at Caltech, and he 
was making a name as a guru of computer graphics. As Sutherland, himself no 
slouch, would say, “There are only a dozen great people in computer graph-
ics, and Jim Blinn is six of them.” Blinn’s work attracted offers from movie 
studios, and he accepted one in 1980 from George Lucas to help establish 
a special-effects studio for the “Star Wars” sequels.35 The image-processing 
group soon formed its own data visualization section, including the group 
that would produce “LA, the Movie”; among their tools was the sort of 
three-dimensional volume rendering used by Blinn and later embraced by 
movies and video games. Kevin Hussey would similarly leave this group for 
Disney in the mid-1990s.36 By that time JPL had a separate Digital Image 
Animation Laboratory, funded mostly from outside NASA, with IMAX its 
largest sponsor.37

In November 1976 Caltech and JPL convened a conference on image 
processing to spread the work to a wider audience. Nearly 400 people at-
tended—from academia, government agencies, and industry—to hear about 
its potential in such fi elds as geology, oceanography, astronomy, and bio-
medicine.38 Researchers in these fi elds were beginning to realize the pos-
sibilities: Nathan had shifted entirely to biomedical research, in particular 
image processing for X-rays and microscopy, and in 1979 Green created an 
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astronomy image-processing group alongside the existing planetary group.39 
Image processing found application even further afi eld—for fi ngerprint analy-
sis in law enforcement, to interpret photos of the Loch Ness monster, and, 
most famously, to analyze the Shroud of Turin.40

The new digital techniques met some resistance. Although planetary 
geologists had some prior experience with ground-based astronomical pho-
tography, their fi eld for the most part matured with digital imaging in the 
1960s. To radiologists and astronomers, however, digital techniques meant a 
departure from accepted practice. As Green put it, “they knew and trusted 
their fi lm.” Radiologists resisted the digitizing of their X-rays through sam-
pling since that meant an initial loss of information. Likewise, astronomers 
accustomed to peering at photographic plates adapted uneasily to scanning 
and scaling pixels on a graphics workstation.41

Image processing merged with synthetic aperture radar in yet another 
archeological fi nd: the lost city of Ubar. A main city of the ‘Ad people of 
antiquity, on the edge of the vast Rab’ al-Khali desert of central Arabia (in 
today’s Oman), Ubar fl ourished from about 300 BC to AD 300. The ‘Ad 
people prospered from the harvest of frankincense from groves in the Dho-
far Mountains; Ubar sat on the trading route north to Mesopotamia, Egypt, 
Israel, Greece, and Rome. The people of Ubar perhaps prospered too much. 
According to legend, the prophet Hud warned them about their decadent 
ways; when they failed to heed the warning, the city bore God’s wrath and 
sank beneath the sands.42

In 1982 the documentary fi lmmaker Nicholas Clapp was investigating 
the legend of Ubar. Recalling press accounts of the radar-detected Mayan 
ruins, he contacted JPL and ended up talking to Blom, the geologist who 
had helped unearth the ancient Saharan riverbeds. Blom then brought in 
Elachi, who agreed to make Ubar a target of the SIR-B radar in 1984. The 
SIR-B glitches scuttled the plan, but Bob Crippen in the Image Processing 
Lab then ran images from Landsat 5 and the French SPOT satellite through 
a gamut of fi lters and wavelength shifts. The manipulated images eliminated 
modern tracks through the desert, leaving only a wide compressed track left 
by centuries of camel hoofprints. Blom and later Elachi joined Klapp and a 
team of archeologists on an expedition in Oman, where they traced the paths 
back to likely sites. Using a portable radar, they located a well shaft buried 
in sand in a sinkhole—the very pit, it turned out, that had swallowed the 
ancient city of Ubar sometime around AD 300–500 and had thus spawned 
the stories of its calamitous end.43
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Technology and the Relation between 
Civil and Military Space Programs

Despite these achievements, technology development in general at JPL was in 
decline in the late 1970s. The focus on big fl ight projects could stifl e advanced 
technology both by demanding absolute reliability and by monopolizing 
resources—people and facilities—within the lab. Small technology projects 
offered little job security or upward mobility to technical staff and had low 
priority for computing time or machine shop orders.44 Caltech engineering 
professor Fred Culick perceived more generally that technology develop-
ment—what he called engineering research or applied science—fell between 
the cracks at JPL: “It is not ‘engineering’ if by that one means design and 
development of working hardware (other than experimental apparatus); and 
it is not ‘science’ if by that one means studies carried out primarily for their 
intrinsic value.” Culick wondered whether the lab was neglecting such long-
term technology research.45

The trend was wider than JPL. At a time when “technology utilization” 
was a priority, NASA concentrated on the application of existing technology 
instead of development of new technology—or, on short-term payoffs instead 
of long-term investments.46 In 1982 Noel Hinners, director of Goddard, per-
ceived “widespread agreement . . . that NASA has lost its technology zip.” 
Hinners attributed NASA’s conservatism to tight budgets that encouraged the 
use of reliable, proven technologies for space fl ight.47 Technology develop-
ment also lacked a clear home within NASA. The Offi ce of Aeronautics and 
Space Technology (OAST) had nominal responsibility, but other offi ces often 
supported technological R&D within their missions, such as that provided 
for fl ight projects by the Offi ce of Space Science. As a result each offi ce could 
hope another one would pick up the funding for particular technologies. The 
arrangement also required an offi ce to support fl ight testing of new technol-
ogy. The Offi ce of Space Science did not want to pay for technology research; 
OAST meanwhile wanted to spend its money on cutting-edge development, 
not fl ight-testing.48 Finally, OAST gave half of its name, and much more sup-
port, to aeronautics, such as advanced helicopters and hypersonic aircraft. 
For example, aeronautics got two to three times the funding of space technol-
ogy within the OAST budget in 1977 and 1978. And for space technology, 
the offi ce emphasized the space shuttle, not planetary missions: the entire 
space technology budget in 1978 was dedicated to shuttle experiments.49

The neglect of technological R&D stemmed in part from the presence 
of the aerospace industry. Aerospace fi rms lobbied Congress and NASA to 
shift work from government labs to industry contracts; in propulsion, for 
instance, its eponymous specialty, JPL relinquished R&D to industry in 
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the mid-1970s.50 To take another example, JPL failed to win long-term sup-
port of the synthetic aperture radar program because of bickering over the 
role of industry.51 Even unproven technologies, however, lacked support. In 
propulsion, for instance, NASA furled the solar sail and then unplugged the 
ion drive; the agency meanwhile rejected JPL’s proposals in 1977 for nuclear-
electric systems based on thermionics technology, leaving no alternatives 
to the standard chemically propelled rockets.52 Even the most successful 
programs could struggle for support. Both SAR and image processing built 
on work from the 1960s; Murray complained in 1979 that the radar program 
lacked “adequate support for new innovative efforts,” and the next year 
image-processing managers warned that an absence of long-term support 
threatened them with “obsolescence.”53

But here was another motivation for defense work. JPL engineers and 
managers were not just pursuing defense programs for funding, but also for 
the technologies they supported. At the time lab staff shared a perception 
that the military represented the cutting edge of certain space technologies, 
especially in such critical areas as advanced sensors.54 Some of the most ad-
vanced military technologies, however, were classifi ed. The question thus 
arises whether people at JPL knew what was going on in so-called black or 
secret programs, which were developing technologies very similar to those 
used at JPL. Did the lab suffer from lack of contact with classifi ed work? 
Was the government paying JPL engineers to reinvent wheels already devel-
oped by the military? There is substantial evidence that people at JPL and 
elsewhere perceived a disconnect between civil and military space programs 
in this period. The orange report of 1976 recognized “that in refraining from 
classifi ed work, JPL will not have automatic access to or be able to work 
at the forefront of some new technologies which would benefi t its primary 
missions.”55 Two years later Murray advised Caltech faculty that JPL paid a 
price for denying classifi ed work: “In certain areas of satellite technology we 
are blind and it is possible that in the future our desire to avoid secret work 
may confl ict with our equally valid desire to be the best in the business.”56

Synthetic aperture radar was a prime example. In 1977 Murray wondered 
whether JPL was unwittingly duplicating secret military work on radar tech-
nology, including synthetic aperture radar. “We at JPL have little apprecia-
tion of similar or parallel technical developments which might be under way 
other than under NASA sponsorship. Hence, it is diffi cult for JPL to benefi t 
effectively from or contribute to the total national space radar effort. More 
serious, I have little basis upon which to anticipate (and perhaps avoid) po-
tential national security issues which conceivably could be encountered in an 
aggressive but ‘blind’ technology development and utilization program.”57 
The following year Murray and NASA managers noted a concern that JPL 
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could fi nd itself “laundering” classifi ed radar information.58 Outsiders shared 
a sense of a disconnect. A visitor from TRW in 1978 asked if JPL engineers 
were giving “adequate consideration . . . to what has already been accom-
plished, or is planned for the near future, by the military in this area.”59 Four 
years later, another visitor from Hughes spoke of “a great gap” between open 
and black radar programs, and Harold Brown advised that JPL needed to be 
aware of similar work, “some highly classifi ed,” under the air force.60

Similarly, William Green confessed that JPL’s image-processing staff could 
not tell whether they were lagging reconnaissance programs, which were then 
switching from analog to digital imaging: “that was always something we 
wondered about at JPL. Who was ahead? And we could never fi gure it out, 
because they wouldn’t tell us.”61 Hence, in an early discussion of  classifi ed 
work with Caltech faculty, Murray submitted that the lab could not keep 
up with the technological state of the art in some fi elds without access to 
classifi ed information, what he called “a secondary consideration” for under-
taking defense work.62

The issue was not new. JPL in the late 1950s had unknowingly replicated 
the secret Agena missile program of the air force. After NASA cancelled the 
parallel JPL program, JPL engineers struggled to get crucial information on 
the Agena rocket past security barriers in order to build Ranger.63 Twenty 
years later an electrical short in the slip ring on an Agena killed Seasat. A re-
view board attributed the failure in part to the fact that “the heritage/pedigree 
of inherited military systems (i.e., launch vehicles, encrypting systems, etc.) 
cannot be as well known to NASA as is NASA’s own hardware.” Bruce Mur-
ray was more blunt: “What was supposed to be a fl ight qualifi ed part was not. 
But because of the classifi cation within Lockheed, the project manager from 
the Air Force side wasn’t talking to the project manager from Seasat.”64

The issue was also not limited to JPL, but rather affected the entire Ameri-
can space program. There is a common, perhaps apocryphal story about aero-
space engineers having lunch in a company cafeteria: some of them, working 
on an unclassifi ed civilian project, start talking about a particular problem 
they cannot fi x, and their colleagues in secret military programs just sit there 
smirking.65 More concretely, astronomers who worked on the Large Space 
Telescope complained that engineers from black programs handicapped the 
telescope by not sharing crucial information obtained building reconnais-
sance satellites. NASA manager Charles Pellerin claimed that the telescope’s 
engineers suffered from “a fear of the black world mystique” and encoun-
tered statements like, “Well, we’d like to show you how this works, but you 
really don’t have the clearances, and so you have to take my word for it.”66

The space telescope, however, capitalized extensively on classifi ed pro-
grams. NASA chose two of the main contractors, Lockheed and Perkin-Elmer, 
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based on their work in reconnaissance satellites, which would now aim their 
cameras at the stars instead of Earth.67 JPL likewise was not entirely cut off 
from the classifi ed world. Some fi elds, such as chemical propulsion and lasers, 
kept in touch with military developments through classifi ed literature and 
conferences.68 Other programs benefi ted from indirect connections. Voyager, 
for example, capitalized on military space programs in two ways: fi rst, in 
hardening electronics to survive the radiation environment at Jupiter, since 
American electronics manufacturers had experience designing components 
that could survive radiation from nuclear weapons; second, in its radioisotope 
power sources, which were available because the air force had wanted them 
for a classifi ed communication satellite.69

A substantial traffi c in people also crossed the classifi ed border. The top-
secret Vista Lab continued to employ a number of JPL staff as consultants, 
and a number of JPL staff came and went from defense contractors and 
agencies: for example, Bill Green came to the Image Processing Lab from 
an industry job analyzing reconnaissance images, and after a decade at JPL 
he returned to similar work in industry; several engineers, including James 
Burke, Clifford Cummings, and Philip Eckman, went from JPL to the CIA 
and back.70 Murray himself had enjoyed, as he put it, “a window on the dark 
side of space” as a consultant for the Rand Corporation in the 1960s and as 
a member of defense advisory committees while he was director of JPL.71 
Murray helped bring into the planetary program Merton Davies from Rand, 
a pioneer in reconnaissance imaging who contributed his experience to mis-
sions from Mariner to Voyager.72 At the NASA level, in addition to such 
people as Hans Mark, there were managers at lower levels like Dan Herman, 
who joined NASA’s planetary program offi ce in 1970 from Northrup, where 
he worked on SARs for the navy; at NASA Herman became a prime mover 
of the Venus radar mission.73

Whatever isolation from classifi ed programs existed did not necessar-
ily hurt the lab. JPL engineers generally preferred using technologies they 
had developed themselves, a common aversion to external R&D known as 
not-invented-here. So they may in fact have wanted to reinvent the wheel.74 
And when they did, their wheels worked: for example, the resolution of 
cameras on Mariner 10 in 1973 compared favorably with that of American 
spy satellites at the time.75 And sometimes, as in the case of synthetic aperture 
radar, JPL engineers perhaps benefi ted from lack of contact, by pursuing a 
different approach, which then enabled important scientifi c results—and 
unexpected military payoffs. Furthermore, we may attribute some of the 
duplication and lack of communication not so much to secrecy but rather 
to mundane tendencies of rival bureaucracies. One might see similar discon-
nects among the various military services or between civilian agencies with 
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overlapping missions.76 Finally, any disconnects between the open and black 
worlds were bridged by JPL’s entry into the classifi ed community, as it joined 
the remilitarization of space. Subsequent support from and access to defense 
technology programs would indeed prove crucial for the future of JPL and 
planetary exploration.

But fi rst the lab faced a transition to a new director following Murray’s 
resignation in April 1982. The battles of 1981 took their toll. In April 1982, in 
his annual state of the lab address, Murray dropped a bombshell: he was retir-
ing after six years as director. When appointed as a forty-four-year-old, he 
conceivably could have, like Pickering, provided twenty years of stability. But 
the trend for large government labs was for shorter-term directors;  Harold 
Brown had called Pickering “the last of a breed of 20-year lab directors.”77 
Murray maintained that he had taken the job assuming a fi ve-to-ten-year 
term and was stepping down at a natural transition point. He was careful 
not to leave the impression that “‘Murray has given up on the future of JPL 
and so he is bailing out’”; instead he claimed victory, having guided the lab 
through the crisis and hence ensuring security for a successor.78 But Murray 
perhaps also recognized that he had burned too many bridges in the battle 
to save the lab. His energy and enthusiasm, attributes that helped win him 
the job, proved his undoing. By antagonizing NASA managers and some of 
his own staff with his missionary zeal, Murray diminished his effectiveness 
as director and hastened his departure.
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MURRAY’S SUCCESSOR AS DIRECTOR OF JPL WOULD NOT HAVE TO WORRY ABOUT 
ignorance of classifi ed work. In July 1982 Caltech named Lew Allen as direc-
tor, effective October 15 (deputy director Charles Terhune served as acting 
director from July to October). A native small-town Texan, Allen had gradu-
ated from West Point in 1946 and served in the Strategic Air Command. He 
then obtained a PhD in nuclear physics at Illinois in 1954, under a new air 
force program aiming to produce technically trained offi cers. Allen’s career 
rewarded the investment. After stints working on nuclear weapons design 
and effects for the air force, in 1961 Allen joined the defense research and 
engineering offi ce of the DOD, where he focused on space technology. His 
subsequent exposure to the reconnaissance satellite program led to his ap-
pointment in 1973 as deputy director of the CIA and soon thereafter as head 
of the National Security Agency. After four years Allen returned to the air 
force as a four-star general, and in 1978 he was named air force chief of staff, 
a position he held until his retirement in June 1982. The unprecedented ap-
pointment of a scientist and space expert as air force chief, instead of the 
traditional commander of combat pilots, indicates the military’s reorientation 
toward space in this period.1

Allen’s retirement from the air force coincided with Murray’s from JPL, 
and his long acquaintance with Harold Brown and Murph Goldberger 
through defense work brought him to the attention of Caltech. Allen’s ap-
pointment signaled a shift in style from Murray’s leadership. The mercurial 
Murray often seemed to manage by the seat of his pants, and he did not shy 
away from rocking the boat. Allen, by contrast, brought a methodical mana-
gerial approach and a taciturn, buttoned-down personality—a “steady hand” 
to Murray’s perpetual crisis mode and embrace of change. Like  Murray, 
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Allen was very much attuned to the political context, as his experience in 
Washington attested, but he preferred quiet negotiations to public campaigns 
and political lobbying. Indeed, his neglect of public appearances would cost 
JPL. Allen similarly shunned the visionary approach, although he too could 
demonstrate enthusiasm for far-out projects and for space science itself; 
his evident interest in science and technology would win over lab staff and 
Caltech faculty. Finally, Allen was not so straitlaced as his image suggested: 
an occasional twinkle in his eye betrayed an understated sense of humor, and 
he liked to skydive and fl y hot-air balloons in his spare time.2

Above all, whereas Murray generated enthusiasm and imagination, Al-
len commanded respect. Within higher circles in the military and aerospace 
communities, Allen enjoyed a reputation for probity and keen intelligence, 
and Caltech was quick to capitalize on his availability.3 When he was fi rst 
named, however, Allen’s military background was his most conspicuous trait. 
Caltech president Goldberger and Allen were sensitive to perceptions that 
the institute selected him as a former general whose connections could bring 
in defense work. Allen stressed that his main interest would be planetary 
exploration, not defense, and he and Goldberger agreed that he would use 
the title “Dr.” instead of “General.” To those who asked, as did several local 
and national publications, why a military man was chosen to lead the civil-
ian space science lab, Bruce Murray replied that, on the contrary, military 
experience would help the director judge what the lab should and should not 
do: “Allen will be a very good buttress against the people who might want 
to push JPL further into DOD work than it should go.”4

Allen did bring deep experience with military space missions and technol-
ogy, which would prove useful for JPL’s growing participation in military 
programs. But the importance of the military as a stopgap sponsor decreased, 
owing to NASA’s revitalization of the planetary program early in his tenure. 
Allen thus presided over a remarkable turnaround, from the pessimism of 
Black September 1981 to optimism by early 1983, and his main problem be-
came not generating business, but fi nding people and facilities to handle all 
the work. The military, however, would continue to provide important sup-
port for advanced technology research at JPL, with long-term consequences 
for the planetary program.

Star Wars

When Allen came on board JPL had already undertaken two major projects 
for the air force: Autonomous Spacecraft and Talon Gold, for acquisition, 
tracking, and pointing. In late 1982 they combined for about one-third of 
defense work, but the different institutional approaches and “cultural prob-
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lems,” as Allen called them and which Murray had identifi ed, continued to 
hinder relations with the air force.5 Projects like Talon Gold, which related 
to missile defense, soon received a tremendous boost. Ballistic missile defense 
attracted increasing attention in the late 1970s, and then in March 1983 Presi-
dent Reagan called for a crash program, what would be named the Strategic 
Defense Initiative (SDI), more popularly known as Star Wars.6

In February 1984 DARPA, the primary sponsor of Talon Gold, decided 
that for SDI projects the NASA mode of “one of a kind” missions was more 
appropriate than the air force’s aim of operational weapons systems. DARPA 
thus asked JPL to take an expanded role not only in Talon Gold but in the 
two associated aspects of the “Triad” laser project: Alpha, for a high-power, 
ground-based laser, and LODE (Large Optics Demonstration Experiment), 
for an advanced electro-optical system in orbit with a four-meter mirror. 
Although JPL had maintained small research programs on lasers since the 
1960s, it declined to take over Alpha because it involved “devices used for 
destructive purposes” and the design of actual weapons systems. The optics 
part, LODE, was more tempting because of its relevance to astronomy. Al-
though the lab declined that specifi c job in the end, it did undertake a similar 
project for the SDI program offi ce two years later. Called the Space Relay 
Experiment, this project involved an orbital mirror and optics system to relay 
a laser beam from one ground station to another.7

The acquisition-tracking-pointing work under Talon Gold meanwhile led 
to a new project, also under the SDI offi ce, in early 1985, which would soon 
be dubbed Pathfi nder (not to be confused with the later Mars Pathfi nder, a 
civilian planetary mission).8 The SDI Pathfi nder experiment, a complex ar-
ray of instruments to fl y on the space shuttle, aimed to observe the booster 
plumes of ascending missiles in infrared, visible, and ultraviolet wavelengths 
and then to continue tracking the missile with strict pointing stability at high 
slew rates. In particular, JPL was pushing ultraviolet observations, based on 
its experience with CCDs, against the military’s preference at the time for 
infrared detectors, which required complex cryogenics.9 Pathfi nder initially 
involved a $100-million effort; the detectors would come from contractors, 
but JPL would build the precision pointer in-house, since it related to work 
underway on the Mariner Mark II planetary spacecraft. The experiment was 
slated for a shuttle fl ight in late 1987, but the Challenger shuttle explosion 
in January 1986 delayed plans and the Pathfi nder apparently never fl ew. It 
did, however, occupy up to 70 staff for about two years, and the acquisition-
tracking-pointing work in general had sustained similar levels since 1981. JPL 
did fl y an ultraviolet detector on SDI’s later Delta experiments, although its 
engineers never overcame the military’s attachment to infrared detection.10

JPL’s work suggests a corrective to popular perceptions of Star Wars, 
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which commonly focus on exotic beam weapons, such as nuclear-pumped 
X-ray lasers. Most of the initiative focused on less dramatic technologies, 
especially sensors and mechanisms for automatic acquisition and tracking, in-
stead of the destruction phase. As James Fletcher, chair of the SDI Defensive 
Technologies committee, testifi ed in Congress in March 1984: “The popular 
press has emphasized the exotic nature of certain technologies included in 
our study. . . . I feel compelled to set the record straight on this illusion. 
Our recommended program does not concentrate on so-called ‘Star Wars’ 
weapons. The directed energy area, which I suppose has elicited the most 
attention, is less than a fourth of the program. The largest portion of the 
recommended effort is to develop effective surveillance, acquisition, tracking, 
and assessment sensor systems.”11 The SDI budget would consistently stress 
sensors over directed-energy research in ensuing years.12

The popular attention to beam weapons, combined with the public advo-
cacy of Edward Teller and his protégé Lowell Wood, has resulted in a focus 
on Livermore as the main SDI laboratory, which neglects the much broader 
permeation of American scientifi c institutions by Star Wars research. JPL not 
only worked on the key technologies but also helped defi ne the parameters 
of SDI itself, by participating in the SDI Pilot Architecture Study from 1984 
to 1985. Jack James, Ronald Boain, and Clifford Cummings of JPL worked 
on the study, and Schurmeier served on its executive review panel.13

Star Wars, however, also rekindled debate over the propriety of defense 
work. For some engineers and scientists at JPL, the absence of defense work 
had been a prime attraction of employment—the chance, as one put it, “to go 
home and tell their kids what they do for a living.”14 The increasing military 
presence had already begun undermining this attraction; in May 1982 Allan 
Klumpp and 40 other lab staff denounced the “creeping militarism” of JPL 
in a letter to the Los Angeles Times.15 Star Wars spurred broader considera-
tions. In 1985 lab employee Paul Weissman, in a letter to Allen, criticized 
several consequences of defense work, including moral and political implica-
tions. Star Wars projects seemed to go beyond research into development of 
weapons systems. The cost and diffi culty of the SDI concept and its strategic 
implications furthermore suggested that JPL refuse to work on it: “Are we 
not treading on . . . dangerous ground in pursuing SDI, a program that has 
been heatedly debated around the nation as unworkable, unaffordable, and 
destabilizing to the nuclear arms race?”16

Caltech faculty likewise raised wider objections to SDI research. A group 
of professors and students organized a “Committee against Space Weapons” 
that sought to circulate protest petitions and organize critical forums on 
campus and at the lab. The initial round of protests in the summer of 1984 
forced JPL to take a stand on political activity. Since JPL was not a civil 
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service lab, NASA allowed political activity by lab staff.17 But since JPL was 
government property, Allen decided that lab facilities could not be used “for 
the advocacy of any particular political or social issue or cause,” as he put 
it to one of the organizers, ruling out petitions or any sort of gathering.18 
Although some JPL staff spoke out against defense work and Star Wars, the 
protests seemed to gain more traction on campus. A petition drive in 1985 
netted 500 signatures on campus, including those of 6 Nobel laureates. The 
previous summer, after Goldberger allowed the group to organize as long as 
they disavowed offi cial association with Caltech, senior lab managers Schur-
meier and Robert Parks criticized the politicization of campus. Parks wrote 
Goldberger, “Our impression [at JPL] is you are leaning over backwards to 
be as lenient as possible and we would tend to be slightly less lenient.”19

The proposals to expand Talon Gold in early 1984 renewed campus at-
tention to JPL programs. A series of faculty meetings debated not just the 
effects of classifi ed defense work, but also whether Caltech should consider 
moral and political objections.20 At a meeting on 6 June, professor Barclay 
Kamb, identifying a “moral issue,” declared, “the United States is making 
a grave error in entering into star wars” and asked “whether the Institute 
should support the nation in error through work at JPL.” Goldberger sought 
to leave aside such concerns, despite his personal opposition to SDI on tech-
nical and strategic grounds: “Private disagreement of any part of the Caltech 
community with the President’s aspirations for the SDI . . . is not a proper 
basis for Caltech to make a decision as to whether to undertake the proposed 
work.”21

Goldberger continued to suggest that politicians defi ned national policy, 
which citizens then followed; the role of Caltech lay not in “a dramatic 
gesture” of disobedience, but rather in public education to induce changes 
in policy. Faculty, however, persisted in criticizing SDI as “‘morally repug-
nant’ research” and insisting that “political concerns are relevant”; “a policy 
of ruling out political considerations amounts to putting ‘our heads in the 
sand.’”22 In response to the campus protests, Schurmeier and James drew 
up guidelines for defense programs. In addition to existing requirements 
for unclassifi ed descriptions of each project to allow campus oversight, the 
guidelines declared that “JPL will not pursue work on weapons systems,” to 
placate apparent campus concerns that the lab would be building operational 
hardware for combat. The guidelines acknowledged, however, that much of 
the work would “have relevance to eventual weapon development,” which 
begged the question of where to draw the line.23 The adaptive optics of the 
LODE experiment seem to have involved too much of the business end 
of a laser weapon, which helped persuade JPL and Caltech to decline the 
work. The pointing device in Talon Gold, by contrast, appeared acceptable 
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to Goldberger as a “component,” as opposed to a weapon system, and as an 
experimental device “3 to 5 orders of magnitude away from any conceivable 
weapons capability.”24

A system of Caltech committees helped oversee the defense work. The 
faculty committee on classifi ed research, set up in 1980 and chaired by Robert 
Christy, reviewed new defense proposals with Schurmeier from JPL.25 Far 
from isolating the lab from campus, classifi ed work thus appeared to increase 
campus involvement, as faculty were now poking their noses into the early 
defi nition and negotiation of JPL proposals. But the oversight committee 
seems not to have taken an activist stance. Although several members had 
appropriate clearances, Christy did not have one himself and the committee 
work was unclassifi ed.26 Amid the Talon Gold debate in 1984 the committee 
did set up a cleared subgroup that could receive classifi ed briefi ngs. Gold-
berger also created a broader advisory committee on JPL in January 1985, 
chaired by engineering professor Fred Culick and charged with considering 
the overall policies and direction of the lab, including the presence of both 
secret and unclassifi ed defense work.27 The trustees meanwhile set up their 
own cleared subcommittee to review classifi ed work.28

In addition to persistent moral and political concerns about Star Wars, 
the practical effects of secrecy raised hackles on campus. Culick’s committee, 
reporting to the faculty in late 1985, accepted the need for some classifi ed 
work but announced, “We are nervous.” Even work undertaken within the 
guidelines “may slowly erode the Laboratory’s special relationship with the 
campus.” Although less than 5 percent of lab work-years went to classifi ed 
work, Culick observed that a much higher percentage of staff dealt with 
classifi cation because of part-time involvement. He added that “many JPL 
employees were uncomfortable with the Lab’s classifi ed activities but there 
seemed to be no alternative to taking on work for DOD.”29

As Goldberger pointed out, however, the only classifi ed aspects of Talon 
Gold were the launch dates, pointing accuracy, and slew rate, so that faculty 
could gain a good general idea of the work.30 Furthermore, the military was 
not the only source of secrecy: Goldberger viewed proprietary research for 
industry alongside classifi ed military research as “moral equivalents” and 
banned both from campus.31 The issue of technology transfer, a hot topic at 
the time owing to declining American economic competitiveness, could also 
limit publication of unclassifi ed work; NASA, for example, reviewed JPL pa-
pers submitted to unclassifi ed conferences on photo-optics and space-borne 
imaging radar for industrial as well as military relevance.32 In this context, 
and amid the general mobilization, JPL and Caltech accepted the presence of 
SDI programs despite the principled protests and the practical hassles.



Rise and Decline of Defense Programs • 131

The Arroyo Center

Campus faculty opposed Star Wars programs on moral or political grounds; 
but as a technological project, SDI meshed with JPL’s disciplinary orientation, 
even if some scientists and engineers thought the mission technologically 
impossible. Different sorts of opposition arose against another defense initia-
tive in the early 1980s, a think tank called the Arroyo Center. The Arroyo 
Center aimed to draw heavily on the humanities and social sciences and hence 
represented a disciplinary departure from the JPL program. Its proposed for-
mation sparked heated debate on campus over JPL’s mission and its relation 
to campus and also tapped internal tensions at Caltech between faculty and 
administration, and between technical and nontechnical disciplines.

The Arroyo Center episode emerged from the army’s plans for a think 
tank. The air force had Rand and the navy had the Center for Naval Analysis 
at the University of Rochester, both of which pursued studies of technical 
programs, tactical and strategic doctrine, and policy and hence engaged such 
disciplines as economics, political science, history, and psychology in addi-
tion to technical fi elds.33 In 1978 the army, then recovering from Vietnam and 
contemplating recent Soviet technological advances, started identifying candi-
dates for its own think tank, and in May 1982 it approached JPL about “what 
might be described as a Rand Corporation for the Army.” The proposal 
drew on the existing relationship between the army and JPL and allowed 
the army to avoid the creation of a new, separate lab, a step Congress would 
likely disapprove. JPL set up a study group, which noted possible concerns 
about campus participation, classifi cation, and academic credibility but also 
touted the potential relationship with the army.34 Goldberger approved, and 
in September the Caltech board of trustees authorized JPL to contract for an 
Army Analysis Program for three years, not to exceed $15 million per year, 
and the army provided $2 million for 1983 under a block grant to NASA. 
The justifi cation stressed the development of a top-level relationship with 
the army that would generate even more business.35

The proposal envisioned a center with about 150 staff. At the time JPL 
had less than 10 percent of its work for the DOD, and so the army program 
would not push against the 30 percent limit. Although Goldberger backed 
the plan, he approached it “with some caution” and brought the issue before 
the faculty board that October. Goldberger recognized that the program 
“would be signifi cantly different from the past efforts of the lab.” Work in 
operations research, game theory, and decision analysis might require new 
hires. The army aimed to capitalize on Caltech for some of this work and 
involve faculty in the research projects, and it also hoped to send some of its 
offi cers to Caltech under an educational program. The issue of  classifi cation 
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reappeared, although Goldberger assumed much of the work would be un-
classifi ed. Finally, “will this new entity simply respond to tasks set it by the 
Army, or will it have an opportunity for independent research?” In other 
words, what would the project do, who decided that, where would it be 
located, and what would be its relation to campus?36

The faculty expressed reservations. Military think tanks had acquired 
sinister connotations in the 1960s for their involvement with nuclear strat-
egy and the Vietnam War; one faculty member “shuddered at references to 
Rand.” Others worried about JPL’s expansion into policy analysis, especially 
when even its technological competence appeared to be slipping, and some 
questioned the association with the army instead of the navy or air force, 
whose technologies seemed closer to JPL’s experience. Finally, faculty feared 
that they faced a fait accompli since the project was already months into the 
defi nition phase. Goldberger assured them that the proposal was still open for 
discussion. He had formed a special committee in September under Picker-
ing, which included two faculty members as well as several outside defense 
advisors, to provide a forum for the various issues (although Goldberger, to 
placate concerns, doubled the faculty representation to four members).37

The Pickering committee, however, would only encourage perceptions 
of a done deal. Its report to the faculty in December 1982, one professor 
noted, “does not appear to be a discussion of whether to go ahead with this 
project, but rather of what it will look like.” The committee recommended 
that the program start small and grow slowly, with an initial staff of 25 to 40 
professionals; that it have 25 percent of its budget for discretionary studies 
not requiring army approval; and that it have the right to reject any research 
topics. It also recommended the appointment of an all-faculty committee to 
consider the program.38

Faculty disagreement simmered behind the scenes. When Pickering cir-
culated a separate memo extolling the program, the other faculty members 
castigated him for presenting his own views as those of the committee as a 
whole.39 One of those members, Fred Culick, had earlier written to Pickering 
of “ill-founded expectations” and “a serious mismatch” between the army’s 
goals and the character of JPL and, especially, campus: “there is practically 
no professional commitment by Caltech faculty in their work on campus to 
the subjects involved.” Culick thus questioned Caltech’s sponsorship of the 
center through JPL. More broadly, he concluded that the shift to defense 
work was leading JPL away from campus interests.40

The faculty committee appointed by Goldberger, however, was directed 
to keep the faculty at large informed about the evolution of the program—not 
ask whether it should exist at all—and to insure that it met JPL and Caltech 
standards. Its chairman, William Bridges, admitted to the faculty board that 
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it did not “examine the ultimate rationale for the program.” That did not 
placate the professors. Kip Thorne pointed out that the army think tank 
departed from the original motive for DOD work of keeping JPL staff on 
tap; “Now . . . we are hiring people from the outside to do work which is 
not within the existing expertise of JPL.” Marshall Cohen added that Mur-
ray had originally proposed a small and narrow defense program for a short 
time frame, whereas the new program looked broad and long-lasting. The 
members of the faculty committee replied that the program provided a source 
of insight into the army’s problems, which would then help the lab compete 
for army technology work. As for size and duration, no sponsor would 
agree to only a short-term relationship, and 150 people would be less than 
the 270 lab staff currently engaged in defense work and only a small fraction 
of total lab staff.41

Faculty reservations and committee studies did little to divert the center’s 
growing momentum. Bud Schurmeier took the initial lead in organizing it 
and Martin Goldsmith then served as program manager, and in March 1983 
Allen appointed a search committee for a permanent director.42 At that time 
the project had 20 staff, most of whom came from JPL; the project thus 
fulfi lled the purpose of keeping lab staff on tap.43 The existing contingent of 
economists and systems analysts at the lab, many of them engaged either in 
defense or the dwindling energy program, provided enough people to get the 
center off the ground, if not enough for all of the eventual staff.44 But JPL 
employees did not fl ock to the program, and the staffi ng challenge perhaps 
encouraged lab leaders to embrace a slow buildup against the initial desires 
of the army for “getting the show going.”45

The staff of the center concentrated in four broad areas: military tech-
nology, which made use of engineering expertise; force utilization, such as 
war-gaming and simulation, which required operations analysis and game 
theory; support systems, including logistics, training, and recruiting, which 
employed economists and business administrators; and national security, 
which entailed studies of the political, economic, and geographic environ-
ment. The effort was entirely analytical, with no lab research.46 The lab chose 
for the fi rst director Richard Montgomery, a Caltech PhD who worked 
for R&D Associates, across town in Marina Del Rey, and also chaired the 
Army Science Board. Montgomery started work in October 1983. In May 
the program had acquired the name of the Arroyo Center, which referred to 
the nearby Arroyo Seco and was otherwise acceptably ambiguous.47

The gathering momentum revived faculty fears of a fait accompli. After 
the Bridges oversight committee reported on the project in November 1983, 
the steering committee of the faculty board raised several objections: Caltech 
should not, “in the absence of a recognizable national emergency,” take 
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 responsibility for a lab “substantially directed toward classifi ed research.” 
Furthermore, “The name of the California Institute of Technology should be 
associated with the highest levels of scholarship particularly in science and 
technology and should not directly serve as a hallmark for other endeavors,” 
a veiled reference to the social sciences.48

At the subsequent faculty meeting in December, Goldberger acknowl-
edged that “there were and are negative aspects to the relationship to which 
I was insuffi ciently sensitive” and apologized for “inadequate” consultation 
of the faculty. The underlying issues, which the faculty chose not to air in a 
formal meeting, tapped not only long-standing disdain for JPL on campus 
but also interdepartmental politics, especially between the scientifi c and en-
gineering disciplines and the social sciences, and friction between the faculty 
and Caltech administration.49

The location of the Arroyo Center presented the main issue.50 The faculty 
assumed that the center would sit on the lab site; the lab, however, had no 
room for it and sought to lease a permanent site “within walking distance 
of campus.”51 Physical proximity would help satisfy the army’s desire for 
faculty participation. But campus faculty speculated that the Arroyo Center’s 
location, as well as its name, were intended to distance it from JPL and in-
stead link it to Caltech.52 Faculty feared the “closeness of a classifi ed opera-
tion to Campus” and, what was more important, “contamination of [the] 
Athenaeum,” the exclusive faculty club, by center staff.53 The faculty thus 
abandoned their earlier preference, expressed in the debate over classifi ed 
work in 1980, for the physical segregation of secret research from JPL. They 
wanted to keep the lab clean, but not if it meant soiling the campus.

Also at issue was the program. The Arroyo Center seemed to violate the 
guideline that defense work should draw on the lab’s technical strengths. 
Because the emphasis on social science and the humanities departed from 
the existing expertise of JPL, the army sought connections with campus, but 
Caltech likewise had traditionally emphasized science and engineering. Hu-
manities had been present since the formation of the campus, and in the late 
1960s Caltech had begun to strengthen the social sciences, adding a number of 
eminent faculty, much of whose research, especially in economics and social 
sciences, displayed a quantitative bent that resonated with systems analysis. 
Nevertheless, the perception persisted among the faculty that “using humani-
ties is not using Caltech,” and some scientists and engineers on campus still 
wished they could get rid of their colleagues in social sciences.54 They thus 
did not welcome the possible presence of a new group of nonscientists. Not 
only might the Arroyo Center pollute the faculty club, but with the worst 
sort of people: “social scientists don’t get to [the] Athenaeum.”55

Several other issues complicated the debate: classifi cation; procedures for 
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campus oversight; faculty and student participation; how to hire top- quality 
staff in the rapid buildup; and relation to the rest of the JPL program.56 Fi-
nally, behind all of these issues lurked residual mistrust between campus and 
the lab, evident in such statements as “Some faculty just don’t like JPL” and 
in constant faculty invocations of Caltech’s high standards, which suggested 
that JPL research did not always live up to them.57

In short, JPL wanted the Arroyo Center close to campus since there 
was no room at the lab and since the army wanted faculty involvement; the 
faculty feared the proximity of classifi ed work and shoddy social scientists 
and resented the perceived misrepresentations of Goldberger. The debate 
devolved into a standoff between Goldberger and the faculty. Professors 
complained that Goldberger “just hasn’t leveled with faculty,” especially 
about the location, and felt they were being railroaded. Goldberger, mean-
while, dug in his heels and did “not want to give in to Faculty” by backing 
out of the project.58

In January 1984 JPL and Caltech administrators tried to stem the rising 
tide of opposition. Pressed by Goldberger, JPL retreated on the location is-
sue, even though it had already entered negotiations on a lease. The Arroyo 
Center would move to the main lab site, though this would displace NASA 
programs, to NASA’s displeasure.59 But Allen thought also of the interests of 
the army and raised the possibility of renouncing the center altogether: rather 
than string along the sponsor, he urged a quick decision to allow the army to 
move on if Caltech could not commit. The JPL managers involved with the 
center responded that the military would view Caltech “as less than depend-
able in its commitments” and predicted a “‘ripple effect’ on JPL programs for 
the Army.” The army had negotiated its agreement with Caltech and the lab 
“in good faith” and invested nearly two years in the program. Montgomery 
warned that “the debate within Caltech surrounding the Arroyo Center is 
widely known in the defense community.”60 Montgomery also wondered 
why JPL was letting campus faculty “dictate JPL internal administrative 
decisions, such as the site of leased offi ce space.”61

Matters came to a head at a well-attended faculty meeting on 30 January 
1984. The issue was dividing the faculty among itself and from the adminis-
tration and was receiving prominent play in the local press.62 Goldberger and 
Rochus Vogt, now the Caltech provost, presented two options to the faculty: 
divestment, which they discouraged, or the current course.63 The lab’s efforts 
to defuse the location issue did not appease the assembled professors. After 
an hour and a half of intense debate, an “overwhelming” majority rebuked 
the administration and voted to divest “at the earliest possible time.”64 Al-
though the faculty at Caltech did not have the formal power of colleagues 
at some other universities, in practice they wielded informal infl uence over 
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the president thanks in part to their scientifi c stature, and no administrator 
could hope to govern the campus without faculty support. The faculty vote, 
though offi cially nonbinding, sealed the fate of the project, especially after 
Richard Feynman, a legendary fi gure on campus, stood up and said that 
Caltech should get rid of the Arroyo Center at once.65

In September 1984 the army, which had sought to avoid creating a new 
laboratory from the outset, decided to transfer the center to Rand. The Ar-
royo Center closed at JPL in January 1985 and remains at Rand today.66 
The center collapsed at JPL because of competing conceptions from three 
parties—lab, contractor, and sponsor. Lab managers perceived it, like the 
rest of defense work, as a way to keep lab staff on tap while contributing to 
national security. But hardware-oriented JPL engineers were not the sort of 
analysts the army wanted, and the center required instead some new hires. 
The on-tap justifi cation for defense work applied only indirectly, as a sort 
of market survey of army programs. The army, for its part, perceived the 
Arroyo Center as an analysis organization drawing on the social sciences and 
humanities at Caltech, and hence encouraged physical proximity to campus. 
The close military association, however, perturbed Caltech faculty, who also 
stressed their traditional technical focus and lack of respect for the social sci-
ences. The fate of the Arroyo Center demonstrated the distance, physically 
and programmatically, between the laboratory and the campus.

Back to the Army

The army did not hold a grudge. Although Star Wars programs attracted 
much attention and constituted substantial portions of JPL’s defense work, 
the main military sponsor in the 1980s was the army. JPL returned to its origi-
nal sponsor not for rockets, but now for battlefi eld simulation and command, 
control, communications, and intelligence (C3I), derived from its experience 
in information systems and systems engineering. The lab under Murray had 
already undertaken the MAFIS (Mobile Automated Field Instrumentation 
System) and SAWE (Simulation of Area Weapons Effects) projects, which 
integrated electronic sensors and computers with the army’s training exer-
cises. In July 1982 the army began discussing a new project, called the All 
Source Analysis System (ASAS), to extend electronics and computers into 
the actual battlefi eld to cut through the fog of war. The system comprised 
computer workstations mounted in trucks or trailers, which would combine 
data from satellites and airplanes as well as the fi eld and then display it in a 
quickly useful form; it would thus channel the fl ood of information while 
at the same time allowing fi eld commanders to focus on particular areas of 
a battle or pull up certain intelligence sources in real time. The army soon 
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chose to collaborate with a similar project under the air force, called the 
Enemy Situation Correlation Element (ENSCE), and together the services 
chose JPL to manage ASAS/ENSCE.67

JPL managers perceived several benefi ts: “This effort will utilize some of 
the most advanced and sophisticated sensor and computer systems in cur-
rent Army and Air Force inventory. It will provide signifi cant challenges in 
the areas of communications, data handling/processing, graphic displays, 
command and control. . . . Furthermore, it provides JPL the opportunity to 
manage a major project in the mode it has performed on NASA space mis-
sions.”68 It also provided substantial support. Conceived as a “crash project,” 
it quickly built up to engage 180 staff by March 1985, close to 40 percent of 
all defense work.69 But ASAS had associated costs in headaches. It came with 
a high classifi cation level of SCI (Sensitive Compartmented Information).70 
Although it drew on skills in information management, such as the integra-
tion of spacecraft telemetry into ground data systems, Allen acknowledged 
that “we have little background” in the particular systems involved.71 The 
army then could not decide what it wanted, changing the specifi cations as 
new technology became available. The constant redefi nitions of the job frus-
trated JPL managers trying to freeze the design in order to build a baseline 
system for production.72

The military meanwhile worried about JPL’s commitment. General James 
Ambrose early expressed concern that the army “be treated as [a] fi rst-rate 
customer, not as buffer.”73 The memorandum of understanding by the army 
and JPL of 1982 placed a limit of 300 work-years on army work, refl ecting 
concerns that NASA would view army programs as not so relevant but also 
thus irritating the army.74 ASAS had occasional trouble obtaining staff, ap-
parently because of fears that defense work was a career dead-end. Defense 
manager Philip Eckman recalled a sense of “unease” about ASAS, owing to 
the view that it “wasn’t mainstream JPL.” Managers complained that critical 
personnel were leaving the project for “more important” assignments, and 
replacements had to wait to obtain high-level clearances. To forestall deser-
tions, Allen declared the project a high priority, equivalent to that of major 
NASA fl ight projects.75

The military benefi ted in the long run. JPL adapted to changing plans and 
eventually produced a system, fi rst tested in fi eld exercises in 1985, refi ned 
into a fi nal product by 1989, and then deployed in the Gulf War.76 Duane 
Dipprey, who succeeded Jack James as defense program manager, visited 
army headquarters in West Germany regarding some other work but found 
the commanding general preoccupied by ASAS. The general viewed it as his 
most effective weapon to balance the overwhelming Soviet forces: “That’s 
all he wanted to talk about, that he was absolutely ecstatic about it.”77 JPL 
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thus played a little-recognized role in the transformation of combat, from the 
fi eld commander wielding binoculars and radios while perusing unscrolled 
maps, to the arcade of graphic displays and real-time satellite data links that 
have come to constitute the electronic battlefi eld.78

High Tide

The ASAS/ENSCE project remained by far the largest single defense pro-
gram at the lab through the 1980s and helped make the army the main mili-
tary sponsor; less than 30 percent of military work concerned space in 1985, 
although that would increase thanks to Pathfi nder and SDI.79 Defense work 
in general was limited to 30 percent of the total program in terms of work-
years, but amid the Arroyo Center fl ap Goldberger revised that to 20 per-
cent, with all non-NASA work—including energy—capped at 25 percent. 
Defense work bumped against the lower ceiling only in 1987, when it rose to 
21 percent after the Challenger disaster. But because of a greater amount of 
subcontracting, defense programs provided a much larger fraction in terms 
of dollars instead of work-years: 35 percent of JPL’s budget in 1987, or $355 
million, came from defense, close to the 40 percent ($390 million) provided 
by NASA for space science.80

Military work continued to intersect diverse fi elds. The air force helped 
fund the SIR-B imaging radar experiment in 1984, and along with the navy 
it supported SIR-B analyses to test the possibility of cruise-missile detec-
tion; DARPA then supported later work on the synthetic aperture radar, 
which led to airborne tests of submarine detection off of Scotland in 1989 
and 1991.81 The air force also helped fund data processing from the IRAS 
telescope, to “acquire improved IR signatures of selected orbiting objects 
and full sky background.”82

A substantial program through the middle of the decade concerned war-
gaming and simulation, which combined techniques from operations research 
and game theory with the electronic computer to evaluate combat strategies 
and tactics. The fi scal, environmental, and political costs of fi eld exercises, 
especially in foreign countries, encouraged the military in the 1980s to boost 
support of simulation, and JPL’s skills in computer networking, visualization, 
and image processing attracted military sponsors.83 By 1985 war-gaming had 
become the second largest defense program at JPL, occupying about 40 staff, 
many of them software programmers. When Allen proposed scaling back 
the work the following year, General Fred Mahaffey, head of U.S. Readi-
ness Command, replied that “no others in the simulation fi eld have matched 
your level of success. . . . JPL has a unique array of expertise . . . ranging 
from simulation skills to worldwide networking of computers and commu-



Rise and Decline of Defense Programs • 139

nications.” Mahaffey appealed to Allen that “your simulation expertise has 
become, in a very real sense, a national asset.” The lab agreed to continue 
until industrial contractors caught up to its capabilities; meanwhile it signed 
an agreement with the Readiness Command for a long-term effort of about 
60 work-years per year.84

Allen’s attempt to scale back the war-gaming stemmed from a glut of 
work. The variety of programs led to early criticism within JPL that defense 
marketers had “sought work on too broad a front.”85 By mid-1983 defense 
programs had more than 350 work-years, and James was proposing “a re-
alistic scenario” of defense work peaking at 750 staff in 1985, then holding 
steady at around 600, and certainly “no less than 500.” But as the planetary 
program recovered, managers reached a consensus to cut defense instead of 
NASA programs.86 By 1985 the defense program had its staff allocation cut 
below 500 and was fending off further cuts to 400 staff.87

By seeming to run back to NASA when the planetary program revived, 
JPL might have confi rmed earlier military doubts about the depth of its 
commitment to defense. The staff shortage led the lab to decline or delay 
military programs, including several SDI missions.88 The loss of the space 
shuttle Challenger in 1986 and the associated hiatus in planetary launches, 
however, revived defense programs. By 1987 the total lab budget had doubled 
from 1983, to more than $850 million, with much of the increase courtesy 
of the military; and total lab staff had climbed past 5,000, with about 1,000 
work-years going to defense.89

Defense work gradually declined through the end of the decade, espe-
cially as ASAS started ramping down with nothing of comparable size to 
replace it. NASA business increasingly pressed the limits of staff and facilities, 
and then the end of the cold war squeezed military programs in the early 
1990s—not so much through budget cuts, since military R&D budgets in fact 
held steady, but rather through competition from military labs and aerospace 
fi rms seeking new business. By 1992 defense work had dropped to about 7 
percent of the program, with 234 work-years.90 But defense work did not 
disappear altogether, and its legacy would prove crucial to the subsequent 
evolution of JPL.

Effects of DOD work

The primary motivation for defense work was to keep experienced staff 
on tap for future planetary programs. How well did it serve this purpose? 
In February 1983, of the 270 people working in defense, 260 had been at 
the lab previously. As Goldberger concluded, “defense work, therefore, in 
general has gone a long way to keep people at JPL.”91 Would these people 
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have  otherwise left the lab? Did defense work attract only the second-string 
engineers, people whose absence would not have hurt the planetary pro-
gram? One can identify several individuals in defense projects who would 
return to leading roles in planetary exploration: the Pathfi nder experiment 
had David Evans and Glenn Cunningham as managers and Wesley Huntress 
as project scientist; Anthony Spear was a lead manager on ASAS and other 
army programs.92 In the 1990s Evans and then Cunningham would serve as 
project manager for Mars Observer, and Cunningham later ran Mars Global 
Surveyor; Spear would manage Magellan and the other Pathfi nder, the Mars 
mission of 1997; and Huntress directed NASA’s space science offi ce. It is 
doubtful that any of these people would have left JPL without defense assign-
ments, but amid the dearth of deep-space missions, defense projects provided 
an opportunity for up-and-coming staff to get management experience.

Defense work at times diverted staff from the main mission. At the top 
levels, Bud Schurmeier and Jack James devoted their extensive experience 
to defense, not to planetary exploration. At lower ranks, ASAS borrowed 
programmers from Galileo’s fl ight-software development, the autonomous 
satellite project appropriated Voyager engineers, and SDI experiments tapped 
Galileo and Cassini project staff. One engineer complained to Allen that “key 
personnel are being siphoned off to the military projects at the expense of 
planetary programs” and that “the military projects are hurting the scientifi c 
programs they were meant to protect.”93 Although Galileo manager John 
Casani tolerated the temporary loan of engineers to the SDI Pathfi nder ex-
periment, others, such as W. E. Giberson, head of the fl ight projects offi ce, 
objected to such assignments.94

Defense programs brought back secrecy to JPL, with high-level clearances 
for staff, restrictions on publication, and the associated apparatus of secure 
facilities and document handling. Military research also exposed divisions 
within the lab as some staff refused to work on defense programs while oth-
ers resented the political activity of SDI protesters.95 More prominent were 
the fi ssures between lab and campus. Professorial pronouncements on the 
immorality of SDI research could rouse resentment at JPL. Faculty mean-
while feared that lab managers were pursuing programs of dubious military, 
technological, or political value, and which, in the case of the Arroyo Center, 
threatened to contaminate the campus itself with a military presence.96

The campus criticism suggests a changed environment for American sci-
ence in the later cold war, when academic scientists did not readily accept 
associations with military research. Unlike the early cold war, when ques-
tions about military sponsorship were soon swamped by the consensus of 
anticommunism, in the 1980s students and faculty at many leading campuses 
protested the renewed military mobilization.97 On the other hand, the Caltech 
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trustees noted less concern over defense work in the mid-1980s than there 
had been fi fteen years earlier at the peak of campus criticism of military 
associations.98 One aspect of the context had not changed, namely, the cold 
war itself. Scientists, labs, and universities still proved willing to continue 
or revive partnerships with the military, albeit with greater scrutiny and 
against some opposition. Thus principled protests against Star Wars did not 
prevent acceptance of the partnerships, albeit within certain constraints. The 
Arroyo Center fl ap meanwhile was driven by less lofty squabbles between 
the faculty and campus administration, and between the technical and social 
sciences. Lew Allen perceived that only a vocal minority really cared about 
the issue, most Caltech professors being too much immersed in their own 
work to bother with it.99

The common portrayal of JPL as a “national laboratory,” and hence ready 
to serve national priorities, helped justify its mobilization. And JPL made 
important contributions to defense at a time when national security was a 
high public priority. In addition to its work for the crucial tracking-and-
pointing sensor programs of SDI, JPL made particular and little recognized 
contributions to war-gaming, combat simulation, and the general transfor-
mation to what has become the electronic battlefi eld, earning it appreciation 
from military commanders.

 JPL’s pursuit of military programs did lead it further from the interests 
of campus. At the same time, however, defense work increased Caltech’s 
intervention in JPL affairs, through the oversight of lab programs by faculty 
committees. Campus oversight required faculty to obtain clearances and enter 
the classifi ed community. It also raised a key question, identifi ed by com-
mitttee chair Fred Culick: “who decides in advance what constitutes desir-
able JPL work?” The federal government assumed the prerogative to review 
JPL’s proposals, since it was paying for them, and thus would likely object to 
Caltech faculty performing that function; on the other hand, “will the faculty 
accept post-facto, periodic review, discourse, and gradual evolution?”100

The issue turned on the familiar question: was it Caltech’s JPL, or NASA’s? 
There remained no easy answer. But defense work, as with earlier energy 
programs, provided alternative sponsors among the various military services 
and agencies and, as James observed, was “pretty much at the discretion and 
initiative of the JPL management.”101 Pluralism promotes autonomy; instead 
of relying solely on NASA for work, JPL could go out and fi nd business 
itself. Although NASA remained responsible for the lab as an institution, 
defense programs thus increased the independence of JPL from the space 
agency and tilted the triangle more toward Caltech.
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The Dividends of Defense Programs

THE DEFENSE WORK UNDERTAKEN AT JPL, IN ADDITION TO KEEPING PEOPLE 
on tap, had an important legacy in space technology. NASA’s neglect of 
technology development continued into the 1980s; what little technology 
NASA did support emphasized the shuttle and the space station, with a focus 
on the short term instead of the long term. In spite of arguments by Lew 
Allen and other JPL staff that new technology could help cut costs, plans for 
low-budget planetary exploration stressed off-the-shelf components, and as 
a result such programs as electronics and sensors struggled for support.1

Allen made technology development a prime goal for JPL during his 
tenure. He acknowledged the need for conservative engineering on Voyager 
and Galileo but warned that risk aversion would sap JPL’s ability to pursue 
dramatic missions in the long run. In November 1982, one month after he 
joined JPL, Allen wrote to David Packard, head of a panel reviewing federal 
labs: “We have become conservative and slow because of a driving focus on 
cost and space mission success. We need to encourage high-risk technology, 
be bolder and quicker.”2 Bruce Murray and JPL managers had already iden-
tifi ed the military as the cutting edge of space technology, and Allen, who 
certainly knew what capabilities existed for national security, seconded the 
observation. With JPL’s entry into defense work, Allen had a sponsor for 
his technology crusade.3

NASA likewise seemed to acknowledge military leadership, at times 
justifying its neglect of space technology on the grounds that the Depart-
ment of Defense was already supporting it.4 But that policy assumed that 
technologies could jump the barriers of secrecy and bureaucracy between 
the civil and military programs. JPL’s status as a contractor lab provided a 
way around these obstacles: unlike the other NASA centers, which were 
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confi ned to NASA support, JPL could work directly with the military and 
thus integrate civil and military space technology.

The lab’s defense program fostered technology from the outset. By 1985 
small defense technology tasks were supporting about 140 engineers, not 
counting those engaged in such larger projects as ASAS and Talon Gold; this 
work included remote sensing, propulsion and power, materials, autonomous 
systems and robotics, and artifi cial intelligence and software. In 1988 Allen 
stated that about half of all advanced technology development at JPL was 
funded by the military.5 Much of this effort picked up the slack from NASA 
programs. In late 1985, for example, JPL undertook work on CCDs for an 
earth-orbiting reconnaissance spacecraft as the CCD work for Galileo and 
the space telescope wound down.6 Similarly, the military supported work 
on alternatives to chemical propulsion, including nuclear-electric and solar-
electric propulsion.7

Two technologies in particular highlight the importance of military sup-
port: microelectronics and supercomputing. JPL, abetted by Caltech research, 
had unique resources to offer in both of these front-line fi elds that attracted 
military sponsors, and both returned benefi ts to JPL’s main mission in plan-
etary exploration, demonstrating the increasing symbiosis between civil and 
military space in this period.

Microelectronics

In the 1970s JPL began converting its computer designs from hard-wired 
logic boards to integrated circuits, which had logic elements etched onto a 
semiconductor chip. The conversion capitalized on advances in the micro-
electronics industry; in particular, the greatly increased number of elements 
on a single chip enabled by metal-oxide semiconductors and the fl exibility 
afforded by programmable microprocessors. By the end of the decade circuits 
with so-called large-scale integration (LSI) contained up to 100,000 elements 
per chip, and very large-scale integration (VLSI), or 1 million elements, was 
within reach.8 The processing power offered by integrated circuits persuaded 
JPL engineers to incorporate them in spacecraft computers, payload instru-
ments (such as synthetic aperture radar), and the Deep Space Network.9

Military interests supported JPL’s microelectronics push. DARPA, for 
example, provided half the initial funding of a VLSI design center at JPL, 
which was up and running by 1982.10 Before that, however, the lab had laid 
the foundation for a microelectronics program through its energy work. The 
contributions of energy research to space technology are not immediately ap-
parent, since it was at times perceived as technically defi cient, but it provided 
both people and facilities for microelectronics. In 1979 Bud Schurmeier hired 
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Terry Cole to act as the JPL’s chief technologist, especially for the energy 
program. Cole, a chemist and chemical engineer with a joint appointment 
on campus, had previously worked for Ford in thermal-to-electric conver-
sion. Although not technically involved in microelectronics, he perceived its 
importance and initially led the program.11

At lower levels, despite appeals to space spin-offs, energy research had 
proved to require different expertise and led to a number of new hires, bring-
ing skills and techniques that then connected to other programs. In particular, 
photovoltaic research benefi ted not so much spacecraft solar arrays as space-
craft electronics. Photovoltaic cells use semiconductors to convert sunlight 
into electrical current; JPL’s job was to improve the effi ciency of this process 
for silicon solar arrays, which entailed detailed understanding of silicon’s 
properties and its interaction with radiation. This sort of knowledge was of 
prime interest to JPL engineers designing spacecraft computers and sensors. 
The abrupt termination of energy work in the early 1980s cast adrift all these 
solid-state physicists and electrical engineers, many of whom found refuge in 
the microelectronics program. As important were the facilities. The solar-cell 
effort acquired an assortment of tools to produce doped silicon materials, lay 
them down in ultrathin layers, and deposit electrical contacts. Many of these 
devices—chemical vapor deposition, sputtering, molecular-beam epitaxy—
were equally useful in the fabrication of semiconductor microelectronics.12

The microelectronics program thus aimed to combine the semiconductor 
fabrication expertise from the energy program with the circuit design work 
for VLSI, radiation-hardening, and other space electronics. The Departments 
of Energy and Defense provided much of the foundation, but NASA was 
not entirely absent from the effort; on the contrary, it was happy to redeem 
the investments of other agencies. In July 1983 NASA’s manager for space 
science, Burton Edelson, sat in on a meeting of the Caltech trustees’ subcom-
mittee on JPL. Edelson noted the lab’s work in VLSI and also in microwave 
circuits and suggested that JPL could become a national center for micro-
electronics.13 At the time semiconductor fi rms, in addition to the usual in-
dustrial focus on short-term payoffs, shied away from the small product 
lines for high-reliability, radiation-hardened devices, and defense-related 
federal R&D for sensors tended to neglect the X-ray, extreme infrared, and 
submillimeter wavelengths of interest to NASA.14

Edelson’s suggestion fi red the enthusiasm of the trustees and of Allen, and 
by early 1984 JPL had assembled what was known as the Advanced Micro-
electronics Program.15 Microelectronics drew together existing research in 
a unifi ed program, including the people and facilities left over from energy 
work, and capitalized more generally on the lab’s long experience in electri-
cal engineering, going back to its work on radio and guidance in the 1950s. 
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In response to the orange report of 1976, Caltech professor John Pierce had 
extolled JPL’s expertise, especially in signal processing and control and in 
electronic systems, complementing Caltech’s strength in integrated circuits, 
and urged campus-lab collaboration. Pierce added, “The best people there [at 
JPL] are as good as or better than the best Caltech EE faculty.”16 The micro-
electronics program explicitly sought to realize the potential for  campus-lab 
collaboration.17 The initial VLSI effort, for example, drew heavily on the 
“silicon foundry” approach developed by Carver Mead at Caltech, which 
decoupled circuit design from fabrication. JPL engineers began pilgrimages 
to campus to learn the technique and then installed Caltech-licensed design 
software on the lab’s VAX computer.18 Similarly, high-content, content-
 addressable computer memories capitalized on neural network research by 
Caltech’s John Hopfi eld; solid-state lasers for optical communication, on 
work by Amron Yariv.19

Microelectronics also received impetus from within JPL, starting at the 
top. Allen seized on microelectronics as the central theme for his technol-
ogy movement; years later, Allen’s reverence for microelectronics would 
be a running joke in a skit at his retirement ceremony.20 Microelectronics 
acquired an enthusiastic promoter in 1984 when JPL hired Carl Kukkonen 
to take over the program from Terry Cole, who was more a researcher than 
a manager. Like Cole, Kukkonen came to JPL from Ford, where he had 
worked on engine design and hydrogen fuels. Kukkonen had little direct 
experience with microelectronics, but as a PhD in theoretical physics from 
Cornell he had intellectual credibility to back up his considerable entre-
preneurial talent, which he would exercise with great energy on behalf of 
microelectronics at JPL.21

Kukkonen was not content to collect existing work into one program; 
instead he set about expanding the current effort and adding substantial new 
lines.22 In 1985 he convinced NASA to approve a new building, the Micro-
devices Laboratory, to bring the existing facilities and people under one roof 
together with new clean rooms and requisite vibration, temperature, and 
humidity controls.23 But NASA would provide only the building; to outfi t it 
Kukkonen undertook a marketing campaign targeting the military. He found 
a prime sponsor in SDI, which was still ramping up and which perceived a 
way to capitalize on Caltech’s reputation and capabilities through JPL. As 
electronics manager Krishna Koliwad recalled, “SDI came and said, ‘we’ll 
pay for equipment, what do you want.’ So it was like taking kids to the candy 
store. We had a long list of stuff—man, we got the best e-beam lithography, 
and you name it.”24

In July 1985, even before the Microdevices Lab was approved, the Depart-
ment of Defense had been funding half of the Advanced Microelectronics 
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Program. A year later the Caltech trustees perceived that SDI support intro-
duced programs “which are signifi cantly different in character,” which put 
further plans “on hold until the issues of character and support are resolved.”25 
At the time Edelson had proposed to double the size of the program within 
a few years, with eventual funding levels of $30–40 million coming equally 
from NASA and Caltech.26 Instead the lab resolved the issue in favor of the 
military. In January 1987 NASA and Caltech signed an agreement establish-
ing a formal Center for Space Microelectronics Technology at JPL, with the 
Microdevices Lab (then under construction) as its principal facility.27 NASA 
provided one-third of the center’s initial budget of $22 million. Almost all of 
the rest came from national security agencies, and the directors of DARPA 
and the SDI technology offi ce sat on the center’s board of governors, along 
with NASA and Caltech representatives.28 Caltech accepted the military 
funding but insisted that “all work in the Center is explicitly required to be 
unclassifi ed.”29

The center had about 170 staff at its inception and soon grew to about 250 
staff. The program continued to concentrate on the four areas of solid-state 
device research, custom circuit design, photonics and optoelectronics, and 
computer architecture, all capitalizing on the resources of the Microdevices 
Lab. The electron-beam lithography device served as a centerpiece, like “the 
altar in a temple,” as deputy manager James Cutts called it. E-beam lithog-
raphy could deposit semiconductor layers at exceedingly fi ne scales, on the 
order of 20 angstroms, with no defects; hence, for example, it was essential 
for producing high-density memory chips based on neural networks, which 
promised a thousandfold increase in information storage and retrieval.30

E-beam lithography also enabled JPL to push into submillimeter astron-
omy. The lab had programmatic reasons to pursue a fi eld where spacecraft 
provided a unique opportunity; because the atmosphere blocks most submilli-
meter radiation, space-based detectors make that portion of the spectrum 
accessible to astronomers. Microelectronics provided technological entry 
since existing detectors could not separate signals from background thermal 
noise. Caltech professor Tom Phillips had proposed using thin Josephson 
junctions, consisting of a superconductor-insulator-superconductor sand-
wich, for a detector; incident radiation created electron pairs that tunneled 
through the insulating barrier to produce a signal. Using niobium instead of 
lead compounds, JPL engineer Satish Khanna and Caltech professor David 
Rutledge developed new versions of these junctions that were more sensitive 
to submillimeter radiation and did not need as complex cryogenics to screen 
thermal noise; the sensitivity depended on the thickness of the layers and 
hence on the ultrafi ne deposition provided by e-beam lithography.31

A few more examples will indicate the scope and output of the program. 
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The Microdevices Lab also acquired a scanning tunneling microscope, a re-
cent invention that could resolve material at nanometer scale. William Kaiser, 
another Ford recruit, devised a technique—called ballistic electron emission 
microscopy—to use the microscope to study subsurface interfaces in semi-
conductors, in addition to surface properties, which promised to help design 
ever-smaller devices.32 Kaiser then thought to use the principle of electron 
tunneling not as a microscope but as a displacement sensor: electron tunneling 
across a very narrow vacuum gap between two electrodes varies greatly with 
the size of the gap, with the tunneling current jumping an order of magnitude 
if the electrodes move 1 angstrom (10 nanometers) closer together. The idea 
promised to reduce greatly the size of accelerometers, seismometers, and 
other displacement sensors and at the same time increase their sensitivity by 
a factor of 10,000. Similar quantum effects underpinned the quantum-well 
infrared photodetector (QWIP), an existing device in which electrons tunnel 
out of potential wells in a semiconductor to produce the output signal. JPL 
engineers adapted QWIPs for space science, taking advantage of the oppor-
tunity to tailor the shape of the quantum wells in order to tune the detector 
to certain wavelengths. The same approach appeared in tunable diode lasers, 
useful as spectrometers for detecting chemical molecules based on absorption 
of particular wavelengths.33

At the time these research results remained a good distance from realiza-
tion in fl ight hardware. But their evident potential indicated the value of the 
Microdevices Lab, at least to the eyes of the sponsors. The center’s visiting 
scientifi c committee found the program “competitive with . . . top ranked 
industrial and academic institutions,” and an SDI manager pronounced it 
“fi rst class.”34

Hypercube

Another prime component of the microelectronics program, and another 
fruit of campus-lab collaboration, was the effort in computer architecture, 
which centered on concurrent or parallel processing. The idea of parallel pro-
cessing had been around for decades, but it received renewed impetus starting 
in the late 1970s as supercomputers grew in performance and expense, and as 
VLSI enabled small, cheaper chips. Many small processors working in parallel 
offered potentially comparable performance to a single very fast processor 
taking programming instructions sequentially; such parallel processing, how-
ever, required sophisticated operating software to separate the instructions, 
direct them through particular processors, and recombine the results. In 1982 
Caltech professors Charles Seitz and Geoffrey Fox started building a series of 
concurrent computers called “cosmic cubes,” using  standard Intel 8086/8087 
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chips and working up from a 4-node device to 64 nodes. Instead of connect-
ing each node only to its immediate neighbors, they linked each processor 
in the 64-node model to 6 others; the 64 corners of a 6-dimensional cube 
inspired a new name, the hypercube. Seitz and Fox’s design would greatly 
infl uence the subsequent embrace of parallel processing by the supercomput-
ing industry. The hypercube had 1/10th the computing power of a Cray-1 
sequential supercomputer but at $80,000 had 1/100th the cost.35

Such performance caught the eye of JPL engineers, who were contemplat-
ing the demands of real-time data processing for synthetic aperture radar and 
other sensors. The hypercube was also particularly profi cient at fast Fourier 
transforms, a staple of image processing.36 In 1982 JPL began supporting the 
campus work and its own effort using discretionary funds. Two years later 
the JPL group had built a 32-node machine called the Mark II hypercube, 
following the Mark I on campus, and had plans under way for a 128-mode 
Mark III and, beyond that, a 1024-node, ten-dimensional device.37

NASA funded none of this. DARPA and then the Department of Energy 
sponsored the Caltech program, and JPL relied on discretionary funds and 
then military sponsors. In 1985 Allen noted that “all of the JPL’s outside fund-
ing support for the hypercube, other than that which we get from campus, 
comes from the Defense community.”38 The air force’s Electronic Systems 
Division became the main sponsor, but after 1985 the hypercube focused on 
immediate applications concerning Star Wars, especially the simulation of 
complex scenarios for missile interception.39

The SDI work raised the issue of classifi cation. In December 1988 the 
Department of Defense tightened secrecy around SDI, a directive which 
classifi ed some of the hypercube SDI simulations. Air force general Gor-
don Fornell called the work “invaluable . . . a signifi cant component of the 
SDI research program,” and asked JPL to undertake classifi ed runs on the 
large 128-node Mark III.40 JPL and Caltech had built that device on campus, 
however, where Caltech banned classifi ed work, so SDI had to settle for the 
32-node Mark II at JPL. Kukkonen told the air force manager that “JPL is 
willing to do at JPL whatever classifi ed work is necessary.”41 But the Center 
for Space Microelectronics Technology, which included the hypercube, was 
also supposed to be unclassifi ed, so JPL built another small hypercube in a 
classifi ed facility.42

Caltech and JPL assumed that they would let industry take over the 
production of mature hypercube designs. By 1984 Seitz was transferring the 
initial cosmic cube to Intel, and Fox negotiated with IBM for subsequent 
Caltech designs; JPL meanwhile signed an agreement with Ametek in 1985 
to help build the Mark III, while Ametek developed its own commercial 256-
node device.43 As the lab waited for commercial versions of the hypercube it 
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met increasing demand at JPL and Caltech with a series of Crays, which used 
standard sequential supercomputing. In the early 1990s Cray itself, whose 
approach the original hypercube had challenged, adopted so-called massively 
parallel processing into its T3D design, under a license from Caltech, and JPL 
wound up with a T3D of its own. The hypercube thus resulted in a long-term 
supercomputing program at both JPL and Caltech.44

Microspacecraft

Microelectronics intersected another effort at JPL, in microspacecraft, which 
likewise built on a military foundation. The microspacecraft program sought 
to use SDI technologies to produce shoebox-sized spacecraft that would 
revolutionize planetary exploration. The revolution did not occur. Against 
such examples as image processing or microsensors there are instances where 
JPL failed to realize the potential of new technologies. The history of micro-
spacecraft at JPL illustrates that miniaturization entailed more than just 
technological advances.

The idea of microspacecraft fi rst emerged at JPL in 1979. Veteran manager 
James D. Burke started doodling designs for tiny spacecraft components, and 
Robert L. Staehle, a young mission designer, proposed “miniature spacecraft” 
later that year. An ensuing study produced in 1981 a proposal for a 20- to 30-
kilogram spacecraft, 66 centimeters wide, launched on a small Scout rocket 
to probe the solar corona with radio waves. The main technological novelty 
lay in the electronics, which drew on the Caltech-JPL work on VLSI.45 The 
concept was subsequently taken up by Ross Jones, another young engineer 
like Staehle who saw microspacecraft as a way to pursue space exploration 
without billion-dollar budgets or teams of several hundred people; the move-
ment thus merged young enthusiasts with old hands who perhaps saw a 
return in some respects to the fi rst Explorer satellites, which had been limited 
to 10-kilogram scale by available rockets. For such people, as for Burke, the 
microspacecraft study provided “an unrestrained outlet for their creativity 
and was fun.”46 It also perhaps resonated with the democratization of tech-
nology, exemplifi ed at the time by the emerging personal computer.

The movement was not confi ned to JPL. At the time a group of space 
engineers had formed the Amateur Radio Satellite Corporation (Amsat) and 
were building small, cheap satellites in their spare time, cobbling together 
donated or surplus components and launching on the new French Ariane 
rocket.47 The military provided a more infl uential model. Plans to orbit 
electromagnetic railguns in space for strategic defense suggested a way to 
launch many microspacecraft without the expense of rockets. Jones then 
began borrowing SDI concepts for spacecraft technology, such as kilogram-
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sized projectiles built by SDI contractor General Dynamics, which Jones 
visited in 1986. These kinetic-kill vehicles included many common spacecraft 
subsystems, including propulsion, power, guidance and control, and remote 
sensing.48

Despite their appeal, microspacecraft failed for several years to generate 
interest at JPL. Although they faced the problem of aperture—bigger solar 
arrays provided more power, bigger antennas sent more data, and bigger 
instruments collected more photons—the constraints were more program-
matic than technological. A half-meter spacecraft had plenty of aperture for 
most missions, and the cost of microspacecraft compensated for their size 
by offering a way to take data from many points at once.49 Microspacecraft 
could carry only one or a few instruments, however, and they thus entailed 
a fundamental programmatic adjustment: instead of a comprehensive mis-
sion once every several years, where a single complex spacecraft provided a 
variety of data from its destination, the planetary program would comprise 
dozens of microspacecraft, each with limited objectives. The concept thus 
confronted JPL’s internal organization, which was set up to prosecute one 
or major projects at a time; the customary practice of space scientists, who 
assumed that each mission would accommodate a full complement of pro-
posals; and NASA’s planning process, which aimed at just one or two new 
starts every budget cycle.

At fi rst microspacecraft foundered on resistance within JPL. After several 
proposals for discretionary funds were rejected, Jones lost faith. But in 1988 
Carl Kukkonen got wind of his ideas and brought them under the umbrella 
of the microelectronics program.50 With Kukkonen, microspacecraft acquired 
not just a high-level advocate but also one with some resources. The Micro-
devices Lab had concentrated on sensors and not the components of the space-
craft itself. At the time university and industrial researchers were beginning 
to use photolithography techniques to make not just electronic circuits, but 
also mechanical devices—what was called Micro Electromechanical Systems, 
or MEMS, although it was also becoming known as nanotechnology from the 
nanometer scale of the devices.51 The Microdevices Lab had the apparatus to 
apply MEMS techniques to spacecraft components, such as gyroscopes and 
reaction wheels, or rocket nozzles and combustion chambers.52

 The growing interest at JPL drew not only on SDI technologies but 
also on a military trend toward “lightsats” or “cheapsats.” In 1987 DARPA 
started an Advanced Satellite Technology Program to shrink earth-orbiting 
spacecraft an order of magnitude, from thousands to hundreds of kilograms 
or less; by distributing many lightsats in orbit the military hoped to reduce 
vulnerability to Soviet anti-satellite attacks. The lightsat trend also embraced 
a multiplication of launch vehicles after the Challenger explosion in 1986. 



Dividends of Defense Programs • 151

The space shuttle did not encourage economy in spacecraft weight, since it 
launched a big satellite about as easily as a little one. The loss of the Chal-
lenger reopened the use of expendable launch vehicles, including existing 
small rockets such as the Scout and new vehicles such as the Pegasus.53

Kukkonen’s fi rst contribution to microspacecraft was to sponsor a work-
shop at JPL in July 1988. Like Bruce Murray’s brainstorming sessions, the 
workshop convened noted blue-sky thinkers such as sci-fi  author Robert 
Forward and physicist Freeman Dyson, who had recently proposed a scheme 
to release a fl ock of microspacecraft, dubbed “astrochickens,” that would 
spread out through the solar system, consuming interplanetary ice and hydro-
carbons for fuel and reporting back to Earth.54 On a more practical plane, the 
workshop, sponsored by NASA and SDI, included several people from the 
SDI offi ce and its contractors.55 Lew Allen’s opening remarks made clear 
the military impetus. He fi rst noted planetary science’s current reliance on 
large, expensive spacecraft launched every several years and predicted a pro-
liferation of small, simpler spacecraft, which could attain higher speeds and 
hence distances, cover many locations, and attain reliability through sheer 
numbers. Allen cited the technology base in microelectronics and miniaturi-
zation of other components and added, “Here, I’d like to point out that the 
DOD has been interested in advanced micro technology for many years. I 
am especially pleased to note that SDIO technology and personnel are well 
represented here today.”56

The end of the cold war accelerated the application of SDI technology to 
civil space missions in the early 1990s. In particular, kinetic-kill vehicles, such 
as the Brilliant Pebbles scheme from the Lawrence Livermore Laboratory 
and the Lightweight Exo-Atmospheric Projectile of Boeing and Hughes, 
provided an array of miniature components. In 1990 Jones visited Boeing, 
Hughes, and other SDI contractors, where he learned about propulsion sys-
tems weighing a few kilograms and inertial guidance systems of a few hun-
dred grams; he also heard about a star tracker from Livermore, about the size 
of a cigarette pack and weighing 300 grams. Jones and other mission designers 
began proposing microspacecraft for near-earth asteroid fl ybys, lunar rovers, 
and a Mars rover/sample return.57 At a conference in Pasadena, meanwhile, 
Rob Staehle had met a Livermore scientist, who had pulled out of his pocket 
a mock-up of the new star tracker. At the time Staehle was planning a mis-
sion to Pluto and was contemplating, among other things, the 10-kilogram 
star tracker standard at JPL. A subsequent visit to Livermore convinced him 
to redefi ne the Pluto mission as a 35-kilogram microspacecraft, with a total 
payload of 7 kilograms and a power supply of 6 watts.58

Microspacecraft, however, remained only a prospect for JPL, as the tech-
nology continued to confront programmatic obstacles within JPL, NASA, 
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and the scientifi c community—in particular, what microspacecraft advocates 
viewed as “the stranglehold of the big planetary mission.”59 The subsequent 
history of microspacecraft, the Pluto project, and JPL in general would dem-
onstrate the diffi culty in adapting to new modes of space exploration.

Consequences

JPL’s efforts in microelectronics, concurrent computing, and microspacecraft 
highlight the critical role of the military, specifi cally DARPA and SDI, in 
developing advanced space technology. The military supported hundreds 
of engineers and outfi tted state-of-the-art laboratories at JPL, producing an 
array of new devices and techniques, and technologies developed elsewhere 
for the military inspired new programs at JPL. Star Wars provided a crucial 
stimulus by turning technological concepts into hardware. As Ross Jones put 
it, SDI “actually did it; they didn’t just make colored viewgraphs the way we 
do here, they had real money and they went out and built miniature propul-
sion tanks and miniature engines. . . . I took some pictures of that stuff to my 
section manager and said, look, this is why I’m talking about microspacecraft. 
He said, shit, I didn’t know that you could actually do it.”60

Some of this work was connected tenuously at best to national security 
missions. For example, although the military considered the uses of sub-
millimeter sensors in orbit, the opacity of the atmosphere at most wave-
lengths limited their utility, and JPL engineers, whose interest stemmed from 
astronomy, employed mostly hand-waving arguments to justify SDI support. 
Scanning tunneling microscopy seemed similarly distant from military mis-
sions. SDI managers, however, could advertise JPL’s research accomplish-
ments, such as the extension of sensing into new regimes, and they appreci-
ated more generally the association with Caltech. JPL’s contribution in this 
respect was more as a showcase for SDI’s support of long-range,  cutting-edge 
research than for any specifi c devices that resulted; it conferred cachet and 
credibility that SDI program managers could use to bolster their own politi-
cal position.61

The growth of the microelectronics and hypercube programs complicated 
the mid-decade efforts to cut back on defense work. In 1985 Jack James at fi rst 
declined to take on additional hypercube work, noting that he had already 
committed available staff to the ASAS and SDI Pathfi nder projects. Instead 
Allen approved an increase in defense staff to accommodate microelectron-
ics and hypercube, which he deemed “important for the intellectual growth 
of JPL.”62 Two years later Allen was hoping “that JPL does not become so 
heavily tasked by NASA that it will be unable to assume invigorating tech-
nological tasks supported by the Department of Defense.”63
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JPL’s success in defense programs encouraged Allen to look to the military 
as a general basis for civil space policy. With the human program in limbo 
following Challenger and science missions unevenly supported, Allen sug-
gested broadening NASA’s mission to include “support to national security 
through technology.”64 He did not propose simple spin-offs from civilian 
programs but rather a two-way interaction: “Sometimes that technology will 
be directed to a NASA mission and, incidentially [sic], useful to Defense but 
there will certainly be times when the situation is reversed.”65 Microspacecraft 
offered one way to link NASA and the Defense Department since military 
missions suffered from the same constituency-building that affl icted plan-
etary exploration, with accumulating requirements and instruments produc-
ing ever-bigger satellites. JPL’s efforts toward small, more frequent spacecraft 
could support both NASA and the military.66

The integration of civil and military space programs was already apparent 
at JPL, as SDI projects applied JPL expertise to military purposes while other 
JPL engineers borrowed SDI products for civilian missions. That is, it was 
not just a case of JPL working for the military; rather, JPL engineers used 
military funding and technologies to advance their own interests in planetary 
exploration. Whatever disconnect existed between civil and military space, 
or between open and classifi ed programs, was thus bridged in the 1980s. 
Lew Allen personifi ed the interaction in his background and in his contin-
ued service on several high-level advisory committees for national security. 
Some of these connections provided a useful conduit to military programs: 
for example, Allen sat on a visiting committee for Livermore and tipped off 
JPL engineers about Livermore’s advances in computers and microsensors.67 
At lower levels, JPL staff managed to keep up with much military space tech-
nology. Engineers in JPL’s defense programs stayed informed through their 
contacts with SDI and DARPA program managers and labs, and engineers 
outside these programs could plug into this network through their own 
initiative. Most of the work for the SDI Innovative Science and Technology 
program, which was a prime sponsor of microdevices R&D, was unclassi-
fi ed and accessible. Ross Jones had little trouble visiting SDI contractors or 
learning about Livermore’s results, and Rob Staehle similarly encountered 
Livermore technology and then visited there.68

Any limits to communication between civil and military programs could 
come more from informal obstacles than from offi cial secrecy. Competition 
for business provided a particular barrier. When JPL shopped its synthetic 
aperture radar to military managers, it found them happy to ask a lot of ques-
tions but unwilling to divulge their own efforts.69 Then at the end of the cold 
war, military-oriented labs sought new markets for their technology in the 
civil space program. Since JPL represented a potential competitor, Livermore 
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engineers at times held their cards close to their vest; Jones recalled them 
as being “less than forthcoming.” JPL managers meanwhile “were pretty 
circumspect when it came to Livermore,” as Duane Dipprey put it.70 When 
the two labs did cooperate, JPL engineers encountered a different mindset. 
For example, Livermore in 1990 began pushing Brilliant Pebbles systems for 
NASA earth-orbiting missions, and several JPL managers visited Livermore 
for a classifi ed briefi ng. The two groups reached no agreement, however: 
the Livermore people enthused about a slew of small satellites seeking un-
expected phenomena, while the JPL team talked in terms of one or two big 
platforms in polar orbit to provide precise refi nements of existing scientifi c 
models.71 The application of military techniques to civil space missions would 
have to overcome similar philosophical divides in the future.

Thriving defense technology programs fi nally spurred NASA into action. 
In 1988 NASA announced a Civil Space Technology Initiative (CSTI), the 
name alone suggesting a need for a civilian effort to match the military’s.72 
The initiative and its successors, however, in practice focused on human 
missions, and it then was gutted by congressional budget cuts in 1989 and 
1990.73 The military thus continued to support most of the key technologies 
at JPL; in 1990 lab managers perceived NASA’s attitude toward electronics 
to be, “Let DOD do it.”74

In its pursuit of space technology, JPL had a crucial advantage over other 
NASA centers as a contractor lab. Its status fostered technology development 
in two ways. First, JPL could diversify to new sponsors, who supported 
technologies neglected by NASA. Thus the Department of Energy laid a 
foundation for microelectronics, upon which the Department of Defense 
built a thriving program; the resulting devices—submillimeter and infrared 
detectors, accelerometers and siesmometers—proved useful for space sci-
ence. Second, JPL capitalized on its association with Caltech, with research 
programs deriving from faculty advances in VLSI, neural networks, and 
concurrent computing. As a result, by the end of the 1980s JPL had devel-
oped capabilities that existed nowhere else in NASA, and at few places in 
the nation as a whole, which gave it a technological leg up as the lab entered 
the new decade.
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MICROELECTRONICS PLAYED A ROLE IN THE DEVELOPMENT OF THE WIDE FIELD/
Planetary Camera (WF/PC) for the Hubble telescope, a major JPL effort 
in the 1980s. Along with several other large science instruments, and the 
primary work of the Microdevices Lab in experimental sensors, the camera 
highlighted the increasing diffusion of JPL beyond its focus on the systems 
engineering of spacecraft. Instead of just building the spacecraft to carry 
instruments for science teams, JPL increasingly sought to build the instru-
ments themselves. The trend continued the diversifi cation of the lab into 
space-based astronomy and earth and ocean science and was strengthened by 
its ties to Caltech, for infrared astronomy as well as the Hubble camera. But it 
also raised broader questions about JPL’s relation to a primary constituency, 
the community of space scientists, and hence about its mission.

Astronomy

In the late 1970s JPL had joined with James Westphal at Caltech to build 
the Wide Field/Planetary Camera. The collaboration produced the sort of 
friction that had appeared between spacecraft engineers and science teams 
on Voyager, but in this case the engineers and scientists were teamed up to 
build a science instrument across the campus-lab divide. JPL in effect served 
as subcontractor to Westphal, the WF/PC principal investigator, who main-
tained technical and fi scal control. He thereby forced a role reversal on JPL 
engineers, who were more accustomed to managing subcontractors, not being 
overseen themselves, and hence chafed at Westphal’s dictates.1

Then in June 1984 thermal-vacuum tests at JPL revealed a curious phe-
nomenon that threatened to cripple the telescope. The CCDs were displaying 
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ghost images, where traces of previous exposures showed up in succeeding 
images. The effect became known as quantum effi ciency hysteresis and ap-
peared to be generic to CCDs. A simple fi x involved shining bright ultraviolet 
light on the CCDs, essentially burning out the residual images; but there was 
no room in the telescope to put a fl oodlamp, and pointing the telescope at 
the sun, another source of ultraviolet light, was anathema to the telescope’s 
designers. After months of intense debate, Dave Swenson of JPL found a 
spare half-inch amid the telescope components to fi t a light-pipe, which 
would refl ect enough light from the side of the telescope to reset the CCDs, 
and that solution was adopted.2

JPL’s work on the WF/PC did not end there. The Challenger disaster 
delayed the Hubble’s deployment from 1986 until April 1990. Then the fi rst 
images after launch displayed spherical aberration, indicating the telescope’s 
primary mirror was distorted. The $2-billion telescope was apparently worth-
less. Lew Allen, who had had extensive experience with advanced optics in 
his military career, chaired the NASA review committee that traced the aber-
ration to a faulty measuring device at Perkin-Elmer, the mirror’s builder. A 
corrective for the Hubble’s myopia, however, existed in the space shuttle’s 
ability to service satellites in orbit. The importance of the WF/PC to the 
telescope’s mission, and the possibility that it might fail or that quantum 
effi ciency hysteresis might degrade its performance, had spurred NASA to 
approve a backup version. JPL had thus built a clone of the WF/PC as an 
insurance policy, with the added benefi t of keeping the team intact until 
launch after work on the fi rst camera ended.3

The team and the backup were thus on hand to address the spherical 
aberration. Art Vaughan at JPL had designed the camera’s optics so that a set 
of secondary mirrors relayed the primary image to the CCDs, and his optics 
group now redesigned the relay mirrors to correct the distortion from the 
primary. In 1993 space-walking astronauts inserted the backup camera along 
with corrective lenses for the other instruments, which restored most of the 
performance of the telescope, albeit at great additional cost—about three 
times the initial estimate for the clone of $27 million, and much more than 
the fi rst WF/PC price of $68 million. That was a small price to pay, however, 
to recover the Hubble; according to NASA manager Ed Weiler, JPL’s camera 
enabled the ensuing slew of scientifi c results and “brought us from being a 
national disgrace to a great American comeback.”4

Because of the Hubble’s delayed launch, JPL’s main contributions to as-
tronomy in this period came from the Infrared Astronomy Satellite (IRAS). 
Technical gremlins continued to plague IRAS into 1982, in particular the 
infrared detector array at the telescope’s focal plane. When JPL engineers 
cooled the telescope to 2 degrees Kelvin for ground tests they discovered 
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whole banks of failed detectors and noisy, cross-talking, or just plain dead 
electronics. Rather than warm up the telescope and expose it to thermal stress, 
they decided to keep it cold and fi x the problems from the outside, even as 
the launch date slipped several more months.5 Another late problem emerged 
when a capacitor failed in the gyroscope electronics. The failure was generic 
to the part, and a review board noted that “hundreds of suspect capacitors 
are functioning in the spacecraft and the telescope electronics boxes.” Chang-
ing all the capacitors would delay launch several months, and further testing 
turned up no other failures. Engineers speculated that moisture caused the 
failure, which would not be a problem in the vacuum of space. The review 
board voted to roll the dice and launch.6

The spacecraft launched in January 1983 and survived in orbit for 300 days 
before it ran out of helium coolant. As with Seasat, and unlike Voyager, IRAS 
did not produce instant science; instead results trickled in after painstaking 
data analysis. But even as the telescope expired it was generating increasing 
excitement among astronomers. Gerald Neugebauer and colleagues hailed 
IRAS for providing “what might be termed their fi rst view of the infrared 
sky on a clear, dark night,” fi nally free from the atmospheric absorption and 
thermal distortion of ground-based telescopes. The telescope detected a vast 
halo of cool solid material around several nearby stars, including Vega and 
Beta Pictoris; such proto-planetary systems suggested that extrasolar planets 
might be much more common than expected. Infrared data also provided a 
new window into the process of star formation. More discoveries awaited 
beyond the Milky Way, including tens of thousands of previously unseen 
galaxies and smaller infrared sources. The data suggested that many galaxies, 
unlike their component stars, emit the bulk of their energy in the infrared 
rather than visible wavelengths owing to interstellar dust, and that the dust 
included wispy clouds spread through much of the sky, a sort of “infrared 
cirrus.” The dust clouds, together with IRAS data on the density and distri-
bution of galactic clusters, sparked a reappraisal of current theories of dark 
matter and Big Bang cosmology (see fi gure 10.1).7

All told, IRAS surveyed more than 96 percent of the sky and produced a 
vast database of infrared sources to occupy astronomers for the next decade 
and more—more than 250,000 sources, compared to the 1,000 previously 
catalogued, prompting NASA managers to applaud “one of the most success-
ful space science missions ever conducted.”8 The success vindicated JPL after 
the troubled early history of the project and provided a welcome infusion of 
scientifi c results during the long hiatus in planetary data between Voyager’s 
encounters at Saturn in 1981 and Uranus in 1986; together with the Voyager 
encounters, IRAS burnished JPL’s reputation and self-image.

Unlike the Hubble camera, JPL’s work on IRAS entailed traditional systems 
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engineering, not instrument development. But IRAS did involve JPL in the 
data analysis and thus left a lasting legacy at Caltech. JPL and NASA had 
already recognized the need for formal systems to handle the increasing 
fl ood of data returned from remote sensing satellites, and the Seasat Data 
Utilization Project had demonstrated the potential payoffs. IRAS expanded 
on this experience, the difference in this case being the particular interest of 
Caltech faculty in the data, including astronomers Neugebauer and Thomas 
Soifer. To enhance Caltech’s role, while maintaining that of JPL, Caltech 
administrator David Morrisroe worked out a deal for an IRAS data center, 
wherein Caltech would provide a new facility on campus, NASA supplied 
the operating budget, and JPL managed it.9

The Infrared Processing and Analysis Center (IPAC) opened at Caltech in 
1986, with almost 60 staff transferred from JPL. The center was intended to 
serve the astronomy community at large, distributing and archiving the data 
and with one-fourth of the budget supporting visiting scientists, but its name 
indicated that the center’s Caltech staff also did some science themselves.10 A 
similarly blurry line between service and research had appeared in the Space 
Telescope Science Institute, established at Johns Hopkins University in 1981 
for the Hubble Space Telescope. NASA and other astronomers were trying 
to curb the ambitions of the institute’s managers, who sought to analyze as 
well as process data.11 IPAC and Caltech appear to have escaped the resent-

Figure 10.1. IRAS image of Milky Way; the bright bulge in the middle is the center 
of the galaxy. Source: JPL Photolab.
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ment roused by the Hubble’s institute, in part because they did not have 
the responsibility of doling out observing time on the telescope; IRAS had 
already shut down and the data was on the ground and available.

But that raised another issue: what would happen to these institutes and 
their staffs when the data was processed and archived? IPAC answered by 
providing the data center for ensuing missions in infrared astronomy, and it 
thus helped secure one of those missions for JPL. Since the early 1970s NASA 
had planned to follow IRAS with a larger infrared telescope, one to join the 
Hubble and two other planned “Great Observatories” for gamma- and X-
ray wavelengths. As Ames at the time was designing IRAS it also undertook 
the early studies for the follow-on, which would be called the Space Infrared 
Telescope Facility, or SIRTF.12

After years of budget delays, the success of IRAS fi nally pushed SIRTF 
to the front burner in the late 1980s. JPL at fi rst went along with the NASA 
policy of giving Ames fi rst crack at the project, but after NASA decided to 
give it instead to a lab “with recent experience in managing large-scale proj-
ects,” JPL entered into a vigorous competition with Goddard and Marshall 
and emerged the victor at the end of 1989. As Norm Haynes, who would 
later temporarily manage the project, recalled, “JPL lusted after SIRTF—JPL 
and Caltech, I might point out, because there are a lot of infrared scientists 
and astronomers on campus.”13 The interest of Caltech astronomers and the 
presence of the IPAC data center, in combination with JPL’s experience on 
IRAS, proved decisive, although the subsequent history of SIRTF would 
test the lab’s fortitude.

JPL focused on infrared astronomy, but the Microdevices Lab fostered 
a push into submillimeter astronomy. Several JPL scientists also undertook 
research into relativistic gravitation, the results of which helped encourage 
NASA managers to consider a major effort in gravitational-wave astronomy.14 
The research resonated with a general interest in gravity waves around that 
time, and JPL engineers would contribute to a major ground-based collabora-
tion between Caltech and MIT, the Laser Interferometer Gravitational Wave 
Observatory funded by the National Science Foundation. But individual lab 
staff would continue their own lines, spurred also by JPL’s practical interest 
in relativity: spacecraft navigation and telemetry required extremely precise 
knowledge of the transmit times of electromagnetic signals, including the 
effects of massive bodies and the behavior of clocks as well as possible vari-
ance of the speed of light.

Finally, JPL also continued work on SETI, whose backers managed to 
restore limited congressional funding in 1983. After fi ve years of preliminary 
work on the instruments, in 1988 JPL and Ames won approval from NASA 
for a formal SETI project, a ten-year, $100-million effort that started in 1990.15 
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But unlike Bruce Murray, Lew Allen was not a big fan of SETI: “I’m frankly 
not impressed with the reasoning that says there are billions of galaxies with 
billions of stars, and in each, uncountable numbers of planets. . . . We’re do-
ing SETI, but it has a small chance of observing anything when one works 
out the statistics involved. One can question whether SETI is a scientifi c 
endeavor or an exercise of imagination and faith.” Instead Allen backed a 
“soundly based scientifi c exploration of other solar systems,” taking as an 
example work by Richard Terrile of JPL and Brad Smith of the University of 
Arizona that seemed to confi rm the detection of protoplanetary systems by 
IRAS.16 Based on the IRAS image of Beta Pictoris, Allen directed a substantial 
portion of his discretionary funds, about a half million dollars a year, toward 
further study of extrasolar planets.17

The IRAS results also inspired Allen to push for missions beyond the 
solar system as a potential new realm for JPL and NASA and one that would 
spark public as well as scientifi c interest. He hence allocated additional dis-
cretionary funds to plan a Thousand Astronomical Unit (TAU) mission, 
which would send a spacecraft with a telescope out to interstellar space, 
using nuclear-electric propulsion to enable the fi fty-year fl ight. The main 
scientifi c justifi cation was to achieve a far longer baseline for positional as-
tronomy than parallax available from the earth’s orbit around the sun; but 
Allen, demonstrating Murray-like enthusiasm, seems to have been taken as 
much by the exploration aspect, and he touted the idea in a number of public 
speeches in the mid-1980s. The plan did not lead to a fl ight project, but it did 
help get people at JPL and NASA thinking about more far-out possibilities. 
It also signaled a wider redirection of the search for extraterrestrial life in 
the 1990s.18

Earth Observations

JPL also continued its pursuit of earth and ocean science from the 1970s. 
Although JPL failed to obtain approval for a Seasat follow-on with synthetic 
aperture radar, it did win responsibility for the Ocean Topography Experi-
ment, or Topex, an earth-orbiting satellite for precise altimetry of ocean 
surfaces. In December 1979 NASA asked JPL to study the concept, and after 
years of delay, including combination with a similar French mission called 
Poseidon, Topex/Poseidon launched in August 1992.19

More earth-observing work came through individual instruments in-
stead of entire satellites. For example, NASA initially planned for Topex 
to include a scatterometer, an active radar to measure sea-surface winds, 
and JPL won the project after a vigorous competition with Goddard.20 The 
NASA Scatterometer (NSCAT) fi nally fl ew in 1996 on Japan’s Advanced 
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Earth Orbiting Satellite and was followed by similar successive instruments.21 
The scatterometry settlement thus produced a long-term program for JPL 
and, coming on the heels of Seasat, sealed its role in physical oceanography. 
It also implied a rough division of labor between the competing labs, with 
JPL pursuing observational systems and Goddard developing global model-
ing from the resultant data.22

JPL earth scientists fl ew instruments on the space shuttle and airplanes as 
well as satellites. In 1985 JPL scientist Taylor Wang fl ew as an astronaut on 
a shuttle fl ight, in order to run his own experiment on the physics of liquid 
drops in microgravity as well as the Atmospheric Trace Molecule Spectros-
copy experiment (ATMOS), an infrared interferometric spectrometer that 
could detect trace molecules in the stratosphere at concentrations of a few 
parts per trillion.23 The following year JPL’s lead investigator on ATMOS, 
Crofton Farmer, would use a similar airborne interferometer to measure 
the abundance of trace gases in the Antarctic atmosphere. The experiment 
provided important evidence regarding the ozone hole, the growing gap in 
the earth’s atmospheric shield against ultraviolet radiation that was then at-
tracting increasing environmental concern; the paper from Farmer’s group 
appeared just as representatives from thirty-fi ve countries were meeting in 
Montreal to address the issue. The marked presence of halogen compounds 
in Farmer’s data suggested that human activity caused the hole, not meteo-
rological variations, since laboratory experiments had demonstrated that 
halogenated hydrocarbons (produced by aerosols and refrigerators) deplete 
ozone. JPL then provided further detailed maps of ozone depletion with the 
Microwave Limb Sounder, an instrument launched in 1991 aboard Goddard’s 
Upper Atmosphere Research Satellite.24

The embrace of earth observations at JPL, and at NASA in general, re-
fl ected political support of programs with clear social relevance. The trend 
was evident in 1982, after the crisis in the planetary program, when a reporter 
asked NASA chief James Beggs, “Does NASA still have a mission to explore 
outer space, the planets, comets, etc., or has it become a Department of Agri-
culture?”25 Although the Reagan administration would push for commerciali-
zation of land remote sensing and weather satellites, NASA continued to tap 
the popularity of earth-observing programs.26 As a companion to deep-space 
exploration, NASA’s space science offi ce created a “Mission to Planet Earth,” 
which had an increasing presence in the space science program at the end 
of the 1980s. A prime component of the mission was the Earth Observing 
System, or EOS, a planned series of large platforms, similar to a small space 
station but in polar orbit, to carry a host of earth-observing instruments. 
NASA managers and other administration offi cials noted strong congres-
sional interest in EOS and pushed ahead despite criticism of the big-platform 



162 • The Allen Years, 1982–1991

approach. NASA saw its ambitious early plans gradually whittled down, but 
in the meantime the prospect of big platforms full of science instruments 
encouraged JPL’s pursuit of the earth-science market.27

JPL and Scientists

When Lew Allen arrived at JPL in 1982 he noted “the increasingly impor-
tant role of fl ight experiments” and set about updating JPL’s statement of 
objectives. Pickering had defi ned three main goals in 1963: fl ight projects; 
the Deep Space Network; and supporting research and development. Allen 
now added two more: scientifi c study of space and the earth, and defense 
and other selected national priorities such as energy.28 In 1984 Allen supplied 
another indicator of the trend by appointing atmospheric scientist Moustafa 
Chahine as chief scientist, to replace Caltech planetary geologist Arden Al-
bee. Then in 1987 Allen elevated the technical division for earth and space 
science, led by Charles Elachi, to a new program offi ce for space science and 
instruments. Elachi’s entrepreneurship had parlayed the synthetic aperture 
radar and other instruments into a thriving fl ow of new business; he observed 
the following year that “over the last several years, the instrument activity at 
JPL has expanded signifi cantly and will continue to grow,” with the prospect 
of soon doubling from its current level of $100 million per year.29

Elachi’s program ranged from the WF/PC for astronomy to spectrom-
eters for planetary missions to the radar, scatterometer, and other instruments 
for earth observations, with particular emphasis on earth science.30 In 1988 
JPL’s executive council noted that a number of the lab’s planetary scientists 
had moved into earth science, helping to make it three times larger than 
the planetary research effort. The council cited stronger NASA and public 
support for earth science than for planetary missions and also the important 
results obtained. As for competition with other centers, “we should carefully 
avoid the appearance of an overt campaign to displace others in this fi eld.” 
Ames, however, seemed to be doing “very little science,” while Goddard’s 
strengths lay in global modeling, not observational techniques. The manag-
ers concluded that JPL should aspire to a lead role in earth science as well as 
planetary, with an additional major role in astrophysics and space physics: 
“A major mission for JPL is emerging in this fi eld. . . . Historically we’re 
planetary exploration, but today we’re space science and exploration.”31

Elachi observed that the increasing complexity of science instruments 
provided a technical and managerial challenge now comparable to that of 
entire spacecraft.32 Experiments such as SIR-C, WF/PC, and NSCAT each 
cost well over $100 million and involved dozens of people in their design, 
and the instruments themselves could weigh hundreds of kilograms and en-
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compass diverse power, thermal, mechanical, and electrical subsystems. The 
scale, cost, and complexity of individual instruments thus approached the 
neighborhood of small fl ight projects, which seemed to justify the application 
of JPL’s systems engineering experience. But fl ight experiments also brought 
potential pitfalls. Albert Wheelon, an eminent aerospace executive brought 
in by Allen to survey JPL’s programs in 1988, hoped that “the opportunity 
to build more sophisticated instruments will not become a substitute for 
building and launching American spacecraft to explore the solar system.” 
Other labs could do instruments, but JPL at the time enjoyed a monopoly 
on deep-space missions, and Allen recognized “that we should take care not 
to become just an instrument lab.”33

The pursuit of fl ight experiments threatened not only to distract JPL from 
its role as spacecraft builder, but also to undermine its relationship with its 
own constituents. For more than two decades JPL had provided the platforms 
for instruments from outside researchers, many of them university scientists 
who in effect hitched rides on JPL vehicles into deep space. NASA selected 
the experiments for each process in a competition, with entries usually com-
ing from universities, institutes, and other NASA centers; hence the principal 
investigators on Voyager came from places such as Caltech, the University 
of Arizona, MIT, Stanford, and Goddard. As JPL stepped up its pursuit of 
fl ight experiments, on planetary as well as earth-orbiting spacecraft, scientists 
elsewhere resented the new competition and complained that JPL scientists 
had the advantage of inside information: they could talk to spacecraft engi-
neers and tailor their proposals to the spacecraft technology. JPL scientists 
responded that NASA had agreed to support a cadre of researchers at the 
lab and could not now deny them the opportunity to compete; without 
that opportunity they would surely desert JPL.34 The increasingly complex 
instruments might also benefi t from JPL’s systems management, although 
university groups were also acquiring experience with scaled-up projects.

The lab failed to resolve the issue, which only added to the long-standing 
tension between JPL spacecraft engineers and outside scientists. A NASA 
committee studying science at NASA centers in 1988 stressed that labs such 
as JPL should not try to compete with university scientists, but rather should 
focus on those large programs beyond the capabilities of university groups.35 
Planetary geologist Albee had earlier expressed concern about JPL’s increas-
ing work in fl ight instruments, specifi cally the possibility that it would com-
pete for experiments on Mars Observer and Cassini. After much discussion, 
the lab’s executive council agreed that “JPL should consciously restrict its 
participation in the scientifi c payloads” for these missions “to what is a rea-
sonable share for JPL.” “Reasonable” was defi ned as the visible and infrared 
mapping spectrometer and the imaging camera plus two smaller instruments 
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on each spacecraft.36 Whereas JPL built no instruments for Voyager and only 
one for Galileo, the Cassini orbiter wound up with three, or one-fourth the 
total complement of twelve: the mapping spectrometer, a radar mapper, and 
a radio science instrument.37 The lab, however, did not adopt any long-term 
policy regarding its pursuit of instruments and instead settled on a sort of 
laissez-faire: lab staff were free to enter proposals for any spacecraft, recog-
nizing that NASA managers would consider institutional factors—just as 
they did for geographical distribution, and hence political interest—in the 
apportionment of fl ight experiments. If the aerospace industry provided a 
fourth leg on the Caltech-NASA-JPL triangle, the space science community 
perhaps constituted a fi fth. The additional legs, however, did not necessarily 
enhance stability.
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BRUCE MURRAY HAD RESIGNED AS DIRECTOR OF JPL BECAUSE HE PERCEIVED A 
turning point in the history of the lab, from the Mariner-Voyager era of 
planetary exploration to a combination NASA and military lab no longer 
sustained by planetary projects.1 This transition would entail changes in JPL’s 
internal management, starting at the top, and also in the lab’s relations with 
Caltech and NASA and with an increasingly mature aerospace industry. 
Murray, however, underestimated the prospects for the planetary program, 
and the subsequent revival of the primary mission on top of new programs 
made growth a key issue in the 1980s.

JPL’s Internal Evolution

When Lew Allen arrived at JPL in October 1982 he did not perceive any 
great mandate for change and undertook no sweeping reorganization. That 
itself represented a change from Murray’s tenure, as did Allen’s pragmatic 
management style, which departed from Murray’s more visionary initia-
tives. In 1987 Allen wrote, with regard to NASA’s long-term goal of sending 
humans to Mars, “we tend to set goals that are inadequately realistic. The 
visionary approach may be inspiring but unfortunately it causes nearer term 
objectives to suffer.” Finally, Allen was accustomed to overseeing much larger 
organizations than JPL and thus tended to delegate more responsibility than 
Murray had. The net result was a more measured environment inside JPL, 
although it lacked some of the drama of the Murray years.2

Murray’s strategic planning and political activism had responded to the 
demands of the context. Allen was fortunate to preside over a recovery of the 
planetary program, which combined with diversifi ed programs in defense, 
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earth science, and astronomy to more than double the lab budget in a span 
of fi ve years, eventually passing $1 billion by the end of the decade, and to 
drive staff levels toward 6,000, well above the 4,000 or so of the late 1970s. 
Far from seeking to generate new business, the problem became performing 
work already committed. Allen declared in 1986 that “the JPL workforce 
is too large” and pledged to reduce staff through attrition.3 But lower-level 
managers had little incentive for restraint, and associate director Clarence 
Gates perceived that “everybody wants to grow except the Director’s Of-
fi ce.”4 Exceptions to Allen’s no-growth policy became a running joke, as 
managers appealed to Allen’s enthusiasm for technology and new missions 
while assuring him that growth was only temporary.5

Growth began to shift demographics toward younger staff, especially as 
veterans from the initial buildup of the 1950s began retiring. Charles Terhune 
stepped down as deputy director in December 1983; Harris “Bud” Schur-
meier and Jack James retired from their defense and civil systems positions 
at the end of 1985; and in 1987 the lab lost deputy director Robert Parks 
and associate director Fred Felberg. James, Parks, and Schurmeier were the 
main originators of systems engineering at JPL, and their departure alone 
represented a loss of a century of hard-won experience. Although successors 
like John Casani were in place, the turnover began to open up the managerial 
ranks to promotion and heralded a more thorough changing of the guard as 
the rest of that generation approached retirement.

JPL’s demographics also refl ected the brain drain from Asia and the 
Middle East. Among the more prominent emigrés were Moustafa Chahine, 
named chief scientist in 1984, and Charles Elachi, head of the space science 
division. JPL, with the rest of the space program and American science and 
technology in general, capitalized on the modernization efforts of develop-
ing countries, which often stressed science and technology education, and 
on their persistent lack of research opportunities at the highest levels. For 
example, Chahine and Elachi—born fi fteen miles apart in Lebanon—won 
scholarships from the Lebanese government to pursue higher education 
abroad, with no strings attached. Their respective paths through American 
and European universities eventually converged at JPL.6

Another major change came to the work environment in this period 
in the infl ux of personal computers, networking, and electronic mail. The 
personal computer met initial resistance at JPL, where information-systems 
managers viewed the mainframe network as suffi cient and denied requests 
to buy computers for individuals, but it would eventually bring powerful 
capabilities to the individual desktops of scientists and engineers.7 As JPL 
staff adapted to the boon of personal computers, they also confronted that 
bane of late twentieth-century offi ce life: the cubicle. DSN engineers fi rst 
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moved from private offi ces to “open landscaping,” also called the “Action 
Offi ce,” in 1976, and the lab newsletter played up how roomy and func-
tional cubicles could be.8 Lab staff were not buying it. In 1984 the technical 
divisions as a whole were made to switch to cubicles and nearly rose up in 
revolt. Engineers complained about the lack of space and privacy, the noise 
from telephones and chit-chat, and secondhand smoke from cigarettes (as 
the lab still permitted smoking indoors); one compared the new layout to an 
“assembly line,” another to the notorious “Bull Pens” of big aircraft fi rms, 
and both predicted that cubicles would alienate key staff.9

JPL and Caltech

Allen’s appointment marked a break from the convention of hiring the JPL di-
rector from Caltech, and may have thus represented a decision by the Caltech 
trustees and administration to increase JPL’s independence from campus.10 
Allen nevertheless succeeded in improving JPL-Caltech relations, perhaps 
because he tried that much harder to reach out to campus. Allen’s military 
background was initially a worry for some faculty, but he defused concerns 
in personal engagements with professors and through his straightforward 
presentations at faculty meetings. As a result, even amid protests against 
defense programs the faculty were usually deferential toward Allen.11

Allen also enjoyed higher rank on campus, even if the title was only sym-
bolic. Murray had strongly urged upon his retirement that the JPL director 
also be a vice president at Caltech, to provide a formal connection to the 
trustees and also to counter what Murray perceived as the growing infl uence 
of the Caltech provost—nominally concerned with campus teaching and 
research—over JPL. As a vice president, the JPL director would be orga-
nizationally separate from campus, but the Caltech administration, at least, 
seemed to view the appointment as a token. When faculty asked, “Vice Presi-
dent for what?” president Goldberger replied, “Vice President of nothing.”12

Murray had sought greater independence from Caltech faculty because 
of their resistance to defense work, but the subsequent reception of the Ar-
royo Center and Star Wars suggest that campus infl uence persisted and even 
increased. Rochus Vogt, the provost after 1983, however, had worked at JPL 
and strongly supported it, a change from the lukewarm attitude of the previ-
ous provost, John D. Roberts.13 Although Vogt stepped down as provost in 
1987, followed shortly by president Goldberger, Caltech’s new president, 
Thomas Everhart, was an electrical engineer who took particular interest in 
JPL’s work.14

Increasing evidence of fruitful collaboration had meanwhile dispelled 
any lingering tensions. The lab had long worked with campus geologists on 
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planetary missions and more recently with astronomers on the Hubble cam-
era and IRAS, but it now began engaging faculty in diverse fi elds, including 
general relativity and gravity-wave research and especially through technol-
ogy programs. The microelectronics and supercomputing initiatives derived 
from campus collaborations, as we know, and campus faculty in turn gained 
access to expensive facilities, such as the e-beam lithography and hypercube. 
Although campus teaching appointments for JPL staff remained sparse, by 
1986 there were thirty-six collaborative research projects under way between 
JPL and Caltech groups, many of them supported by the military; defense 
work thus increased campus collaboration as well as oversight.15 Caltech’s 
agreement to help fi nance a new Central Engineering Building was just one 
concrete manifestation, literally, of increasing campus-lab ties, as was the 
Infrared Processing and Analysis Center, for which Caltech provided all the 
construction funds directly.

There was another threat to the campus-lab balance in JPL’s growth. Both 
campus and lab administrators recognized that growth and diversifi cation 
diluted Caltech overview and further distinguished the lab from the focused 
academic environment.16 Caltech, however, did little to restrain growth, in 
part because of the compensating windfall in overhead. From 1982 to 1987 
the combined overhead and fee rose from about $10 million to $17 million 
(about $11 million of which was the fee).17 In early 1982, amid the crisis in 
the planetary program, president Goldberger had proposed to wean Caltech 
from the fee “with all deliberate speed,” but by 1986 it still supplied 11 per-
cent of the campus budget, about the same fraction as in 1976. Hence, while 
faculty continued occasionally to question campus dependence on the fee, 
Caltech administrators preferred instead to perpetuate the arrangement: “The 
emphasis today is on maintaining the good relationship with NASA to see 
that the fee continues.”18 In this respect Caltech could view its fi nancing of 
the Central Engineering Building and construction of the Infrared Process-
ing and Analysis Center as investments whose dividends appeared annually 
in the JPL fee; or, from NASA’s perspective, overhead payments to Caltech 
produced a return in the institute’s contributions.19

JPL and the Local Community

The Infrared Processing and Analysis Center (IPAC) also highlighted JPL 
and Caltech’s increasing sensitivity to community relations. Caltech planned 
to build the center beyond the existing campus boundary, along a street ex-
tending into a residential neighborhood. Campus administrators neglected to 
consult local residents about the proposal, however, and were surprised by 
vehement protests at a public hearing. Neighbors feared an intrusive building 
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with attendant noise, traffi c, and parking, and above all they worried that 
the center would defl ate property values. They demanded that Caltech “put 
the building somewhere else—anywhere else.” Caltech agreed to improve 
a neighboring park and minimize the architectural impact in a low-slung, 
one-story design nestled in trees, which together with support from local 
press and politicians overcame the opposition.20

As a result of the IPAC affair, Allen resolved to improve community 
relations.21 But the episode demonstrated the substantial infl uence with local 
media and city government that JPL and Caltech already enjoyed, by virtue 
of their size and prestige. With more than 4,000 staff, JPL by the mid-1970s 
was the largest employer in Pasadena.22 This statistic relied on the fact that 
JPL staff were Caltech employees. JPL itself was not located in Pasadena; 
it lay outside the city limits on land annexed by the town of La Cañada-
 Flintridge when it incorporated in 1976. After much squabbling between 
rival city boosters, including a declaration by the Pasadena city manager 
that “to see it end up in some other corporate limits would be like losing 
the Rose Bowl,” JPL retained Pasadena as its offi cial location when the U.S. 
Postal Service left the decision up to the lab. Pasadena thus won continued 
association with JPL in media bylines, and La Cañada-Flintridge residents 
were still stewing about it twenty years later.23

Pasadena city managers soon had cause to regret JPL’s proximity owing 
to the emergence of a more pressing issue. Increasing public sensitivity in 
the United States to environmental pollution resulted, among other things, 
in the Safe Drinking Water Act of 1976 and testing of water supplies. In 1980 
state health authorities began testing water wells in Pasadena and found a 
number of them contaminated with toxic carcinogens, including four wells 
in the Arroyo Seco east of JPL. The lab had developed formal control of 
hazardous waste in the early 1960s; before that, in the 1940s and 1950s, JPL 
had used cesspools, dumping pits, and an incinerator to dispose of wastes at 
the east end of the lab.24

Pasadena offi cials assumed the contamination came from JPL’s early liquid-
rocket research. The lab initially denied blame, noting that the contaminants
—trichloroethylene, carbon tetrachloride, and tetrachlorethylene—were 
common industrial solvents and that thirty other wells throughout the San 
Gabriel Valley had also turned up excessive traces. JPL nevertheless agreed 
in 1985 to fund jointly with Pasadena an engineering study, in the spirit 
of a “good neighbor” and without admitting liability. An outside consul-
tant subsequently concluded that JPL was the “most probable source” and 
recommended construction of a water treatment plant.25 NASA agreed to 
pay for the plant, built in 1990 at a cost of $1.3 million, and JPL planned to 
commit about $1 million a year for several ensuing years to cleaning up the 
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contamination. In 1992 JPL was named a “Superfund” site, one of more than 
1,000 polluted places identifi ed by the federal government for environmental 
remediation.26

Environmental liability would be a major issue in contract negotiations 
the following year: Caltech feared exposing its endowment to lawsuits, and 
NASA found itself paying for damage likely incurred under the previous 
army contract.27 This was not just splitting hairs: JPL was shortly slapped 
with a lawsuit alleging that pollution caused the death of one local woman 
and Hodgkin’s disease in two others; thirty-one other local residents pe-
titioned to join the case. A groundwater study by the federal Health and 
Human Services Department in 1998 found no current threat and judged 
past hazards “unlikely,” but JPL would continue to grapple with lawsuits 
into the new century.28

JPL’s response to the groundwater problem is instructive. Despite the 
lawsuits and bad publicity, JPL avoided the much more active environmental 
controversies that plagued some other government labs. Like other facets 
of society in the cold war, research labs had raced to beat the Soviets, at a 
time of more cavalier attitudes toward waste disposal and the environment, 
and then faced the consequences decades later. Brookhaven National Lab, 
to take one example, encountered an uproar after revelations in the 1990s 
that a plume of groundwater near a nuclear reactor contained tritium. Hun-
dreds of community activists packed public hearings and vented their anger. 
Brookhaven scientists could not understand the fuss over what they saw as a 
negligible hazard, but local residents resented what they viewed as evasions 
and patronizing reassurances based on statistical risk analysis. Brookhaven 
learned a hard lesson in community relations: the lab director was effectively 
pressured out of his job, and the contractor, which had run Brookhaven for 
fi fty years, saw its contract summarily terminated by the Department of 
Energy in 1997.29

The JPL case differed in that it dealt with common industrial chemicals, 
whereas that of Brookhaven and other national labs involved radioactivity, 
with its popular associations of danger and secrecy.30 Another prime differ-
ence from such labs as Brookhaven was that JPL had a fi nely tuned public 
relations organization and decades of experience operating in the media glare, 
including highly exposed failures. At JPL, managers early emphasized to staff 
that any public comments “will not underestimate the important nature of 
the problem. For example, we will not cite statistics in an effort to demon-
strate that chances of getting cancer from Pasadena drinking water are low.”31 
Another internal memo stressed that JPL and NASA should “maintain a 
positive, cooperative attitude in dealing with the city. The contribution of a 
substantial part of the construction cost of a treatment plant is preferable to 
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the consequences of sensational adverse press coverage of the situation.”32 Its 
public relations experience helped JPL largely avoid the antagonistic com-
munity reaction that could characterize environmental cleanup elsewhere.

JPL and NASA

Allen’s style also helped rebuild bridges to NASA that had been burned 
by Murray’s political end-runs in the crisis of 1981. Unlike Murray, who 
seemed to relish his charges into the political fray, Allen tried to operate 
outside the down-and-dirty of Washington power politics, although he was 
certainly aware of political factors. In 1987 Caltech trustee Mary Scranton, 
a prime political resource for Murray, prompted Allen about NASA’s politi-
cal situation; Allen replied, “I’m always uneasy about suggesting action in 
the political arena because I don’t understand that arena and since I don’t 
have the answers.”33 That typical self-deprecation may have belittled Allen’s 
considerable experience in Washington, but it did indicate a preference for 
political detachment that reinforced his reputation for integrity.

At times, however, Allen’s aloofness cost JPL. In March 1989 Senator 
Barbara Mikulski, chair of the appropriations subcommittee that determined 
NASA’s budget, visited JPL along with her staff. Mikulski’s district in Mary-
land included NASA’s Goddard Space Flight Center, as well as the Applied 
Physics Lab at Johns Hopkins that built spacecraft for the military. She 
already had a reason to favor her constituents over JPL, but the handling 
of her visit would give her another one. Rather than roll out the red carpet, 
Allen chose to spend little time with the senator and instead had her meet 
informally with managers of individual projects. The approach backfi red; 
Mikulski was miffed at the lack of attention from Allen, and her staff came 
away highly critical of the casual briefi ngs. When word got back to JPL, Al-
len tried to repair the damage with an apologetic letter, but the impression 
remained of an arrogant laboratory with little concern for costs.34

Relations with NASA itself, however, were mostly smooth. Contract 
negotiations in 1982 raised no apparent disputes, and another negotiation 
fi ve years later likewise came out favorably from Caltech’s point of view, in-
cluding an increase in the annual fee of $1.6 million per year, which exceeded 
Caltech’s negotiating target.35 The contract relationship seemed so strong that 
NASA discussed extending it to its other centers. A study report of 1986 cited 
the advantages of decentralized fl exible management, less detailed oversight, 
and easier recruitment of staff outside of civil service regulations. As for the 
disadvantages, JPL had shown that confl icts of interest, diluted commitment 
to NASA, and contract squabbles could be “successfully managed.” The main 
drawbacks would be the cost in time and money to make the change, which 
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in the end deterred NASA from converting, but the discussion indicated the 
prevailing appreciation of the JPL contract. A top-level review of the U.S. 
space program in 1990, known as the Augustine Committee after its chair 
Norman Augustine, similarly advised that if civil service regulations contin-
ued to stifl e recruitment, NASA should switch other centers to the contract 
mode, “using as a model the Jet Propulsion Laboratory.”36

A few troublesome issues lurked in relations with NASA. One was dis-
cretionary funds. In 1983 a panel reviewing federal labs for the White House 
Science Council, known as the Packard Panel after its chairman David Pack-
ard, recommended that labs have up to 10 percent of their budget at the 
discretion of the lab director.37 Even after NASA increased the director’s 
discretionary fund to $3 million in 1986, that still left less than 1 percent of 
the budget as discretionary.38 Albert D. Wheelon, a Packard panelist, Caltech 
trustee, and longtime head of the Hughes space division, observed during a 
visit in 1988 that most aerospace companies usually devoted several percent 
of their budgets to discretionary R&D, as did such government labs as Los 
Alamos and Livermore; he suggested a reasonable fi gure for JPL of $30 to 
50 million a year.39

The lack of discretion exaggerated NASA’s neglect of advanced technol-
ogy. Several microelectronics projects and the hypercube, for example, relied 
initially on discretionary seed money. JPL suffered doubly in comparison 
with the other NASA centers, which had salaries covered separately from 
R&D and hence had more fl exibility; JPL’s discretionary funds were eaten up 
by salaries and could support perhaps 15 full-time researchers. With NASA 
unwilling to provide extra discretionary funds, the alternative was to fi nd 
them internally. But when Allen proposed adding discretionary R&D to 
indirect costs, project managers protested that it would essentially raid their 
budgets to fund advanced research. Allen would instead continue to seek 
increased discretion from NASA, to no avail.40

Another sticking point was patent policy. JPL could not own patents 
itself, and according to NASA regulations and contract provisions the space 
agency owned the rights to JPL inventions since it paid for the work. NASA 
did allow Caltech to petition for a waiver of this rule for certain inventions, 
in which case Caltech could fi le for the patent, license it, and keep the royal-
ties. The institute in effect retained a sort of right of fi rst refusal for promis-
ing inventions. NASA, however, sought to restrict these petitions to cases 
where Caltech could ensure commercial exploitation, and the cost of fi ling 
for patents meanwhile deterred Caltech from often exercising this option. 
Nevertheless, JPL by the mid-1980s consistently accounted for half or more 
of Caltech’s patent fi lings: for instance, forty-nine of the eighty-one applica-
tions for 1988 were from JPL.41 JPL’s work for outside sponsors tested this 
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arrangement, in particular the consideration of work for industry. NASA 
continued to insist that the sponsor, in this case the industrial fi rm, got the 
rights to patents. Donald Fowler, Caltech’s lawyer, asserted that Caltech had 
the opposite policy for industrial sponsors, namely, that Caltech retained 
patent rights and just granted a license, usually nonexclusive, to the spon-
sor.42 The issue revived the fundamental question: was JPL a NASA lab or 
a Caltech lab? Whose policies should apply? In the case of industrial spon-
sors, as with defense work, JPL’s work outside of NASA tilted the balance 
toward Caltech.

JPL and Industry

The patent issue reflected increasing attention to the relation between 
 government-funded research and the private sector. Public concern about 
American industrial competitiveness, especially with the thriving economies 
of Japan and Western Europe, had spurred new policies to help transfer 
technologies from government labs to industry. The Bayh-Dole act of 1980 
encouraged contractors to patent the results of federally funded research and 
thus supported NASA’s policy of letting Caltech patent JPL inventions, and 
the Federal Technology Transfer Act of 1986 promoted Cooperative Research 
and Development Agreements, or CRADAs, between government labs and 
industrial fi rms; similar joint projects with industry had sparked the discus-
sion over patent policy.43

The commercialization of space made it a site of economic as well as 
military competition. In 1982 NASA’s Robert Allnut announced the dawn 
of a new “commercial era” in space: the booming market in communica-
tions satellites was spilling over into launch vehicles, and new markets were 
emerging in remote sensing and space manufacturing. The Reagan administra-
tion meanwhile made privatization a cornerstone of national space policy.44 
NASA, JPL, and the lab’s other sponsors thus sought to encourage technol-
ogy transfer from such programs as microelectronics, but fi rst they debated 
how and when to transfer—for instance, by sending people along with their 
ideas to industry for development, or by releasing technologies after they 
reached the prototype production stage. The hypercube program provided 
just one prominent example of a technology incorporated into commercial 
products through a series of licensing agreements.45

Technology transfer, of course, did not extend to international competi-
tors, at least in theory. Spacecraft systems and components were defi ned as 
export-controlled technology. NASA’s concerns over technology exports 
affected international cooperation on space projects, an objective otherwise 
encouraged. In 1982 Hitachi approached JPL about helping develop synthetic 
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aperture radar systems for Japan. Burton Edelson, the space science manager 
at NASA, strongly urged Allen to terminate the discussions because of the 
economic as well as military potential of the radar: “I would hate to see 
NASA embarrassed by charges that we had created a fi rst-class capability and 
then encouraged it to compete with U.S. industry.” Allen agreed to stop the 
talks with Hitachi, but he noted that NASA itself “has indicated clearly that 
it desires more participation by foreign groups in space science projects” and 
furthermore that the military had sought a greater role for Japan in mutual 
defense. He added, “It is unrealistic to presume that foreign governments 
do not have technological advances in mind when they agree to be major 
participants in space projects.”46 Fears of international technology transfer 
similarly reduced Caltech-JPL collaboration, which NASA likewise sought 
to encourage. The agency refused to let JPL hire Caltech students who were 
foreign nationals, which in fi elds like electrical engineering excluded up to 
half the students. JPL and Caltech fought these restrictions, and others on 
publication of technology research, with little success. Allen, however, would 
win some relief by chairing a National Academy of Sciences panel on export 
controls in 1987, whose recommendations for relaxed controls infl uenced 
congressional revision of the Export Policy Act.47

JPL’s internal growth also affected relations with industry by reviving 
the old make-or-buy question. The need to keep staff levels stable while ac-
cepting more programs encouraged managers to subcontract work instead 
of performing it in-house. The commercialization of space reinforced this 
tendency. Against both of these trends ran the sense that JPL was an engi-
neering organization, and that the shift to managing contracts would erode 
the technical capabilities of the lab.48

Amid these developments, Allen in 1988 asked his friend Albert Wheelon 
to spend a few days at JPL assessing its capabilities. Wheelon, surprisingly 
enough for an industry leader, did not dispute JPL’s desire for in-house work. 
His philosophy at Hughes was never to leave mission-critical components 
to contractors; if you had to have something done right, build it yourself. 
And when JPL did farm out work, Wheelon advised, it should pick the right 
contractors. For some components, such as spacecraft transponders, JPL 
seemed to settle for second-best. And why go to industry in the fi rst place? 
Transponders were critical; a silent spacecraft is worthless. Industrial contrac-
tors catered to the military and communications markets for earth-orbiting 
satellites, whose transponders had much shorter ranges and wider band-
widths than planetary spacecraft. Despite Wheelon’s advice, JPL continued 
to rely on the same supplier, perhaps because of an unspoken preference for 
a pliable contractor, one whose engineers would more easily accept technical 
oversight without questioning decisions handed down from the lab.49
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THE LAB’S GROWTH IN THE 1980S STEMMED FROM THE RECOVERY OF ITS MAIN 
mission in planetary exploration. The recovery, however, rested on plans for 
a new low-cost approach that did not translate easily into practice, and then 
the explosion of the space shuttle Challenger threw the entire space program 
into turmoil. The deep-space program did benefi t from the examination of 
U.S. space policy that followed Challenger, as well as from increasing inter-
national competition—and collaboration. But cost overruns in spacecraft 
development and also technical problems after launches revived questions 
about JPL’s approach at the end of the decade.

Low-Cost Missions Redux: To the Planets, Cheaply?

The immediate source for the recovery was a report by NASA’s Solar System 
Exploration Committee (SSEC), an ad hoc panel of prominent space scientists 
convened by NASA in late 1980 to develop a long-range planetary program 
through 2000 within a limited budget. By summer 1981 the committee was 
converging on a consensus for smaller, cheaper, and more frequent missions. 
Its formal report of April 1983 proposed three classes of missions: a Planetary 
Observer class, under $150 million, for simple orbiters for the inner planets; 
a more ambitious Mariner class, for $300–500 million, for more complicated 
missions to outer planets, comets, or asteroids; and the billion-dollar Viking 
class, which was unacceptable in the existing environment. The Observers 
would derive from commercial, earth-orbiting satellites, while the middle-
class missions would build around a standard, modular “Mariner Mark II” 
spacecraft proposed by JPL—another attempt to capitalize on the Mariner 
brand name. The report also urged that NASA establish a long-term planetary 
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program, with fi xed funding of perhaps $300 million each year, to support a 
series of missions, instead of having to seek separate approval for every new 
project. A stable program, like the Explorer series for astronomy satellites, 
would avoid the feast-or-famine pattern of the previous decade and also 
remove the incentive for scientists to pile objectives onto each spacecraft, as 
they would now be assured of ensuing missions. Standardized spacecraft in 
a long-term program might thus avoid two main drivers behind high costs: 
technology development and proliferating science objectives.1

The SSEC in another respect represented a shift toward emphasizing sci-
ence rather than exploration. Instead of making the public the constituency, 
as Murray had tried to do, the SSEC report made the scientifi c community 
the constituency, albeit with scaled-back ambitions.2 The SSEC plan had 
little to engage the public: there were no rovers, Mars sample returns, or new 
propulsion systems, and only the comet-asteroid mission promised to visit a 
new place. Rather than try to generate interest, the committee assumed a lack 
of political support, owing to decreasing Soviet competition and increasing 
contention within NASA for funds, and chose to live with it.

The Observer class seemed to embrace the logic of LESS, JPL’s earlier 
proposal for cheaper, frequent, focused missions with high inheritance. But 
some SSEC members questioned JPL’s ability to work in the new mode. In 
late 1982 James Arnold of UC San Diego expressed to Lew Allen the senti-
ment that JPL was giving only “lip service” to the Observer concept; JPL 
engineers were instead focused on Mariner Mark IIs, which threatened to 
grow in size and price. Arnold warned that “I (and most members of the 
SSEC) doubt that JPL could manage a small mission successfully,” and that 
“smaller and leaner” labs such as at Ames, industry, or universities might 
make a better claim for such projects. Allen allowed to Arnold that “some 
people [at JPL] may have been prisoners of past successes” but that he was 
encouraging “fresh ideas on how to undertake smaller projects.”3

Allen did recognize the SSEC plan as a good infl uence after the crisis of 
1981. By February 1983 the planetary program seemed to have stabilized, and 
by that July Allen perceived “more work opportunities than we can do.”4 
The SSEC report had listed four missions in order of priority: a Venus radar 
mapper; a Mars orbiter; a comet rendezvous and asteroid fl yby, known by the 
acronym CRAF; and a Titan probe and radar mapper soon called Cassini.5 
NASA had already approved the Venus mission, to launch in 1988, after John 
Gerpheide of JPL presented a plan to cut the costs of the cancelled VOIR 
mission by more than half, from $700 million to $300 million. The proposed 
Venus Radar Mapper would still carry a synthetic aperture radar, but it left 
out the radar’s high-resolution mode as well as all atmospheric experiments. 
Digital processing of the images allowed an elliptical instead of circular orbit, 
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with software correcting for elevation and viewing angle. An elliptical orbit 
in turn eliminated the need for aerobraking and thus simplifi ed operations as 
well as propellant requirements. Instead of separate antennas for radar and 
communications, engineers used just a single leftover antenna from Voyager 
and rotated the entire spacecraft for each function. Other spare parts for the 
mission, renamed Magellan in 1985, included a spacecraft bus and propulsion 
system from Voyager and computers and tape recorders from Galileo.6 The 
Venus mission’s creative recycling justifi ed crow-barring it into the SSEC 
plan, although it was not considered part of the Observer series since it 
did not use a standard, earth-orbiting satellite. The fi rst Observer, the Mars 
orbiter, was shortly approved to begin development in 1985, with a cost of 
about $200 million, and to launch in 1990. In addition to the standard satellite 
bus, development of a standard inventory of instruments and a multimission 
operations system would cut costs for the Observers.7

By the end of 1985 the planetary program seemed back on track. Voyager 
was due to arrive at Uranus in early 1986, followed by the launch of Galileo; 
the Venus and Mars missions were under way, and CRAF was supposed to 
follow as a new start in 1986. JPL had also rejoined the International Solar 
Polar Mission, now renamed Ulysses, and would provide navigation, track-
ing, and mission control for the European spacecraft.8 The new projects 
increased the planetary program 71 percent from 1982 to 1986—and that 
did not include CRAF. Together with the arrival of Halley’s comet and the 
launch of the Hubble telescope in August, the burgeoning slate encouraged 
NASA to declare 1986 the “year of space science.”9 JPL entered that year 
with renewed optimism, which events would soon dispel.

Challenger

JPL staff watched in shock with the rest of the nation as the space shut-
tle Challenger exploded after launch on 28 January 1986. Although their 
thoughts turned to the seven crew members killed in the accident, they also 
recognized the implications for their own work. The space shuttle fl eet would 
be grounded and with it all JPL spacecraft, owing to NASA’s abandonment 
of alternative launch vehicles, and NASA’s resources and attention would go 
to analyzing the cause of the failure and returning the shuttle to service.10

The signifi cance of launch delays grew as confi dent plans for recovery 
gave way to grim reality. At fi rst JPL staff shared NASA’s assumptions, as 
of March 1986, for one year of downtime for the shuttle and a launch rate 
of twenty-four per year by 1990. Instead the delay stretched out to two and 
a half years: fl ights resumed in September 1988, and the shuttle fl eet never 
came close to the expected launch rate.11 The result was a twelve-year gap 
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in launches from Voyager in 1977 to Galileo and Magellan in 1989, with 
Voyager’s infrequent encounters providing the sole sustenance for planetary 
exploration. Furthermore, in June 1986 NASA decided to cancel the Centaur 
upper stage as a booster for space shuttle payloads, owing to the danger of 
carrying a highly energetic, liquid-fuelled rocket in the shuttle bay. The deci-
sion put in doubt the Galileo, Ulysses, and the Mariner Mark II missions, all 
of which had depended on the powerful Centaur to provide velocities beyond 
those of the solid-fuel options. Engineers on the three projects began casting 
about for alternative means to fl y their desired trajectories.12

The combination of delays and redesigns demolished morale at JPL. After 
the Centaur cancellation, Allen lamented that “the decade of the ’80s turned 
out to be a dry hole. . . . Things have gone very sour indeed,” and one anony-
mous administrator declared, “I’ve never been so depressed in my life.”13 
The post-Challenger doldrums at JPL spurred the shift to earth sciences 
and instruments and also briefl y revived the marketing of defense programs. 
Challenger also provoked much examination of the basis for American space 
policy. Motivated by the sense, as Allen privately put it, that “NASA, as a 
space agency, is at risk of becoming largely irrelevant,” a succession of high-
level committees considered the future of the space program.14 First up in 
May 1986 was a White House panel chaired by former NASA chief Thomas 
Paine, followed the next year by a NASA panel under physicist and astronaut 
Sally Ride. Both the Paine and Ride reports envisioned human exploration 
of Mars as the next great goal, a plan that received offi cial endorsement in 
July 1989 when President George H. W. Bush announced, on the twentieth 
anniversary of Apollo 11 and with lofty rhetoric, that the United States would 
return to the moon and then send humans on to Mars.15

The combination of a lunar outpost and human Mars mission, eventually 
called the Space Exploration Initiative, sought to revive the space program 
with ambitious goals. The enterprise was soon overtaken by world events—
namely, the unraveling of the Soviet Union. In the meantime, it renewed the 
debate over robots versus humans in space. The initiative rated science as a 
lower priority than human spacefl ight; the emphasis on the moon and Mars 
left little room for planetary exploration, and robotic spacecraft served mainly 
as advance scouts for human missions. The initial name applied to it in 1989, 
the Human Exploration Initiative, belied the emphasis, although “Human” 
was soon replaced by “Space.” Even before then, Caltech trustees worried 
along with JPL that “the entire SSEC program for the exploration of the 
outer planets has been abandoned in these initiatives.”16 In response, fi rst the 
National Research Council’s Space Science Board in 1988 and then another 
ad hoc White House panel of 1990, this one under Norman Augustine, urged 
that NASA scale back human fl ight and instead emphasize space science.17
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Scientists and JPL staff focused their concerns on the space station, which 
was included in most of the new plans as a stepping stone to the moon and 
Mars. As the shuttle had a decade before, the space station was threatening to 
siphon money from space science, as well as to monopolize shuttle launches. 
Furthermore, its orbit was of little use for Earth observations or for launching 
planetary or astronomy spacecraft, although it might help with sample return 
missions.18 JPL’s history with the shuttle reinforced its traditional aversion 
to human spacefl ight programs and produced widespread opposition to the 
station at the lab. As Robert Staehle remarked, “It was almost a litmus test 
for a JPL person that they hated the manned space program.”19

Not everyone at JPL passed the test. Staehle himself liked human mis-
sions, and a few others in the early 1980s worried that JPL’s disdain would 
cause it to miss NASA’s next gravy train.20 But JPL’s distaste for the space 
station started at the top. Allen preferred “incremental, enabling steps” and 
“less grandiose” programs and viewed the Space Exploration Initiative as 
“perhaps noble, but likely futile.”21 He considered the space station itself a 
boondoggle, and in non-NASA forums—for instance, before the Caltech 
faculty—stated that “JPL is not needed for, and not all that interested in, the 
space station.”22 Shortly after this declaration in 1986, NASA asked JPL to 
take on the job of systems engineering for the space station. Allen swallowed 
his objections and agreed, appointing Richard Laeser to lead a new offi ce in 
Reston, Virginia. Laeser and others soon realized, as Norm Haynes put it, 
that “to do the system engineering on the space station is going to take all of 
JPL,” and the lab gradually withdrew.23

A prime driver for the ambitious space initiatives of the late 1980s was 
the sense, expressed by the Ride report in 1987, that the United States had 
lost “leadership” in space.24 The Challenger accident came amid renewed 
competition from the Soviets, magnifi ed by the subsequent hiatus in Ameri-
can launches. The Soviet missions Venera 15 and 16 had already beaten JPL 
by orbiting synthetic aperture radars around Venus in 1983, and two Vega 
spacecraft had deployed landers and balloons at Venus in 1985 before fl ying 
past Halley’s comet in 1986. By 1985 Lew Allen noted “rising concern about 
the Soviet space program, which appears to be doing the American program 
two years before the Americans.” The following year a National Geographic 
cover story asked, “Are the Soviets ahead in space?”25 The competition in-
creased and shifted to Mars. In 1987 the Soviets startled American planners 
by laying out an ambitious series of Mars missions: redundant spacecraft, 
Phobos 1 and 2, for launch in 1988 to orbit Mars and skim over its moon 
Phobos; two orbiting craft in 1992 to deploy penetrators; rover/penetra-
tor missions in 1994; and a sample return in 1996.26 Although both Phobos 
missions ulti mately failed, they sparked media jokes about the “red planet” 
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and darker warnings about a “space gap” amid the presidential election of 
1988.27

Competition was not confi ned to the Soviet Union. The commercial 
challenge from Western Europe and Japan was expressed also in their ma-
turing space programs, exemplifi ed by their separate pursuit of Halley mis-
sions. NASA managers and advisors, including the Paine committee of 1986, 
stressed that Europe and Japan, as well as China and perhaps India, were 
joining the space race.28 Competition, however, also coexisted with coop-
eration. This is clear not only for Europe—for example, the Netherlands 
provided the satellite bus for IRAS and West Germany a propulsion system 
for Galileo, while JPL participated in Ulysses—but also for the Soviets. As 
with earlier periods of the cold war, the internationalist ideals of science 
spurred collaboration to offset national competition.29 Although the chill in 
Soviet-American relations in the late 1970s curtailed collaborations in space 
from earlier in the decade, by 1984 some thawing was evident. That year 
President Reagan proposed space collaboration as a way to improve ties. 
Although Allen would at times cite Soviet competition to help justify JPL 
missions, he also began urging cooperation to senators and NASA manag-
ers, in part to allow American scientists to capitalize on the active European 
and Soviet programs.30

The delays in American launches following Challenger encouraged such 
considerations, and the emerging Soviet policy of glasnost provided impetus 
from the other direction. In September 1986 Allen and a team of American 
scientists visited Moscow to discuss specifi c possibilities, which led to a joint 
agreement on cooperation in planetary exploration “for peaceful purposes,” 
signed in April 1987. The agreement, however, had modest goals: exchanges 
of data, coordination of planned missions, joint workshops, along with con-
tinued support by the Deep Space Network of Soviet missions.31 The cold 
war continued, and the relevance of planetary spacecraft to national security 
hampered more substantial collaboration, such as joint missions. When the 
two countries agreed at the Moscow summit in May 1988 to extend “space 
glasnost” by fl ying science experiments on each other’s spacecraft, the plan 
foundered on military fears of technology transfer.32

Hence, although JPL scientists would participate in planning and data 
analysis on Phobos and subsequent missions, collaboration with the Soviet 
Union was otherwise limited.33 An ambitious plan by Carl Sagan and Bruce 
Murray, put forth even before Challenger and then taken up widely, called 
for joint human missions under the banner of “To Mars . . . Together.”34 
The initiative fi zzled with the subsequent collapse of Soviet Union, which 
removed incentives to collaboration, both idealistic and practical, along with 
the barriers. But collaboration with Europe meanwhile increased and Japan 
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joined the mix, with JPL, for example, building CCD cameras for a Japanese 
space telescope.35 Together with the prospects of Soviet cooperation, these 
international initiatives increased the complexity of JPL’s external environ-
ment and balanced the competitive aspects of space exploration.

The SSEC Plan in Action

International competition spurred the Solar System Exploration Committee 
to reconvene in the summer of 1986. Committee members cited ambitious 
European, Japanese, and especially Soviet programs, which they had not 
anticipated fi ve years earlier, as reason to rethink their plan, together with 
the consequences of Challenger and a new regime at NASA.36 A year later 
the committee issued only slightly revised recommendations: the existing 
Mariner Mark II program, and a new Mars program to start with the Ob-
server and proceed to rovers and sample return. It thus added an element of 
exploration to the earlier plan’s emphasis on science.37

Beyond specifi c plans, however, the committee raised a general alarm 
about the planetary program, one which echoed in the space science com-
munity at large. As NASA fi gured out how to rebuild the shuttle program, 
and as new studies stressed the space station and human missions, space 
scientists feared getting lost in the shuffl e. Another NASA panel, the Space 
and Earth Science Advisory Committee, summarized prevailing sentiment in 
November 1986 in a report titled “The Crisis in Space and Earth Science.”38 
A month earlier Lew Allen had warned Burt Edelson, NASA’s manager for 
space science, about “the already strained relationship between NASA and 
the planetary science community,” and a year later Edelson’s successor, Len-
nard Fisk, was still bemoaning the “bleak picture” for planetary missions.39

Why the gloom after the rebound in planetary budgets from the early 
1980s? For one, NASA began diverting money from planetary exploration 
in 1987 and 1988. As a cost-cutting measure the agency postponed launching 
Mars Observer from 1990 until 1992. NASA blamed the delay on a projected 
shortage of launch capacity when the shuttle returned to fl ight, but scientists 
argued that an expendable booster could be used and that NASA’s real reason 
was money: $40 million saved in 1997 and $50 million in 1998, although the 
delay would infl ate the fi nal cost of the project. As for CRAF, JPL had ini-
tially sought to start it in 1986, but NASA deferred it fi rst to 1987 and then 
to 1988, with Cassini assumed to follow as a new start in 1991. The deferrals 
impelled planetary scientists to warn that NASA was playing off parts of the 
community against each other, by threatening to take money from CRAF to 
restore the earlier launch of Mars Observer.40

The planetary community also clashed over general approaches to projects, 
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and this division was perhaps a deeper source for the sense of crisis. The cru-
cial development, according to the Space and Earth Science Advisory Com-
mittee, was not the Challenger accident or Soviet competition but rather “the 
trend toward big science.” Planetary spacecraft consisted now of “facility-
class missions,” not a small spacecraft with a single experiment but a complex 
fl ying laboratory with a multitude of instruments. The trend extended to 
astronomy and its Great Observatories, such as the Hubble telescope, and 
in fact was manifest in other fi elds ranging from particle physics to plasma 
physics. The committee thus did not see it as cause for alarm, but rather as a 
natural development that NASA’s plans should accommodate: “the days of 
simple science in space are largely over.”41

This view contradicted the SSEC’s stress on smaller, focused missions. 
But the SSEC plan had also made the scientifi c community the constitu-
ency, which encouraged mission planners to seek a broad base among scien-
tists in order to win support for new missions and hence multiplied science 
goals. This tendency was reinforced by the advisory committees, such as 
the Space Science Board of the National Academy of Sciences, that defi ned 
scientifi c goals for each mission, at times with little consideration for cost. 
In 1988 Caltech’s Jerry Wasserburg blasted such panels for recommending 
 “Christmas-tree missions adorned in excess with experiments of lesser sig-
nifi cance, yielding a fi nal product of excessive cost and high risk. . . . Neither 
the Space Science Board nor any other advisory body may act as if had just 
inherited a candy store and is passing out sweets to all the kids in the neigh-
borhood.”42 The backlash against big science in space contributed to the 
appeal of micro spacecraft; another manifestation of this movement would 
receive offi cial sanction from NASA in the 1990s.

The science community also divided along the old line of science versus 
exploration. Murray, for example, viewed the SSEC plan as a political misstep; 
the public, in addition to scientists, for Murray remained the constituency. 
For this reason Murray, together with Carl Sagan, backed human missions to 
Mars as a way to invigorate the whole civil space program and so raised the 
ire of planetary scientists, who thought that Murray and Sagan’s Planetary 
Society was supposed to be working for them.43 Leaders of the Planetary 
Society and the SSEC recognized perceptions of “confl ict” and “resentment” 
between the two groups; an example was the society’s focus on Mars, which 
led to criticism that it was “soft on CRAF.”44 The Planetary Society at the 
time was also considering whether to try sponsoring its own space missions, 
to demonstrate an alternative to big, science-driven NASA projects. One 
such proposal for a Mars spacecraft stressed that “science should be given a 
low priority on this mission, if it is given any direct participation at all. . . . 
Imaging, imaging, and more imaging is the name of the game. . . . The aim 
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here is to obtain images that are shameless crowd-pleasers and show Mars 
from a human perspective. If that’s not good science, well then tough.”45

These internal divisions indeed contributed to the demise of the SSEC 
plan—or, rather, they were symptoms of the ills that continued to plague the 
planetary program. Of the plan’s two main legs, the Observer line was the 
fi rst to give way. There were four main assumptions behind the plan: cheap 
and frequent shuttle launches; consistent long-term funding; standardized 
instruments; and a modifi ed earth-orbital spacecraft. None worked in prac-
tice. The shuttle was unlikely to provide the fi rst requirement even before the 
Challenger accident. The second, for a line item in the annual NASA budget 
for the Planetary Observer program, was rejected by the Offi ce of Manage-
ment and Budget in 1984 at the same time the individual Mars project was 
approved.46 The refusal of federal budgeteers to yield long-term budgetary 
discretion in turn affected the selection of instruments. These were sup-
posed to be treated as a single payload, in effect making the instruments fi t 
the spacecraft instead of designing the spacecraft around the instruments.47 
For Mars Observer, however, a science working group allowed instruments 
to be integrated individually instead of bundled together, which a JPL man-
ager warned would yield “control over the experimenters’ appetites.”48 Sure 
enough, science teams proposed an array of fruitful experiments, and by 1986 
NASA managers had accepted a complement of instruments that exceeded 
the design payload. To make matters worse, several of these instruments 
were not well understood, as the Observer concept assumed, but rather were 
highly developmental and hence were found to need more money, mass, 
and electrical power than expected.49 The fourth and fi nal assumption, of a 
modifi ed earth-orbiting satellite, would prove equally unworkable, as the 
modifi cations required for deep space erased the expected inheritance.

Enhancements helped drive the budget from initial estimates of $293 mil-
lion to more than $500 million by October 1987. The cost growth came from 
instrument and subsequent spacecraft modifi cations and from the decision 
after Challenger to delay the launch two years.50 These factors do not absolve 
JPL itself. A sense persisted that the lab was “neither interested in the project 
nor willing to take on the job of bringing it to fruition.” That was the judg-
ment in 1988 of Michael Malin, head of the camera team. Unlike James Ar-
nold, who had earlier questioned JPL’s commitment to the low-cost Observer 
concept, Malin criticized JPL’s “unwillingness . . . to recognize the impor-
tance of Mars Observer beyond the limited scope originally viewed for the 
mission.”51 Malin’s camera typifi ed the ambitious proposals helping to drive 
up costs, but he may have had a point about JPL’s apparent indifference. The 
lab had consistently underspent allocated funds, up to about one-third of the 
planned budget by April 1987, suggesting a tepid commitment to the work.52
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Another factor driving cost growth was NASA’s and JPL’s willingness to 
back-load the budget, accepting larger long-term costs in order to  present 
lower short-term budgets. The launch slip to 1992 was a prime example. 
NASA blamed the delay on a lack of shuttle launches but refused congres-
sional and contractor offers to help fi nance an expendable launch vehicle for 
1990 (and the 1992 launch ended up using such a rocket anyway); the agency 
instead appeared set on saving $70 million in the next two years in exchange 
for higher fi nal costs of $125 million. Those estimates soon infl ated further, 
as JPL, NASA, and scientists took advantage of the delay to upgrade the 
spacecraft and instruments, with congressional support. The project manager 
at JPL declared in May 1987 that the launch slip “created something of a 
new situation and some of the limitations of the past may no longer apply.” 
JPL managers increased reliability by purchasing a backup spacecraft and 
adopting a more thorough testing regimen. They also allowed the scientifi c 
teams to enhance instrument reliability and performance, in part to exploit 
increased mass and power margins, which in turn required redesign of the 
spacecraft. Although NASA sought to cut costs the following year by cut-
ting or scaling back certain experiments, many enhancements crept back in 
ensuing years to push budgets ever higher.53 By the time it launched in late 
1992, Mars Observer had taken eight years from start to launch and $959 mil-
lion, including the launch vehicle, a far cry from the $150-million Observers 
contemplated by the SSEC plan of 1983.

There was plenty of blame to go around for Observer’s expansion, start-
ing with the old problem of the shuttle as launch vehicle and the refusal of 
a consistent long-term program. The science community then unsurpris-
ingly sought to maximize the scientifi c return; NASA managers indulged 
the scientists and in general tolerated long-term cost growth for short-term 
savings. The contractor, RCA (later bought by General Electric), was accused 
of lowballing its initial bid; JPL managers then complained that the company 
resisted JPL oversight and, with a fi xed-price contract, “kept sticking it to us 
with the slow reveal,” gradually divulging a series of overruns.54

But responsibility for project management ultimately resided at JPL, and 
the history of Observer suggested the lab could not keep the lid on costs. 
NASA managers thought the lab responded slowly to budget overruns and 
then resisted plans to cut costs.55 JPL staff recognized at least the perception 
of complicity. In 1989 fl ight projects director John Casani commissioned a 
study of the project by Caltech economists. The resultant report ascribed 
some of the cost growth to JPL itself; it also concluded that within six months 
of approval the project had departed from the Observer concept.56 Subse-
quent actions abandoned it altogether. Instead of a series of standardized 
spacecraft, the Mars mission was the fi rst and last in the Observer line. As a 
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programmatic initiative, Observer had failed long before it reached the launch 
pad. And its troubles were not over yet.

The collapse of the SSEC plan was also apparent in its other main com-
ponent, Mariner Mark II. As with Observer, Mariner Mark II assumed that 
NASA would reward discipline on the part of JPL and planetary scientists 
with consistent funding. By 1985 Allen was pointing out to NASA that delays 
in the approval of CRAF, the comet-asteroid mission, threatened the arrange-
ment.57 Competition among disciplines also continued to undermine stable 
annual support. As Galileo had contended with the Hubble telescope, CRAF 
lost out to a large X-ray telescope called AXAF and the Topex oceanographic 
satellite.58 The deferrals meant missed launch opportunities and hence new 
trajectories, propulsion requirements, and mass margins for instruments. The 
delay from a 1987 start, for instance, meant the target comet Wild 2 was out 
of range, so plans shifted to comet Tempel 2, which required a 1992 launch; 
additional delays then made the comet Kopff the target.59

Delays in CRAF also pushed back the Cassini mission to Saturn, which 
was next in the queue for Mariner Mark II. Then NASA suggested combin-
ing the two missions, to capitalize on commonality in the Mariner Mark II 
design.60 The two spacecraft would still launch separately, but their design 
and development would overlap. The revamped CRAF/Cassini proposal won 
congressional approval as a new start for 1990, with CRAF due to launch 
in 1995 and Cassini the following year. Less than a year into the project, 
however, NASA found itself eliminating major instruments from CRAF 
in order to meet congressional cost caps, forcing still more redesigns, and 
even these steps seemed unlikely to solve funding problems—as subsequent 
events would confi rm.61

By the end of the 1980s the SSEC plan for a stable planetary program had 
expired. A combination of external factors killed it: the Challenger accident, 
NASA’s focus on human spacefl ight, competition from astronomy and earth 
science, and the lack of a long-term political commitment. But tendencies 
within the program also contributed, including disagreement among plan-
etary scientists over the goals and approach of the program, overambitious 
instrument payloads pushed by scientists doubtful of future missions, and 
acquiescence by JPL and NASA managers in the infl ation of mission objec-
tives, costs, and schedules. The expected benefi ts of the plan—especially cost 
savings from inheritance in spacecraft and instruments—failed to materialize. 
By 1990 the planetary program was back to where it was at the start of the 
decade, struggling to win approval for scarce, big missions and to fend off 
delays and overruns for the projects under development.
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IN SPITE OF THE FAILURE OF THE SSEC PLAN—THE BLOATED MARS OBSERVER, 
the deferral of Mariner Mark II—the decade of the 1980s closed on a gener-
ally upbeat note. The optimism of 1985, dashed by Challenger, returned. 
Mars Observer and CRAF/Cassini, although expanding beyond austerity, 
were still under way. Voyager meanwhile continued to sustain the lab with 
encounters with Uranus in 1986 and Neptune in 1989, and together with 
Galileo and Magellan it combined to restore confi dence at JPL.

Voyager

Amid the drought in planetary launches, the main sustenance for planetary 
scientists in this period came from Voyager 2’s encounters at Uranus and 
Neptune, which extended Voyager’s triumphal tour of the outer solar system. 
But the encounters did not simply entail sitting back and waiting for the 
spacecraft to get there. On the contrary, getting there, and getting data back, 
required much new work. One problem had cropped up just as Voyager 2 
left Saturn. The scan platform—the turntable that held the camera and sev-
eral other science instruments—started sticking, probably because the drive 
actuators had lost lubrication over the several years of fl ight. Careful testing 
freed the platform, but project manager Richard Laeser (who succeeded Esker 
Davis and, before him, Ray Heacock) elected to limit any platform motions 
to low speed, and the threat remained that it might stick again during a crucial 
phase of an encounter.1

Much of the work for Uranus and Neptune involved not correcting 
malfunctions, but rather adapting the spacecraft for the more distant envi-
ronment. Engineering on Voyager was not a case of build-it-and-launch-it; 

T H I R T E E N

Voyager Redux, Galileo, 
and Magellan



Voyager Redux, Galileo, Magellan • 187

instead it became a continuous process through the lifetime of the spacecraft. 
In effect, JPL engineers redesigned the spacecraft while it was fl ying. They 
had to address several issues associated with the fact that the spacecraft at 
Uranus was twice as old and twice as far away as at Saturn. One concern was 
the shrinking supply of hydrazine propellant, which required careful manage-
ment of trajectory and attitude-control maneuvers. Another was the power 
supply from the radioisotopic generators, which by 1986 had decayed from 
470 watts to about 400 watts. At the same time, the spacecraft needed more 
power at its greater distance to run heaters and transmit data. With 400 watts, 
the spacecraft could not run all the subsystems at once—for instance, moving 
the scan platform to take a picture while recording data on tape and beaming 
radio signals through a planet’s atmosphere. Engineers choreographed “a 
careful ballet” of power use, turning instruments, heaters, and other com-
ponents on and off to avoid overloading the power system.2

Another dwindling resource was light, which decreases with the square 
of the distance from the sun. Since the orbit of Uranus is twice as distant as 
that of Saturn, Voyager’s camera would have one-fourth the light to work 
with. Quadrupling exposure times threatened to smear pictures, from both 
spacecraft jitter and its high velocity (almost 15 kilometers per second) rela-
tive to the planets and their moons. For jitter, JPL engineers beamed up 
new software to produce much fi ner control of thrusters and to correct for 
angular momentum imparted by the tape recorder. For high-speed smear, 
they resorted to “panning” the camera, much as a photographer in a mov-
ing car might swing a camera to keep nearby objects from blurring. The 
scan platform, however, had a step actuator whose jerks, however small, 
would also blur pictures. So engineers elected to turn the whole spacecraft, 
by substituting software to bluff the attitude-control system into thinking 
it was drifting to the degree needed to pan the camera. This solution en-
tailed some risk since it meddled with the crucial attitude-control software 
and also interrupted radio communication by swinging the antenna away 
from Earth. It also affected the thermal exposure of the spacecraft, which 
in turn required recalculating frequency shifts to get signals to the crippled 
backup receiver. Project managers judged that the potential science return 
justifi ed the risk—and, again, they were rewarded by the return of sharper 
images.3

Radio signal strength similarly decreases with the square of the distance. 
Voyager radiated its signals into space at 23 watts and it took close to three 
hours from Uranus, and more than four hours from Neptune, for them to 
reach Earth while traveling at the speed of light. Detecting the signals de-
pended on the Deep Space Network; the Voyager encounters would thus 
highlight the central, underappreciated role of the DSN in enabling space 
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exploration—not just JPL projects but all American and, indeed, worldwide 
space missions.4

Telecommunication to Uranus and Neptune required upgrades in hard-
ware and software. For Uranus, engineers merged the signals from the single 
64-meter and two 34-meter antennas in Australia and then arrayed them 
with the 64-meter dish at the Parkes observatory for radioastronomy. For 
Neptune, JPL won approval to enlarge the DSN’s three 64-meter antennas to 
70 meters, and then to combine them with the Very Large Array of 25-meter 
antennas in New Mexico and a 70-meter radiotelescope in Japan, along with 
the Parkes dish (see fi gure 13.1). Together these various antennas managed to 
collect enough bits to support a data rate of up to 30 kilobits per second.5

That still fell below the data rate at Jupiter and Saturn. A single Voyager 
image required more than 5,000 kilobits, and the Uranus encounter would 
return almost 6,000 images, not to mention other scientifi c and engineering 
data. JPL engineers turned to software to enhance data transmission. For 
images, new software programs commanded Voyager to transmit only the 
change in brightness from pixel to pixel instead of the absolute brightness 
for each pixel, halving the necessary bits per pixel. Engineers also changed 
the coding scheme for error detection. Error detection codes added a pat-
tern of binary numbers to the downlinked data, to enable the detection of 
fl ipped bits (for instance, a 0 garbled into a 1 by background noise). The 
Jupiter and Saturn encounters used Golay encoding, where the number of 
code bits equaled the number of data bits, doubling the transmission load. 
For Uranus and Neptune, the Voyager team switched to Reed-Solomon 
coding, which used only one code bit for every seven data bits and hence 
provided a much more effi cient data rate. The redesign was aided by the 
fact that Voyager’s original designers had included the hardware needed for 
Reed-Solomon encoding as a backup to the Golay scheme, but also with an 
eye to the Uranus-Neptune mission.6

The Deep Space Network proved crucial not only to communication, but 
also to navigation. The standard way to locate a spacecraft used radiometric 
data, combining the round-trip signal time, the angle between the beam and 
a reference radio source in the sky, and the Doppler shift to determine space-
craft position and velocity. The Voyager encounters combined radiometry 
with a newer optical approach, which used the spacecraft’s cameras to situate 
it relative to the planets and their satellites. The combination located Voyager 
to within 23 kilometers at Uranus, more than 3 billion kilometers distant.7

The demand for precise navigation stemmed from science and the geom-
etry of the encounter. Unlike the other planets in the solar system, Uranus 
and its satellite system orbited around an axis parallel to the ecliptic (with 
the planet’s south pole pointing toward the sun), presenting a vertical bull’s-
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eye to Voyager. The penalty for poor aim was deducted from the dwindling 
supply of hydrazine propellant: missing the aim point at Uranus by 225 
kilometers took 1 kilogram of fuel to correct the trajectory to Neptune. The 
perpendicular target also concentrated the Uranus encounter into six hours 
on 24 January 1986, as the spacecraft zipped past.8

As before, engineers plotted the trajectory to maximize the science return 
from both planets. The results rivaled those from Jupiter and Saturn. At 
Uranus, fl ight planners had selected the moon Miranda for the closest fl yby, 

Figure 13.1. Seventy-meter antenna at the Deep Space Network station at 
Canberra. Source: JPL Photolab.
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and it did not disappoint. Images of Miranda proved almost as surprising as 
the ones of Io at Jupiter, revealing a cratered landscape scarred by extensive 
regions of sharp ridges and valleys, at some places in angular networks, with 
canyons 15 kilometers deep and sheer cliff faces several kilometers high (see 
fi gure 13.2). Scientists struggled to explain this evidently young terrain and 
pondered whether Miranda had been blasted apart by another large body 
and then re-accreted, or if it had geological activity unexpected at this dis-
tance from the sun, perhaps driven by tidal forces. The larger moons Titania 
and Ariel also displayed fault systems and canyons characteristic of recent 
internal activity.9

Images of Uranus itself showed only a dull blue-green ball, but fi elds and 
particles experiments yielded further surprises, in particular, a remarkably 
nonuniform magnetic fi eld. The data indicated that the planet’s magnetic 
poles were inclined 60 degrees from the poles of rotation, and further that 
the magnetic axis did not run through the center of the planet but rather 
was offset a third of the radius. The odd magnetic confi guration suggested 
dynamic internal fl uid fl ows powering the magnetic fi eld that differed greatly 
from other planets.10

A similarly skewed magnetic fi eld appeared three years later at Neptune, 
tilted 47 degrees from the rotation axis and offset half the radius. The off-
kilter fi elds at both planets suggested that the perpendicular rotation axis 
for Uranus might not be the cause of its magnetic anomaly, and scientists 
struggled to fi nd an explanation for the fi elds. Neptune also displayed strik-
ing weather patterns, including near-supersonic winds and extensive cloud 
formations of hydrogen sulfi de, ammonia, or methane ice crystals, including 
one persistent storm about the diameter of Earth, dubbed the Great Dark 
Spot. At the cold distance of Neptune’s orbit such weather seemed to derive 
energy from internal heat sources. Neptune’s moon Triton meanwhile dis-
played few impact craters amid a varied landscape of ridges and valleys and 
icy plains. The scarcity of craters suggested recent geological activity, a theory 
apparently confi rmed by the appearance of plumes of material 8 kilometers 
high extending from geyser-like vents on the surface (see fi gure 13.3). As with 
Io’s volcanoes at Jupiter, scientists located the engine of Triton’s unexpected 
geological activity in tidal forces from its orbit around Neptune.11

The science results from these encounters fed a stream of scientifi c papers 
and special journal issues.12 More broadly, Voyager 2 continued the earlier 
trend from Jupiter and Saturn in revealing the diversity and dynamic char-
acter of the solar system. The large gaseous planets themselves displayed 
meteorological activity unexpected in the colder reaches of the solar system 
and odd electromagnetic fi elds, from Jupiter’s extended magnetosphere to the 
skewed fi elds of Uranus and Neptune. The dozens of moons of these planets 
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exhibited a surprising range of geological features, including tectonics and 
volcanism similarly unexpected in the outer solar system. Andrew Ingersoll, 
a planetary scientist at Caltech, found that Voyager taught him “a certain 
humility. All the great knowledge we have of the Earth does not generalize 
very well. Uranus doesn’t even generalize to Neptune.”13

Voyager 2, however, also perpetuated the view that the science results 
were really secondary to the engineering achievement. At Uranus, for ex-
ample, commentators marveled that Voyager arrived within one minute of 
the time calculated fi ve years earlier when it departed Saturn. It then skimmed 
past Miranda at 72,000 kilometers per hour, rotating the entire spacecraft for 
camera exposures, and beamed back pictures of 500-meter resolution from 
an altitude of 29,000 kilometers. It repeated this feat at Neptune. Hence the 
conclusion of Burton Edelson, head of space science at NASA, on Voyager: 
“The big accomplishment there is an engineering accomplishment. It isn’t a 
scientifi c accomplishment.”14

Voyager 2, fi nally, continued as an object of media attention and acclaim, 
albeit in different circumstances. Five years had passed since the Saturn en-
counter, and the popular interest sparked by space movies and “Cosmos” 
seemed to subside by the mid-1980s. JPL also now had Lew Allen as director, 
a man whose personal reticence perhaps affected his attitudes toward public 

Figure 13.2. Voyager 2 image of Uranus’s moon Miranda. Source: JPL Photolab.
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relations, at least when compared with the media attentiveness of Murray; in 
1987 Allen demoted the public affairs manager from the lab’s executive coun-
cil.15 By that time the Voyager team had long experience, but that could not 
prepare them for yet another consequence of the Challenger accident. Closest 
approach to Uranus occurred on 24 January. Four days later, scientists and 
reporters at JPL were preparing for a fi nal celebratory press conference when 
the presumably routine shuttle launch playing on background television 
monitors turned into images of disaster. The assembled media decamped en 
masse for Cape Canaveral, depriving the Voyager team its fi nal triumphal 
turn in the spotlight for Uranus.16 Some JPL staff could not help express-
ing bitterness, especially with the space shuttle again as nemesis. As project 
manager Laeser recalled: “We knew we were going to have the cover of Time 
magazine and probably Newsweek, too. We were all charged up. . . . It was 
fascinating to see: the press just evacuated the press room. Everybody was 
down at the Cape or in Houston. We went through and had our encounter 
with practically no news coverage. It was a downer, quite honestly, because 
we had been building up to be national heroes.”17

In addition to Challenger’s immediate impact on the Uranus encounter, 

Figure 13.3. Voyager 2 image of Neptune’s moon Triton, with surface mostly 
of nitrogen ice. Dark smudges in the top half are evidence of dust deposits from 
geyser-like plumes. Source: JPL Photolab.
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some historians have blamed it for a general shift toward a more critical media 
stance regarding NASA.18 But if the Hubble telescope and other publicized 
failures represented and accelerated this trend, press accounts of Voyager’s 
Neptune encounter gave little evidence of it; once again, front-page headlines 
and magazine cover stories gushed over Voyager.19 On the contrary, NASA’s 
evident failings could heighten media appreciation of Voyager’s successes. 
The juxtaposition of triumph and tragedy in 1986 was not lost on Voyager 
engineers or on public commentators. The New York Times, for example, 
used the Neptune encounter to editorialize against the human spacefl ight 
program. In the aftermath of Challenger, and at a time when NASA was 
pursuing the multibillion-dollar space station as a prelude to even more ex-
pensive human fl ights to Mars, robotic exploration seemed to offer a way to 
explore the solar system at less cost and less risk of human life.20

Galileo

By 1982 the Galileo mission for a Jupiter orbiter and probe had survived 
repeated threats of cancellation and delays owing to launch vehicles. The 
original launch date of 1982 had slipped to May 1986, and a series of rede-
signs—from single launch to separated and back, from the solid-fuel Inertial 
Upper Stage booster to the liquid-fuel Centaur—had doubled the cost of the 
mission, from $410 million to $874 million.21

The basic design of the spacecraft itself had already posed formidable 
engineering challenges. Planetary scientists in the early 1970s sought to fol-
low the Voyager fl yby with a more detailed visit to the Jovian system. Plans 
soon crystallized into competing orbiter-probe proposals from Ames, then 
building the Pioneer spacecraft for Jupiter fl ybys, and JPL, home of Voyager. 
The proposals refl ected the design philosophy of each lab and also the old 
split in the scientifi c community between particles-and-fi elds experiments, 
for atmospheric science, and remote sensing instruments, for geology. The 
particles-and-fi elds camp preferred the spin-stabilized Pioneer design from 
Ames, which gave instruments a 360-degree survey of the environment. The 
remote sensing camp preferred the three-axis stabilized Mariner spacecraft 
from JPL, which gave a platform for imaging.22

Ames had the initial advantage. James Van Allen, discoverer of the epony-
mous radiation belts and a senior fi gure in the fi eld, led the particles-and-fi elds 
side. This group perhaps resented JPL’s dominance of planetary missions and 
its historic emphasis on three-axis stabilization for imaging; as John Casani 
put it, atmospheric scientists had “been in the kitchen trying to get into the 
banquet hall for years and years.” Spinning advocates had the Pioneer design 
to promote. Based on the same principle as the rifl e bullet, spin stabilization 
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provided a simple way to guide a spacecraft to its target. It did not require 
the complicated sun and star sensors, gyroscopes, and thruster system of the 
Mariner spacecraft, with their associated mass, cost, and risk.23

NASA picked Ames in early 1975 to design the orbiter-probe as a Pioneer. 
At the time, however, the agency was also conducting its “roles and missions” 
review, which sought to reduce duplication, and so it awarded JPL primary 
responsibility for planetary missions. Several months after the Ames assign-
ment, NASA transferred the spacecraft to JPL. The decision failed to settle 
the scientifi c squabble. Casani recalled imaging scientists clamoring after 
the initial selection of Ames, “you cannot send a major spacecraft to Jupiter 
without cameras.” Then, after the switch to JPL, “the fi elds and particles 
guys are saying, ‘over my dead body, this is our mission, we were the ones 
that put this together, you’re going to come in and stabilize the damn thing 
and take half the value away.’” Van Allen suggested a compromise. What 
about a spacecraft that combined the two designs? Half of it could spin and 
carry the particles-and-fi elds instruments and probe; the other half could 
stand still and carry the cameras. NASA duly approved JPL to pursue what 
was called a spun/despun design.24 The compromise refl ected the common 
tendency to involve as many experiments and institutions as possible in a 
mission’s defi nition in order to broaden the scientifi c constituency and help 
win approval.25

The idea seemed simple. Putting it into practice was not. The combina-
tion had a precedent in earth-orbiting communications satellites that had an 
antenna with a fi xed orientation while the rest of the satellite spun above it. 
A less reassuring precedent was Seasat, which used a slip ring that allowed 
solar panels to track the sun while the spacecraft platform remained station-
ary—and that slip ring was the cause of Seasat’s early demise. But it was one 
thing to despin a small, light antenna on top of a spinning spacecraft of a 
couple hundred kilograms. It was another matter to manage the momentum 
of two massive segments, each in the neighborhood of a thousand kilograms, 
with the despun part requiring very stable and precise pointing for the cam-
era. The spin-bearing assembly connecting the two sat close to the center of 
the spacecraft, requiring engineers to route many subsystems—mechanical, 
electrical, thermal—through it. The propellant tanks, for example, were on 
the spinning section but the motor was on despun side, so that propellant 
lines ran through the annular center of the slip rings.26

The spun-despun design added considerable complexity as well as mass, 
as did the suite of instruments, larger and more complex than on Voyager, 
which in turn complicated the telecommunications, fl ight computer, and 
attitude control. Lew Allen judged Galileo “an order of magnitude or so 
more complex than Voyager.”27 The magnitude of the task became apparent, 
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however, only after congressional approval. The people who wrote JPL’s 
proposal were not the ones who would build the spacecraft. It was hard to 
get experienced engineers interested during the study phase, which meant 
not only that cost estimates could be far off the mark, but also that the pro-
posal writers would not be responsible for their estimate and the engineers 
who built the spacecraft would feel no attachment to the estimate.28 Casani 
assembled a team of spacecraft engineers off of Voyager, who soon “realized 
that it wasn’t going to be anything like the slam dunk that had been repre-
sented in the study activities.”29

This dawning recognition of diffi culty spurred Galileo review boards 
as well as Murray, the old imaging advocate, to suggest dumping the dual-
spin design and going back to a three-axis spacecraft. But by that time the 
engineers had fi gured out how to make the design work, and they could see 
no easier way to satisfy the particles-and-fi elds scientists.30 The dual-spin 
design remained, along with revised cost estimates. As on Mars Observer, 
JPL engineers and scientists together acted to drive up the scope of a mis-
sion. In this case, JPL chose to satisfy the two main groups of planetary 
scientists, remote sensing and particles-and-fi elds, and the scientists helped 
win the new mission. But also as with Mars Observer, it was not just a case 
of indulging scientists; JPL’s internal dynamics were in part to blame, in this 
case its process of cost estimation.

The dual-spin design not only increased the scope of the work; it also 
broke the chain of inheritance with the Mariner series. Voyager had as its 
template the Mariner platform and was supposed to provide a standardized 
model for subsequent missions in the incremental Mariner approach. At the 
time NASA and JPL were backing a program for high-inheritance spacecraft 
as a way to keep costs and risk down, but with Galileo they broke the mold 
technically and programmatically. To Bruce Murray, Galileo represented 
a departure from JPL’s product line, and more basically it reoriented the 
planetary program from incremental missions to a more ambitious, custom-
ized approach.31 Another major difference from previous missions was that 
Galileo did not have the luxury of redundant spacecraft—it was hard enough 
just to get one spacecraft approved—and so JPL had all its eggs in one basket. 
For the Mariner spacecraft to Mars, Viking, and Voyager the lab had built 
two spacecraft for each mission, so that if one failed—as occurred on some 
of the Mariners—a backup was ready to go. JPL’s very success undermined 
this trend, and going two-for-two on both Viking and Voyager made it harder 
to sell the need for redundancy. Without the fallback position of a second 
spacecraft, however, Galileo required more work in the development phase, 
to engineer in reliability.32

John Casani steered Galileo through these shoals as project manager from 
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the outset. Casani had started at JPL as a young electrical engineer in 1956 
and mastered the art of systems engineering on Ranger and Mariner fl ights. 
He displayed a talent for making and enforcing diffi cult decisions while 
maintaining morale with a jovial personal style; Casani could lash engineers 
in a scathing design review and then head out with them to knock back a 
beer. His management of Voyager had confi rmed his approach, but it would 
take all of Casani’s irrepressible humor and persistence to sustain the Galileo 
team through trials that Van Allen compared to the Perils of Pauline.33

Challenger further tested the fortitude of Casani and his crew. At the time 
of the accident the Galileo spacecraft was at Cape Canaveral, in preparation 
for the next launch in May. Instead the spacecraft returned to its crate for a 
degrading retreat back to Pasadena, and the team set about redesigning the 
mission yet again. In particular, the return to the less energetic IUS booster 
required a new trajectory. The earlier, temporary plans for a 1985 launch on 
an IUS had compensated with a so-called Delta-VEGA trajectory, for Delta-
V (or velocity change) Earth Gravity Assist, which sent the spacecraft in a 
long arc around the sun and then past Earth for a gravity boost to Jupiter. 
Roger Diehl and Lou D’Amario now transformed that trajectory into Venus-
Earth-Earth gravity assist, or VEEGA: Galileo would launch toward Venus, 
swing back past Earth and then curve around for a second, very close fl yby 
of Earth to kick it out fi nally to Jupiter.34

The VEEGA trajectory would get Galileo to Jupiter, albeit not until late 
1995. But it also sent the spacecraft, against intuition, into the inner solar 
system as a way to get to Jupiter. That meant still another redesign of the 
spacecraft as it now had to handle the heat near Venus in addition to the 
cold of Jupiter. Engineers added sunshades and thermal blankets and reori-
ented the spacecraft to fl y with the antenna facing the sun for more thermal 
protection—which in turn required additional low-gain antennas and sun 
sensors. In particular, the new route would expose the 5-meter, high-gain 
antenna to too much heat. Engineers had designed the antenna to deploy 
like an umbrella, to make sure it fi t in the shuttle; they now planned to keep 
the antenna folded up until the outward leg beyond Earth. The longer fl ight 
time would also reduce the electric power supply at Jupiter, owing to decay 
of the radioisotope generators. Finally, engineers had to replace many aging 
parts: conductive tapes losing adhesion, electrical cables losing fl exibility, 
corroding metal parts, and fractured O-rings. A NASA manager observed 
that the entire process required “the tear-down, modifi cation, and retest plans 
of what was a fl ight ready spacecraft.”35

One could argue, however, that Galileo benefi ted from the delays. The 
novel dual-spin design, perpetual mission replanning, and the need to with-
stand prolonged radiation exposure at Jupiter had put an extra burden on the 
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design team to meet the launch dates, as did the diversion of much of the team 
early in the design phase to bail out Voyager in its post-launch distress. The 
1982 launch would have been especially hard to meet, and if the shuttle had 
been ready, the spacecraft would have had a dicey trip. Testing revealed that 
electronic memories in the avionics were vulnerable to single-event upset, 
where a cosmic ray fl ips bits; the effect would have constantly reset the com-
puter and put the spacecraft into safe mode, making for an emergency-fi lled 
fl ight. The delay to 1986 allowed engineers to replace the several thousand 
susceptible devices, and also to discover and correct contamination in the 
slip ring that would have intermittently cut off the electrical power supply.36 
Advantages accrued to the instruments as well as the spacecraft. The camera, 
for example, used the new charge-coupled devices, or CCDs, which strained 
Galileo’s schedules. JPL’s instrument engineers wondered in 1983 whether 
Galileo had lucked out with the launch delay, and whether fl ight projects in 
general should pursue technology on a deadline. “The fundamental ques-
tion,” as they called it: “Did the [Galileo] project make the right decision 
when they opted for the ‘new technology’?”37

Even the delay to 1989 proved benefi cial. Norm Haynes, head of the sys-
tems division at the time, recalled: “We found out after we’d gone to Florida 
[in 1986] that we had huge problems in the spacecraft. We had problems with 
the computer memories, we had problems with the propulsion system. So 
we had three years to bring it back to JPL and work some of those prob-
lems out.” And, as with Mars Observer, Galileo engineers saw the delay as 
an opportunity: they were creative people looking for technical problems 
to solve, they knew that certain parts of the spacecraft contained lingering 
weaknesses, and they now had time to reduce the risk. The scarcity of new 
planetary projects no doubt encouraged their desire to fi nd meaningful work 
on Galileo.38

Another obstacle remained before launch. Like Voyager, Galileo used 
radioisotope generators, which converted heat from radioactive decay of 
plutonium-238 into electricity. Flying the toxic, highly radioactive isotope on 
spacecraft required White House approval. Challenger undercut assumptions 
about the safety of shuttle launches and ensured that such approval would 
no longer be routine. In February 1986 the Nation magazine noted that if 
Galileo had ridden on Challenger the explosion might have dispersed pluto-
nium across the Florida coast. The subsequent Chernobyl reactor explosion 
in the Soviet Union intensifi ed fears of radioactivity, and as the launch date 
approached in 1989 activist groups launched a widespread protest, including 
marches at the Cape and threats of a sit-in on the launch pad itself.39 The 
protests attracted much media attention, caught NASA up in nuclear politics, 
and forced JPL engineers into murky statistical assessments of possible health 
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risks not only at launch but also during the two fl ybys of Earth, especially 
the second close one. They insisted that no feasible alternatives existed—solar 
power was too weak at Jupiter’s distance and electrochemical batteries would 
be too heavy—and that the units provided suffi cient containment. Galileo’s 
launch fi nally proceeded, amid heightened security, after the White House 
approved it and a last-minute lawsuit and appeals by protesters failed.40

Galileo launched from the shuttle on 18 October 1989 as the biggest 
planetary spacecraft ever built by the United States. The orbiter weighed 
almost 2,700 kilograms plus the 335-kilogram probe—about 1,000 kilograms 
more than Voyager at launch—and stood 9 meters tall (see fi gure 13.4).41 The 
spacecraft cost $900 million, with another $500 million budgeted for mission 
operations and data analysis—an increase of almost $1 billion from original 
estimates, which the congressional General Accounting Offi ce ascribed to the 
delays and redesigns caused by launch vehicles.42 JPL engineers could fi nally 
celebrate, several years later than planned, and scientists could begin looking 
toward the encounter at Jupiter in 1995. Some of them by that time would 
have devoted almost two decades of their careers to the mission. The launch 
delays had taken a toll on the spacecraft as well, although the engineers and 
scientists did not know it yet. Galileo had more trials to endure.

Magellan

Galileo followed Magellan, launched fi ve months earlier, on its trajectory 
toward Venus. The Venus radar mapper had negotiated its own troubles. 
NASA stressed that it viewed Magellan as a test of JPL’s commitment to low-
cost missions.43 The lab did not pass the test with fl ying colors. Magellan’s 
cost by the time of launch had increased from $300 million to about $550 
million, which returned it to the budget neighborhood of the abandoned 
VOIR.44 A General Accounting Offi ce audit blamed about half the increase 
on Challenger’s consequences and the other half on enhancements and over-
runs.45 As with Galileo, however, delays that infl ated costs also provided relief 
to technology programs that might not have met the original deadline—in 
particular, the crucial synthetic aperture radar.46

Magellan launched on 4 May 1989, the fi rst planetary spacecraft to set 
off from the shuttle. The spacecraft’s namesake had not survived his major 
voyage in the sixteenth century, and the spacecraft threatened to follow suit.47 
It reached Venus on 10 August 1990, and on 17 August began transmitting 
data from the fi rst test runs of the radar. In the middle of the second round of 
transmission, it turned to perform a routine star calibration, which oriented 
the spacecraft gyroscopes against the position of certain stars. But when 
the Deep Space Network began listening for the transmission to resume, it 



Figure 13.4. Galileo spacecraft in the 25-foot space simulator chamber at JPL. 
Source: JPL Photolab.
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heard nothing. Such a loss-of-signal could have meant that the spacecraft was 
healthy and just pointing in the wrong direction, or that it was tumbling out 
of control or otherwise failing catastrophically.48

Engineers soon traced the problem to a loss of the spacecraft’s “heart-
beat,” a memory address in the attitude control computer that switched 
back and forth more than once a second as a way for the main computer 
to monitor the health of the system. The heartbeat loss caused the main 
computer to enter safe mode: it swung the solar panels toward the sun to 
keep the batteries charged and began running through programmed options 
for recovery. One of these steps required another star calibration, at which 
point another failure occurred. The star sensor apparently locked on a fl oat-
ing, refl ective particle that had fl aked off the insulation, and as a result the 
disoriented spacecraft kept the antenna pointed away from Earth. Although 
the emergency had roused the project team in the middle of the night, project 
manager Tony Spear decided to let the spacecraft heal itself. After eighteen 
hours in safe mode it was supposed to start “coning,” or scanning the sky 
with its medium-gain antenna in search of Earth, but after about twelve 
hours a third surprise occurred, this one because of a forgotten fi x buried in 
the computer instructions that interrupted safe mode and began coning im-
mediately. The Deep Space Network soon picked up a faint signal—fi fteen 
hours after fi rst losing it—and replied with instructions for the spacecraft 
to stay in contact.49

Three days later, on 21 August, as engineers tried to fi gure out what 
had gone wrong, Magellan’s signal began fading and then disappeared again. 
Mission control gave the spacecraft four hours to cone and reacquire Earth. 
Meanwhile, the reassembled project team raced to diagnose the new loss-of-
signal. Two factors contributed to the sense of urgency. First, if the spacecraft 
had not pointed the solar panels at the sun, it would be six to ten hours 
before the batteries drained and the spacecraft expired. Second, models at 
contractor Martin Marietta showed that the spacecraft might have started 
rolling back and forth instead of coning, and if so it was either wasting all its 
propellant or, worse, swinging ever harder until it entered a fi nal, fatal spin. 
After the four-hour period ended with no signal, mission controllers decided 
to zap Magellan with all 350 kilowatts from the 70-meter dishes of the Deep 
Space Network, in hopes of punching through a command to the misaligned 
spacecraft antennas. After several such blasts, and seventeen hours of silence 
from Magellan, the network detected a reply. Exhausted engineers in mis-
sion control cheered, or wept; recalled one manager, “It was unbelievable. 
There were tears to be honest with you, because we had no expectation of 
ever seeing that thing again.”50

Even as Magellan resumed radar mapping, people at JPL and Martin 
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Marietta did not understand what caused the loss-of-signals. Similar losses 
continued occasionally to plague the mission every few months, but pro-
grammers had beamed corrective software to help the spacecraft recover 
from such incidents, calming heartbeats in Pasadena if not on the spacecraft. 
Martin Marietta engineers eventually traced the problem to a damaged chip 
in the backup memory of the attitude control computer; the underlying 
cause, however, lay in a software shortcut that sent the computer into a loop 
when certain instructions happened to coincide within the same interval of 
two-millionth of a second (the low probability of coincidence explained the 
infrequency of the events). But other problems had meanwhile cropped up, 
including the failure of one of the tape recorders necessary to store the vo-
luminous radar data before transmission. Then, in January 1992, the primary 
radio transponder failed, and a sort of whistle in the backup transponder 
limited transmission to less than half the design rate. Magellan survived all 
these failures because it had backup systems, demonstrating the virtues of 
redundant engineering.51

By the time of the transponder failure, Magellan had already mapped 95 
percent of the Venusian surface. The synthetic aperture radar revealed the 
detailed geology for previously unseen regions of Venus; at a resolution of 
up to 150 meters, the Magellan images improved on those from the Soviet 
Veneras by an order of magnitude, and the Veneras had only covered part of 
the northern hemisphere, not the entire planet. The images revealed unex-
pected features—for example, dark splotches surrounding a number of cra-
ters, which scientists attributed to “ground slaps” or shock waves generated 
by asteroids when they hit the thick Venusian atmosphere. More generally, 
the images forced scientists to reconcile evidence of strong volcanism with 
crater counts that suggested the Venusian surface was about 500 million years 
old. Two theories competed to explain why the craters survived amid lava 
fl ows. One theory proposed that a period of volcanic activity several hundred 
million years ago had resurfaced all of Venus, after which volcanic activ-
ity declined as the planet cooled. Against this quasi-catastrophist position, 
another theory advanced the more steady-state view that different surface 
regions displayed a range of ages, and that a constant level of volcanism had 
just kept pace with cratering rates.52

To help answer such questions, Magellan scientists sought to shed light 
on the planet’s internal structure through precise measurements of the gravity 
fi eld (deduced from minute changes in spacecraft motion). Magellan’s ellipti-
cal orbit limited the accuracy of these measurements, so engineers planned to 
circularize the orbit through a new technique called aerobraking, which used 
a planet’s atmosphere instead of rockets to slow down a spacecraft. The aero-
braking maneuver started in May 1993 and took about two months,  during 
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which time the spacecraft dipped into the atmosphere 730 times, lowering 
its apoapsis (or highest altitude) from 8,500 kilometers to 540 kilometers at 
very little cost in propellant. The test pleased the engineers, who added it to 
their repertoire for future missions, as well as scientists measuring gravity. 
The data gave evidence of a thick lithosphere or crust, which signifi ed a cool-
ing planet and thus tilted the scientifi c consensus toward the catastrophist 
theory. The thickness of the Venusian lithosphere, up to twice that of Earth’s, 
suggested that Venus was much less like Earth than had been expected and 
perhaps more like Mars.53

Magellan meanwhile continued to accumulate failed components, includ-
ing now a declining power supply and degraded solar panels. More impor-
tant, it had exhausted the willingness of federal budgeteers to fund further 
operations. As with other large federally funded facilities, such as telescopes 
or accelerators, NASA managers had to weigh the marginal cost and return 
of existing projects against the desire for newer but more expensive ones. 
Mission controllers planned a fi nal experiment for October 1994, when they 
sent the spacecraft on a fi ery, fatal descent into the Venusian atmosphere in 
order to test atmospheric properties and spacecraft aerodynamics.54

Happy Days Are Here Again?

In spite of the general internal stability of JPL under Lew Allen, the roller-
coaster ride in the planetary program continued. The crisis of 1981 gave way 
to optimism after the SSEC report; Challenger then cast all in doubt until 
hopes renewed at the end of decade. The return to space after a long hiatus, 
together with Voyager’s fi nal encounter, ended the decade on a high note. JPL 
still lacked a stable, long-term program, however, which it would again try to 
address in the 1990s. And the problems encountered by Galileo and Magellan 
in fl ight and Observer and CRAF/Cassini on the ground might have tem-
pered optimism with a reminder of the pitfalls in planetary exploration.

Another consequence of the interlude in launches also lurked, unac-
knowledged. Constant delays and redesigns got the lab into bad habits. On 
Galileo, Magellan, Mars Observer, and CRAF/Cassini, stretchouts became 
the status quo, and JPL managers and engineers lost the cost and schedule 
discipline they had learned in the 1960s.55 Launch slips turned into opportuni-
ties to improve the mission, as on Mars Observer and Galileo, and perhaps 
appeared to ensure a continued source of work for both individual engineers 
and the institution in general. The Challenger accident, in particular, encour-
aged laxity, but so did NASA’s tendency to defer projects in exchange for 
short-term savings, a tactic accepted by Congress.

One other key trend of the 1980s, diversifi cation, had meanwhile damped 



Voyager Redux, Galileo, Magellan • 203

institutional fl uctuations by diluting the dominance of planetary exploration 
at JPL. Flight projects were still the main mission, but in terms of budgets 
they had declined to only 37 percent of the lab program by 1991: about 25 
percent went to non-NASA work, 20 percent to space science and instru-
ments, and about 15 percent to the Deep Space Network.56 As defense work 
dwindled, however, fl ight projects would acquire renewed focus, albeit in a 
new approach that derived substantially from military programs—even as 
the main impetus for those programs disappeared.
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LEW ALLEN STEPPED DOWN AS JPL DIRECTOR AT THE END OF 1990, AFTER 
reaching age sixty-fi ve. To replace him, Caltech turned to Ed Stone, like 
Pickering and Murray a Caltech professor already familiar with the lab. 
While project scientist on Voyager, Stone had remained on the campus fac-
ulty, honing his administrative skills as chair of the physics, math, and as-
tronomy division and then as head of the California Association for Research 
in Astronomy, the partnership, including Caltech, to build the ground-based 
Keck telescopes. Stone continued his research in space science, including his 
service on Voyager, through his tenure as JPL director. A wiry, bespectacled 
man with considerable enthusiasm for space science, Stone had seemingly 
boundless energy, but his tenure as JPL director would test his ability to 
juggle a number of different tasks.1

Several of Stone’s personal traits recommended him for the job. He had 
demonstrated on Voyager the ability to cajole consensus on priorities, a skill 
required in a period of declining budgets after the end of the cold war. His 
substantial scientifi c reputation bolstered NASA’s relations with the science 
community, and he had also displayed a talent for public relations, another 
valuable trait as public outreach would acquire increasing importance for 
the civil space program. Like Allen, Stone had a reputation for integrity 
and a methodical approach to problem-solving. But although Stone sought 
to avoid mistakes through careful analysis, at the same time he, like Bruce 
Murray, believed himself forced by the environment to undertake revolu-
tionary change. The nature of the change compounded the contradiction of 
the conservative revolutionary: a new mode of deep-space exploration em-
phasized risk-taking, against Stone’s innate caution. At times Stone’s desire 
for consensus led to perceptions of overaccommodation, for instance, by 
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appeasing NASA demands instead of holding out for the interests of JPL. 
But a restrained, logical approach would prove helpful in dealing with a new 
NASA administrator, Daniel Goldin, whose scattershot, often overbearing 
management style scarred other parts of NASA. In this respect, too, Stone’s 
attributes perhaps proved appropriate to the time.2

As Stone made the rounds in Washington in 1990 before starting as di-
rector, he picked up signals that he faced a more diffi cult job than he had 
anticipated. Events were overtaking the prevailing optimistic outlook, such 
as that expressed by the Augustine Committee, which assumed the NASA 
budget would grow at 10 percent a year through the 1990s. Lew Allen had 
warned earlier that year that he did not trust “the projected large NASA 
budget” and that “if it doesn’t come to fruition, we will be subjected to a 
painful downsizing later on.”3 Stone soon realized that he would have to 
administer the pain.

The End of the Cold War

Another characteristic of Stone was his strong view that the end of the cold 
war marked a fundamental turning point for the nation as a whole and for 
JPL in particular.4 The demise of the Soviet Union removed the force that had 
served as the primary driver of the U.S. space program since its inception. 
In addition to continuing debates over NASA’s mission—human versus ro-
botic exploration, earth versus space science—the agency now faced a deeper, 
though related debate about its basic justifi cation. Why should the nation 
devote billions of dollars each year, and the energy of many thousands of 
people, to exploring outer space?

Wesley Huntress, NASA’s associate administrator for space science, de-
clared in 1993 that exploration itself was insuffi cient. “Historical analogs 
show that serious, sustained exploration has only secured government fund-
ing for commercial, military, or religious reasons.” Military competition with 
the Soviets had underpinned the space program in the cold war, but no longer. 
International collaboration offered one alternative (and one NASA would 
invoke for the space station), but Huntress judged this “not a compelling 
reason.” Instead, Huntress declared that “Americans are more pragmatic 
than intellectual; they want real return for their tax dollars,” and he hence 
settled on a primary justifi cation of “near-and far-term economic vitality.” 
The space program supported the aerospace industry, increasingly important 
in the international market for commercial uses of space, and would produce 
longer-term payoffs in technological spin-offs.5

Huntress’s views jibed with new public surveys commissioned by NASA, 
which found that 75 percent of Americans had no interest in space, a propor-
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tion that had remained more or less constant through the 1980s. Of the 25 
percent interested in space, an even smaller fraction considered themselves 
both interested and knowledgeable—and most of those did not want more 
money spent on it.6 Most Americans, that is, were concerned with jobs and 
the economy, not space. In seeking to tap that 75 percent of uninterested 
Americans, NASA followed the lead of the new Clinton administration, 
whose campaign strategy in 1992 had declared, “It’s the economy, stupid,” 
and whose policies now stressed economic competitiveness, especially in 
high technology.

The end of the cold war had a more quantifi able effect on NASA bud-
gets. The twilight struggle left a legacy of large defi cits in the federal budget, 
which led Congress and the Clinton administration to make defi cit reduc-
tion a top priority and put strict caps on discretionary spending, including 
NASA. The space agency got no help from the peace dividend, at least not 
in its budget. NASA and its congressional supporters tried to get defense 
cutbacks applied toward civil space, to no avail.7 As military space budgets 
plummeted from their Star Wars highs, civil space budgets fell with them. 
Excluding aeronautics, NASA’s space budget peaked in fi scal 1992 at $13.2 
billion (in current dollars), then declined to $12.5 billion in 1995; factoring 
in infl ation made the cut even more substantial. Military space had peaked 
in 1989 at $17.9 billion (in current dollars), then declined to $13.1 billion in 
1994 and $10.6 billion the following year. In 1995, spending on the civil space 
program again surpassed the military space program for the fi rst time since 
1981—but only because military funding fell faster than NASA’s.8

As NASA began absorbing budget cuts, JPL managers began to rein in 
and reverse the growth from the 1980s. Although the lab’s budget in constant 
dollars peaked in 1988, the workforce had continued to grow; by 1992 JPL 
staff numbered more than 6,000 Caltech employees and 1,700 on-site contrac-
tors. Stone began drawing up plans to reduce the total workforce by 1,000 
over the next fi ve years.9 And that was not the worst-case scenario. Stone 
and his staff, along with Caltech’s administration and trustees, worried about 
the possible closure of the entire lab, a prospect not contemplated since the 
dark days of 1981. As Caltech president Thomas Everhart noted in 1992, at 
a trustees meeting on JPL, “this is a time of triage—[the] only question is 
what is going to die.”10

The Programmatic Response

As with the early 1980s, when the crisis in the planetary program had pro-
duced the plan for low-cost Observer and Mariner Mark II missions, the 
budget cuts of the early 1990s provoked alarm in the planetary science 
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 community and a programmatic response to cut costs.11 The new plan, 
which would become known as “faster-better-cheaper,” derived from the 
same impulses that drove earlier schemes: namely, that infrequent, complex, 
and costly missions were hard to sell politically, delayed the return of scien-
tifi c data, and increased the consequences of failure. Faster-better-cheaper 
stemmed more immediately from the ferment around microspacecraft in the 
late 1980s, which had spurred talk of launching fl ocks of satellites one-tenth 
the size of existing spacecraft.

The Challenger disaster had meanwhile highlighted the concentrated 
risk of big missions, whose expensive design and testing would come to 
naught if the launch vehicle failed. Challenger also revived the production 
of expendable rockets, and because these were considered less reliable than 
the shuttle, returning to rockets discouraged concentrated risk. At the same 
time, expendable launch vehicles could realize economies in launch costs; 
smaller rockets could launch smaller spacecraft cheaply—a Delta II launch 
cost maybe one-tenth that of a Titan IV—whereas shuttle launches had sunk 
costs no matter the spacecraft size. Thus another cumulative effect of Chal-
lenger was to encourage smaller missions.12

In the late 1980s Geoffrey Briggs, the head of planetary exploration in 
NASA’s space science offi ce, had arranged yet another study on low-cost mis-
sions, called the Discovery working group, which continued in 1990 under 
Huntress, Briggs’s successor. A research scientist in astrochemistry, Huntress 
had come to NASA in 1988 from JPL, where he had suffered through the 
lack of data owing to the lack of launches in the 1980s. He arrived at NASA 
in time to watch Mars Observer double in cost. Huntress thus welcomed the 
idea of more frequent, cheaper missions, and Lennard Fisk, head of the space 
science offi ce at the time, likewise began turning toward a new approach. In 
summer 1991 Huntress and Fisk organized a conference of 60 NASA man-
agers and space scientists at Woods Hole, Massachusetts, an analogue to the 
earlier Solar System Exploration Committee. After considerable debate, the 
conferees agreed to shift the program away from “fl agship” missions and 
toward smaller, more frequent fl ights.13

The Woods Hole meeting continued the debate over big science from 
the 1980s and the emerging backlash against ever-bigger projects. The issue 
affected astronomy and earth science as well as planetary science. In earth 
science, NASA had backed the large platforms of EOS, the Earth Observing 
System; in astronomy, the agency had sponsored one major observatory for 
each of the main portions of the electromagnetic spectrum (visible, infrared, 
X-ray, and gamma-ray). Like a big planetary spacecraft, such as Galileo, 
these missions spread their high cost over many years and promised a wide 
range of science data. But astronomy also had the Explorer class of smaller, 
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specialized satellites, and earth science a similar line of Earth Probes, which 
had produced much important, albeit focused research. NASA in the 1980s 
had backed the evolution from small to big; but the debacle with the Hubble 
telescope’s mirror in 1990 provided the immediate context for the Woods 
Hole meeting. Together with a glitch recently discovered in Galileo’s high-
gain antenna, the Hubble experience suggested the risk of putting many 
science eggs in single baskets. Although big missions remained in the picture 
after Woods Hole, NASA assigned a higher priority to a new Discovery 
series of small, focused planetary missions, to provide the counterpart to the 
Explorer and Earth Probe lines.14

NASA found an ally in the Offi ce of Management and Budget. Like 
Congress, OMB managers guarded against delegating fi scal authority for 
a long-term program, as opposed to short-term projects, to an agency. But 
the current mode of big projects resembled a program, in that each mission 
effectively required many years of funding commitment, and by March 1992 
OMB had announced its interest in smaller missions.15 The next month the 
offi ce of space science presented the Discovery program to Congress. It 
called for missions costing less than $150 million and taking three years from 
approval to launch, to be achieved through focused scientifi c goals, the use 
of “mature instrument and spacecraft technology,” and “the acceptance of a 
modest increase in the level of risk.” The anticipated benefi ts included better 
responsiveness to changing science goals, a broader program, more missions 
for scientists to work on, and more timely data return, which in turn would 
fi t better with timelines for graduate students and hence train new planetary 
scientists.16 The downside for scientists would be a basic change in approach: 
instead of comprehensive data about a few places, they would get limited 
data sets but from more places.

The formal presentation of the Discovery program coincided with the 
arrival of Dan Goldin as NASA administrator. Although regarded as an 
outsider to NASA, Goldin was a longtime space enthusiast who had started 
his career at NASA’s Lewis center before moving to industry, where he rose 
to lead TRW’s space and technology division. Upon his return to NASA 
he vowed to restore the agency to what he called the “Wonder Years” of 
the 1960s, and as a symbolic step toward that end he brought back NASA’s 
old “meatball” logo, which the agency had replaced in the 1970s.17 Goldin 
differed from preceding NASA administrators in his particular interest in 
deep-space exploration. That was a two-edged sword: it ensured attention 
to JPL from the top of NASA, but it also exposed the lab to Goldin’s im-
petuous management style, which earned him a reputation for browbeating 
subordinates and critics into submission.18

It would take more than changing the logo and declaring that “the magic 
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is back” to restore the space program to its former glory.19 Goldin’s rhe-
torical exhortations could not overcome the budgetary climate, which was 
much different from the early days of the agency. Goldin could, however, 
force changes on NASA from his position at the top. While at TRW he had 
proposed a low-cost series of earth-orbiting satellites, which NASA had 
denied amid plans for the big platforms of the Earth Observing System. 
Goldin remembered the rejection, and when he came to NASA he set out to 
eliminate what he saw as NASA’s big-project mentality. Huntress and Fisk 
were ahead of the game; when Goldin arrived asking how they were going 
to reorient planetary missions, they could hand him the Discovery plan and 
add that they had already submitted it to Congress.20

The low-cost approach thus did not originate with Goldin, nor did the 
catchphrase “faster, better, cheaper,” which had been in circulation at least 
since 1990.21 But Goldin embraced it and pushed it hard. Within weeks of 
his instatement he was at JPL announcing a new era, and he would famously 
designate Cassini as the last “battlestar galactica,” a reference to the popular 
television program featuring huge spaceships bristling with gear.22 Goldin’s 
evident commitment soon won what earlier low-cost efforts had not: line-
item status for the Discovery program starting in fi scal 1994.23 That meant 
the program could expect consistent funding each year of $85 million, which 
NASA managers had discretion to dispense to particular projects; they thus 
did not need to sell each individual project to Congress. Assurance of a 
steady stream of projects in turn would decrease the pressure to load each 
spacecraft with an expensive suite of instruments, since scientists now knew 
the current mission would not be the last one in a while.

The Discovery program started with two missions, Mars Pathfi nder 
and NEAR (Near-Earth Asteroid Rendezvous). In 1982 JPL had proposed 
NEAR as a low-cost Pioneer-class mission, to start in 1991 and launch in 
1994.24 Shelved by the subsequent disarray in the 1980s, NASA dusted off 
NEAR for the Discovery program. But JPL’s studies in the early 1990s came 
in way out of the expected cost range, and Huntress and Fisk instead awarded 
NEAR to the Applied Physics Laboratory at Johns Hopkins University, 
which had offered a competing proposal with a much lower budget. The loss 
of NEAR jolted JPL, whose managers had confi dently come to assume their 
claim to every planetary mission over the past twenty years.25

As consolation JPL won Pathfi nder. In the heady days of the late 1980s, 
amid talk of human missions to Mars, JPL and NASA had revived the post-
Viking plans for a Mars rover/sample return mission. The Woods Hole meet-
ing in 1991 led to a redirection of the Mars program, toward a network of 
small landers for meteorology and seismology known as MESUR (for Mars 
Environmental Survey). Both Ames and JPL had sought the demonstration 
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mission for a single lander, which NASA awarded to JPL in late 1991.26 At 
JPL, meanwhile, Tony Spear, the former Magellan manager, had taken over 
JPL’s low-cost proposals after NASA’s frustration with the NEAR submis-
sion. In February 1992 Huntress telephoned Spear to say that JPL could do 
the Mars mission under one condition: it would be a Discovery project with 
a fi xed price of $150 million. NASA called the Discovery version MESUR-
Pathfi nder, although it was soon known more simply as Mars Pathfi nder, 
the name indicating NASA’s expectation that it would show the way to do 
cheaper missions.27 The agency also restored one element of the Mars rover/
sample return, albeit much scaled back in ambition. The Mars rover plans had 
contemplated a burly design of several hundred kilograms; for Pathfi nder 
JPL would build a microrover of about 10 kilograms using an additional $25 
million in NASA technology money.28

JPL managers, however, were not sure they wanted the job. Landing on 
Mars presented diffi cult challenges, more than the lunar or asteroid orbiters 
previously studied for Discovery. Much of the cost of the Viking mission of 
1976 had come from those challenges, yet in constant dollars, Pathfi nder’s 
budget was one-twentieth that of Viking (although Viking also had much 
greater science scope and two landers).29 Norm Haynes, an assistant lab 
director, recalled, “We had no clue how to do a project for $150 million.”30 
When Spear presented Pathfi nder to lab managers, “They’d say, ‘you’re go-
ing to ruin the lab, Tony. You’re crazy.’” But Stone backed Spear and JPL 
accepted the challenge.31

By the time Goldin arrived at NASA to spread the gospel of faster-
better-cheaper, JPL had already won Pathfi nder but lost NEAR, and JPL 
managers had begun holding workshops on “low-cost spacecraft: the wave 
of the future.”32 NASA and JPL managers identifi ed several techniques—
some familiar from earlier low-cost efforts, others new—to build spacecraft 
faster and cheaper: accept limited science objectives, with only a few instru-
ments on a spacecraft; specify a strict cost and accept a fl exible defi nition 
of mission success, instead of vice versa; modify the mission to available 
hardware instead of designing hardware to suit the mission; buy parts in 
quantity, commercially when possible; and avoid excessive testing.33 They 
anticipated feedback effects: for example, Discovery missions would have 
short cruise phases, for earlier data return but also to cut operations costs. 
Shorter cruise phases encouraged engineers and managers to stay with the 
project for its whole lifetime, and that in turn reduced the need for docu-
mentation, since projects need not worry that in ten years an engineer new 
to the team would need to look up the design of some component.34 Finally, 
NASA proposed to delegate authority to a small, centralized program offi ce, 
which would substitute informal communication among individuals for the 
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formal  documentation of systems management; in other words, to replace 
paperwork with teamwork. Faster-better-cheaper thus entailed a retreat from 
the principles of systems management.35

All of these techniques aimed at effi ciencies in cost and schedule. But as 
JPL engineer Jeff Leising asked, “most of us understand what ‘faster’ means, 
and most of us understand what ‘cheaper’ means, but what does ‘better’ 
mean?”36 Better would seem to mean more reliable, but faster- better-cheaper 
accepted more risk than the traditional approach. Better instead seemed to aim 
for more data return, both in frequency and volume, to be accomplished by 
fl ying many more missions. The Discovery program contemplated launching 
one or a few spacecraft each year, but Goldin was soon talking about launch-
ing one a month within a decade.37 Faster-better-cheaper aimed to build a lot 
of spacecraft and launch them often, accepting some failures along the way. 
In other words, the end of the cold war spurred the United States to embrace 
the philosophy of the Soviet space program.38

The Discovery program remained far from Goldin’s goal. Discovery’s 
line-item funding of $85 million per year could cover maybe one mission 
every couple of years. This greatly improved on the existing rate, but not 
enough to reduce risk. It also did not sustain standardization. The initial Dis-
covery plan of April 1992 shared a key drawback with earlier low-cost efforts 
from the 1970s and early 1980s in its reliance on standardized spacecraft and 
components. Spacecraft would carry “mature instruments” and would “re-
quire little or no new technological developments.”39 Since much cost went 
into design and testing, low-cost advocates had long claimed that standard-
ized components would save time and money. But this assumed economies 
of scale that did not exist in the civil space industry. Aerospace fi rms would 
only support standardized lines if a suffi cient market existed, and NASA and 
Congress would not commit to the number of missions necessary to sustain 
such a market, thus dooming earlier low-cost efforts to failure.40

Although faster-better-cheaper resembled the Soviet style of build-and-
launch, Goldin soon seized on the defi ning characteristic of the American 
approach: high technology. Rather than rely on familiar components, Goldin 
instead declared that faster-better-cheaper should push new technologies. 
This was perhaps his main contribution to the faster-better-cheaper phi-
losophy and one that meshed with the Clinton administration’s emphasis on 
high-tech industry. Goldin envisaged a resonance effect: short development 
cycles meant technology would still be new; accepting risk encouraged use 
of new technology; and more use of system contracts with industry would 
promote technology transfer.41 But the old dilemma remained: engineers did 
not want to risk a spacecraft failure by fl ying unproven technology, and 
without fl ight-testing new technology remained unproven. NASA now ad-
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dressed the dilemma by agreeing to pay for fl ight testing of new technologies 
in what was called the New Millennium program, started in 1995.

Another feature of Discovery was that instead of institutions, such as JPL, 
proposing missions, the principal scientifi c investigators did. The principal 
investigators, not NASA, then decided whom to have manage and build the 
spacecraft. So a project could have a principal investigator from JPL, but not 
have JPL as project manager; or it could have a principal investigator from 
outside JPL but a project manager at JPL; or no JPL involvement at all.42 
In practice, many Discovery proposals kept the instruments, data analysis, 
and perhaps mission operations under the principal investigator but turned 
to other labs, including JPL, for systems engineering and oversight of the 
spacecraft.43

NASA’s initial announcement of the Discovery program met an enthu-
siastic response, with 89 scientists submitting proposals, 18 from JPL.44 The 
failure in August 1993 of Mars Observer, the poster child for cost overruns, 
added impetus to the program. In February 1995 NASA announced the 
results of the second round of Discovery selection, which came out like the 
fi rst: JPL lost out to the Lunar Prospector mission from Lockheed (with 
project management by Ames); as consolation JPL later that year won the 
Stardust mission, with Donald Brownlee from the University of Washington 
as principal investigator and a plan to fl y through the tail of a comet and 
snatch a sample of cometary debris for return to Earth.45

The Military Roots of Faster-Better-Cheaper

Why did faster-better-cheaper take root where earlier, similar efforts had 
withered? What was different in the 1990s? Several factors contributed: 
budget cuts, availability of smaller launch vehicles after the Challenger ac-
cident, and problems with big missions like the Hubble telescope, Galileo, 
and Mars Observer.46 Individual personalities played a role as well, especially 
that of Goldin, who often has been viewed as the main driver of faster- better-
cheaper, although the concept predated his arrival at NASA.47 But another 
crucial factor was the availability of military space resources. The end of the 
cold war fl ushed military technologies, techniques, laboratories, and manag-
ers into the civilian space program, where they provided the basis for the new 
approach. NASA could not have implemented faster-better-cheaper without 
the capabilities developed by the military—in particular, the Strategic De-
fense Initiative. SDI projects provided models of the informal, team-based 
approach, and then testbeds for JPL to learn it; SDI project managers per-
sonally implemented it within JPL and NASA; SDI technologies provided 
miniaturized components to underpin the new mode; and SDI labs provided 
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the competitive spur to force JPL to adapt. But military modes would prove 
diffi cult to graft onto civilian institutions and missions, a lesson JPL would 
learn the hard way in 1999.

Goldin himself embodied the military contribution, and his background 
at TRW, where he led the fi rm’s extensive SDI programs, contributed to his 
hiring at NASA. In the early 1990s staff of the National Space Council—cre-
ated by President George H. W. Bush to bring together the heads of various 
space-related agencies, especially the SDI offi ce and NASA—agitated to re-
direct NASA toward SDI methods, including faster-better-cheaper. The criti-
cism eventually forced out NASA head Richard Truly; after fi rst considering 
Lt. Gen. James Abrahamson, former director of the SDI offi ce, the council 
selected Goldin as the one to bring the SDI approach to NASA.48

The existence of the space council itself indicated the increasing integra-
tion of the civil and military space programs. This integration, however, 
did not just occur at high policy levels. Examination of JPL’s experience 
with faster-better-cheaper shows the strong, if little recognized, infl uence of 
military space programs at the level of particular laboratories, projects, and 
technologies. One prime difference for the Discovery program from earlier 
low-cost efforts was its embrace of competition. In 1976 NASA had imposed 
a division of labor, to avoid expensive duplication, and assigned JPL as the 
lead center for planetary projects. Although limited competition remained, 
JPL had no real challenge to its dominance of deep-space exploration. The 
1990s still had tight budgets, but now NASA viewed competition not as 
wasteful duplication, but rather as a spur to effi ciency.

Furthermore, the competition now included non-NASA labs, especially 
in the military. Military space budgets were declining even faster than NASA’s 
and encouraged defense-oriented labs to seek civil projects. Several of these 
labs had capabilities to match their motivation. The Naval Research Lab, for 
instance, had a long history in space fl ight dating back to the 1940s; Lawrence 
Livermore National Lab could likewise point to decades of relevant experi-
ence in its work on nuclear rockets, space-based weapons, and, more recently, 
Star Wars—some of which had helped spark JPL’s work on microspacecraft.49 
Livermore presented a particular challenge, both in its geographical proxim-
ity and its typical ambition. At the time Edward Teller, Livermore’s éminence 
grise, was pushing SDI techniques for NASA missions, and a group of Liver-
more scientists had recently proposed a radical alternative to NASA’s Space 
Exploration Initiative, one that would use infl atable instead of rigid space 
structures, cost ten times less, and take one-third the time.50

JPL’s main competitor would be the Applied Physics Lab (APL), which 
also had a long history in space science and had managed several Explorer 
missions and built fl ight instruments for JPL spacecraft, including Galileo. 
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It did not hurt that APL, like NASA’s Goddard center, sat in the Maryland 
district of Senator Barbara Mikulski, a member of the Senate appropriations 
subcommittee that oversaw NASA’s budget. More important was APL’s ex-
perience on an SDI experiment called Vector Sum or Delta 180, a boost-phase 
intercept demonstration launched in May 1986. APL built the experiment in 
fourteen months from approval to launch, at a cost of $150 million, and in 
doing so provided an important early example of the streamlined manage-
ment approach known later as faster-better-cheaper.51

The end of the cold war drove these management models, as well as their 
parent laboratories, from defense into civil space. The military had demon-
strated how to do a faster-better-cheaper project before the term itself gained 
currency. Wes Huntress, for example, gained his fi rst exposure to small, 
quick, innovative missions as the project scientist on the SDI Pathfi nder 
experiment at JPL. This experience highlighted for Huntress the excesses of 
JPL’s systems engineering, where the insistence on requirements, documenta-
tion, and reviews clashed with the tight schedule and budget and frustrated 
SDI managers.52 In this respect NASA’s later appropriation of the Pathfi nder 
name for MESUR was suggestive: the Mars mission intended to show the 
way for the low-cost approach—and borrowed, apparently unintentionally, 
the name from an SDI mission that had already marked the trail ten years 
earlier.

SDI continued as a source of models in the 1990s. In April 1993 Huntress 
convened a workshop on the Discovery program and brought in several SDI 
managers to share their experience with quick, cheaper missions.53 Huntress’s 
nod to SDI, and perhaps even his push for the Discovery program itself, 
may have served to preempt competition from another NASA offi ce that 
was itself a by-product of SDI. The Augustine panel of 1990 noted that it 
had been “asked to consider whether some altogether new form of man-
agement structure should be established to pursue portions of the nation’s 
civil space program, as has been recommended by various observers. Such a 
model might include an altogether separate agency patterned after, say, the 
Strategic Defense Initiative of the Department of Defense, which would be 
established to pursue major new initiatives such as the Mars exploration 
program.” The committee thought such a sweeping step unnecessary, but 
it did recommend that NASA create a new offi ce to handle robotic and 
human exploration of the moon and Mars. In late 1991 NASA duly created 
the Offi ce of Exploration, known as Code X (the space science offi ce being 
Code S) and hired Michael Griffi n, previously head of the SDI technology 
program (and even earlier at JPL), to lead it.54 The new offi ce tangled the 
lines of responsibility for robotic programs and seemed to intrude on the 
domain of Huntress and Code S. Griffi n viewed low-cost robotic missions 
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to the moon as the starting point for his program and poached lunar scout 
missions proposed for Code S. MESUR remained with Code S, but if Code 
X proved its ability at the low-cost approach, it threatened to take over the 
Mars program as well. Hence Huntress had added incentive to get low-cost 
missions underway in his program.55

The inroads by SDI led JPL’s executive council to ponder the possibil-
ity of “NASA losing control of civil space.”56 The threats extended from 
NASA program offi ces to specifi c projects. One development viewed at JPL 
as a possible “encroachment upon NASA’s charter” was a plan for the SDI 
organization to pursue its own mission to the moon and an asteroid.57 The 
plan stemmed from conversations among SDI managers in 1989 about how 
to “demonstrate to the civilian community the great strides made by the De-
partment of Defense and SDIO in lower-cost advanced space technology.”58 
After more formal discussions SDI approved the mission, called Clementine, 
in 1992 and assigned the Naval Research Lab to build it and Livermore to 
provide the sensors. Clementine had the stated goal of technology demon-
stration, with science experiments at the moon and the near-earth asteroid 
Geographos secondary. In particular, Clementine aimed to demonstrate that 
infrared and ultraviolet sensors from the Brilliant Pebbles system could ac-
quire and track a cold target in space—the asteroid—and withstand cosmic 
radiation. Some observers doubted this rationale and suspected the military 
was peeking its nose into NASA’s tent. Physicist Richard Garwin, a promi-
nent defense adviser and SDI critic, noted that “sending a Brilliant Pebble to 
the moon is an extremely costly way to study its radiation sensitivity.”59

In its size, schedule, cost, technology, and management, Clementine rep-
resented the new approach. The spacecraft weighed 235 kilograms, plus about 
200 kilograms of propellant, and it took less than two years to design and 
launch. It cost $80 million, or one-tenth the cost of Mars Observer, which 
failed just a few months before Clementine’s launch. To achieve these effi cien-
cies the Clementine team eschewed the decision hierarchies, design freezes, 
and documentation of traditional systems engineering and instead delegated 
responsibility to a small project team. The team operated informally and 
with little paperwork, making decisions on the fl y and up to the last minute; 
instead of several layers of management it had two: the project manager and 
everyone else. Although the spacecraft tested a few new, miniature sensors, 
for the rest of the components it sought to use prequalifi ed commercial parts. 
As a fi nal symbol of austerity, the project set up its mission operations in a 
refurbished garage dubbed the Bat Cave.60

Clementine launched in January 1994 and soon returned a trove of images 
from the moon, including evidence of frozen water in a shadowed crater at 
the moon’s south pole.61 As it headed for the asteroid, however, a software 
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error left a thruster open; the spacecraft spun out of control, and Clementine 
was lost and gone forever. The failure might have moderated Clementine’s 
appeal as a model, along with several other characteristics. For one thing, it 
failed despite a relatively easy mission: the short trip to the moon and aster-
oid meant much less need for long-term reliability or autonomy and much 
simpler thermal, power, communications, navigation, and launch require-
ments.62 The lack of documentation made it hard to track requirements and 
design changes.63 Project managers also acknowledged the short time frame 
was too ambitious; the schedule perhaps contributed to the failure by leaving 
insuffi cient time to test software and by overstressing the operations team, 
whose success seemed “to have been as much triumph of human dedication 
and motivation as of deliberate organization.” That at least was the conclu-
sion of a “lessons learned” study of Clementine by the Space Studies Board of 
the National Research Council. The same report observed that Clementine’s 
costs were deceptive, since they did not include technology development 
(borne by earlier SDI programs) or science (covered by NASA’s space sci-
ence offi ce).64

The general reaction to Clementine, however, overlooked these caveats 
and the failure and instead celebrated it as a “model for NASA.” The Space 
Studies Board’s review declared Clementine “an archetype of the ‘smaller, 
faster, cheaper’ approach,” and Wes Huntress similarly cited its infl uence.65 
JPL staff sat in on review meetings on the lessons of Clementine, and a dele-
gation from JPL, led by Stone, visited the Bat Cave for enlightenment.66 At 
NASA, Michael Griffi n brought his personal experience on Clementine from 
SDI to Code X, along with other Clementine managers.67 Thus Clementine’s 
manager, Col. Pedro Rustan, could claim in 1994 that “the changes that are 
going on at the Jet Propulsion Laboratory and NASA headquarters on the fu-
ture of space exploration could not be taking place without Clementine.”68

Rustan’s comment neglected the fact that JPL had already done a faster-
better-cheaper mission, called Miniature Seeker Technology Integration 
(MSTI, pronounced “misty”), run by the same SDI offi ce that sponsored 
Clementine. One might instead view MSTI, together with the earlier Delta 
180, as a forerunner of Clementine. Even if MSTI’s infl uence was confi ned 
to JPL, its effect there was substantial, providing a lab-level counterpart to 
Clementine’s impact on NASA. In 1991 Stone had noted the growing inter-
est in small missions but added, “JPL does not now have the expertise and 
reputation to do them.”69 The lab faced a dilemma: how could it acquire the 
expertise necessary to win small missions without getting the chance to try 
one? The solution: go to the source. Here JPL’s previous experience with SDI 
proved useful. In 1991 the SDI offi ce was planning a series of  satellites to 
track missile launches, explicitly conceived within the faster-better-cheaper 
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approach. An initial MSTI mission would demonstrate the concept and tech-
nologies. In August 1991 JPL won the right to develop MSTI, no doubt be-
cause of its previous experience with acquisition-tracking-pointing systems 
for the air force and SDI in the 1980s, including the similar SDI Pathfi nder 
experiment.70

JPL could thus claim familiarity with the technical requirements, as well 
as with the spacecraft design, a three-axis stabilized, earth-orbiting satellite 
with a swiveling scan platform for the sensors. But if the technical outline 
was familiar, the details were not. JPL had nine months to design, build, 
and deliver the spacecraft, from August 1991 to April 1992. The spacecraft 
would launch that fall on a Scout rocket, which kept the spacecraft weight 
to 155 kilograms, and it cost $15 million (not including the launch vehicle 
or operations, which together were capped at $5 million). To meet this cost 
and schedule, project manager E. Kane Casani—younger brother of John—
adopted a “hardware-driven design,” as opposed to the old “requirements-
driven design.” Instead of defi ning the requirements and then designing 
hardware to meet them, Casani’s team looked at available hardware and 
then defi ned the requirements to suit. This required what Casani called a 
“cultural adjustment” by JPL engineers, who were accustomed always to 
seek optimum performance. For example, engineers found a small leak in 
the propellant system and had to restrain themselves from fi xing it, as the 
supply would still be suffi cient to meet the four-day design lifetime of the 
spacecraft. MSTI also used a spare Magellan battery, although it had four 
times the necessary capacity, and had separate optics for the infrared and 
visual sensors, since coupling the optics complicated the design and testing. 
In the end Casani estimated what a requirements-driven approach would 
have cost and arrived at a fi gure of $100 million, versus $15 million for the 
new hardware-driven method.71

MSTI thus provided a crucial proving ground for JPL’s conversion to 
faster-better-cheaper. Ed Stone in particular offered numerous testimonials 
to its importance, “as an opportunity to show that we are capable of doing 
such a small, quick mission.”72 MSTI launched on 21 November 1992 and 
met its objectives—and then some, surviving at least into March 1993 and 
returning more than 120,000 images, far exceeding its design specifi cations.73 
The lab could now claim experience in the new mode, just as Congress was 
approving the Discovery program. Stone appointed Casani to lead a new 
program to speed JPL’s adaptation to faster-better-cheaper for planetary fl ight 
projects.74

Kane Casani was not the only one to capitalize on experience in military 
missions. The SDI Pathfi nder experiment, in addition to Wes Huntress as 
project scientist, had David Evans as project manager and Glenn Cunning-
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ham as systems engineer. Evans, who had previously worked on the au-
tonomous spacecraft project for the air force and then led the lab’s entire 
defense space effort, went on to manage Mars Observer and in 1992 became 
deputy assistant lab director for fl ight projects. Cunningham succeeded Ev-
ans on Mars Observer, oversaw its replacement Mars Global Surveyor, and 
then ran the whole Mars program at JPL. Evans and Cunningham both had 
much experience with planetary missions and both struggled to keep Mars 
Observer under control, but their background also suggests that defense 
programs helped sustain a source of experienced managers at a time when 
scarce planetary projects were producing few of them. And perhaps exposed 
them to particular approaches: such projects as SDI Pathfi nder and JPL’s 
ultraviolet detector for the Delta series had compressed schedules, tighter 
budgets, and higher risk. Defense manager Jack James had argued in 1985 
that SDI Pathfi nder would counteract JPL’s increasing conservatism and 
added, “The Defense and Civil Programs rather than the NASA Programs is 
the appropriate place to take such risks and to grow our people.”75 A couple 
years later Lew Allen, in a meeting with Caltech’s trustees, had backed smaller 
spacecraft missions as a way to groom young project managers, and the ensu-
ing discussion noted in particular the contributions of defense work in this 
regard.76 It thus might not be a coincidence that the two lead managers on 
the fi rst Discovery mission, Mars Pathfi nder, also had experience in defense 
work in the 1980s: project manager Tony Spear and rover manager Donna 
Shirley. Spear’s work on ASAS differed in important respects from fl ight 
projects, especially concerning risk, but he would also say of that experience, 
“I was learning how to do faster, better, cheaper on that, by the way. It was 
a short, fast thing, pulling people together.”77

JPL’s earlier diversifi cation into defense work aided faster-better-cheaper 
in another way, through advanced technology. Much of the new technol-
ogy considered for faster-better-cheaper derived from military programs. 
Goldin’s main technological inspiration on his visits to JPL came from the 
Microdevices Lab, whose SDI funding was bearing fruit in new, miniature 
instruments and spacecraft components.78 For example, the fi rst two mis-
sions under New Millennium—called Deep Space 1 and 2—included a new 
CCD camera and tiny tunable diode lasers for detecting water on Mars.79 In 
particular, the microspacecraft movement fi nally gained some momentum. 
Faster-better-cheaper did not necessarily mean smaller—sometimes it was 
cheaper to use bigger, readily available components—but smaller did provide 
some economy, especially in the launch vehicle. By 1991 JPL engineer Chris 
Salvo had a proposal to send a 25-kilogram, 60-centimeter-tall spacecraft with 
a single imaging camera to a near-earth asteroid, and had prepared studies 
of similarly sized lunar scouts and microrovers for NASA’s new Offi ce of 
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Exploration. Ross Jones was soon planning what he called second-generation 
microspacecraft, which would further shrink spacecraft to the 5-kilogram 
range. Mock-ups of the second generation attracted the attention of Goldin, 
whose New Millennium program shared many of the same goals, and the 
initiative also won converts at JPL—including Spear, who hailed microspace-
craft as “one of the most important developments for the lab’s future.”80

Rob Staehle meanwhile had caught Goldin’s eye with his microspace-
craft plans for Pluto. As of 1992 NASA, at the recommendation of scientifi c 
advisory groups, was planning a Pluto fl yby as a Mariner Mark II mission, 
with a suite of fourteen instruments and spacecraft subsystems derived from 
Cassini.81 Such a mission required a heavy launch vehicle and a fourteen-year 
fl ight time, both of which multiplied the already high cost. Instead Staehle 
had proposed a 35-kilogram microspacecraft based on SDI technologies, with 
just a CCD camera and a radio for instruments. In May 1992 he noticed that 
Goldin would be visiting Los Angeles to return an Oscar award statue that had 
fl own on the space shuttle. Staehle showed up at the ceremony and button-
holed Goldin to pitch him the Pluto plan, and Goldin quickly approved what 
was called the Pluto Express (now revised to a 100-kilogram spacecraft to 
reach Pluto in seven years).82

By 1993 the microspacecraft plans included fi rst- and second-generation 
concepts and the Pluto Express.83 Three years later microspacecraft remained 
on viewgraphs, not blueprints. The persistent failure to realize the potential 
of microspacecraft had several causes. A debate over the use of radioisotope 
power sources diverted the Pluto project for several years; more generally, 
Staehle’s plan, and his circumvention of scientifi c review, had roused the re-
sentment of space scientists set on a comprehensive, Cassini-class mission.84 
Above all, microspacecraft advocates began to recognize the technologi-
cal obstacles, and the distance from lab bench to launch pad. A wide gap 
separated technology people, who tended toward optimistic projections, 
from spacecraft engineers, who were responsible for delivering a particular 
component on a strict schedule. Microspacecraft in the end fell victim to 
short-term views, both of JPL engineers focused on delivering hardware 
for existing spacecraft, and of NASA managers indisposed to divert money 
from current missions toward technologies whose return lay many years in 
the future.85

JPL’s Adaptation

The fi zzling microspacecraft movement resembled the lukewarm initiation 
of faster-better-cheaper at JPL. In spite of the resources to aid conversion 
and the potential consequences of not doing so, many JPL staff resisted. 
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At the institutional level, JPL managers viewed faster-better-cheaper as an 
insuffi cient business model to sustain the lab, an attitude that went beyond 
the number of employees. A big project, such as Cassini, directly supported 
maybe 500 work-years, about 10 percent of total lab staff.86 But many people 
worked part time on it, and over the lifetime of a long project many more 
people would do so, providing a shared experience. Big missions created an 
identity—or, as Stone put it, “a sense of a community for the laboratory.”87 
Their fi scal infl uence was even greater; at its peak Cassini provided close to 
20 percent of the lab budget. Big projects could thus provide infrastructure. 
They funded new technologies, such as spacecraft transponders or computers, 
and until the start of the New Millennium program in 1995 no such support 
existed in the cost-capped Discovery program.88 Flight projects also paid 
for such items as test facilities and workstations that were then available to 
other projects. The infl uence of fl ight projects extended to the lab’s basic 
rules and procedures: each project at its start issued a complete set of docu-
ments defi ning how the project would be run, and these applied de facto to 
the other lab programs.89

The lab’s executive council thus wondered in 1994: “How can small proj-
ects survive at JPL without a Cassini ‘cash cow’? . . . Without a big project 
how can we train our engineers, develop needed new technologies and at-
tract the best talent?”90 For his part, Stone labeled faster-better-cheaper a 
“cultural change . . . from the project driving the laboratory, to the labora-
tory somehow providing an infrastructure for the projects. You can see it’s 
a different attitude. The projects really were the center because they had the 
money.”91 Deputy director Larry Dumas likened the lab to a large carnivore, 
accustomed to feeding on the occasional large kill, that now had to get by 
on a diet of nuts and berries.92

Adaptation to faster-better-cheaper extended to engineering practice. The 
shift to informal, nonhierarchical teams and little documentation abandoned 
the precepts of systems engineering that had underpinned JPL for thirty 
years. As Kane Casani learned on MSTI, JPL engineers had grown accus-
tomed to design for performance, not cost. Some managers argued that JPL 
should not even try to change: in March 1992 Kirk Dawson, head of all the 
lab’s technical divisions, defended large, in-house fl ight projects as the basis 
for JPL’s reputation and expertise. “JPL will not prosper doing a series of 
small things with off-the-shelf technology (MSTI). Others can do [that] as 
well or better than JPL.”93

The perception thus persisted that JPL really did not want to do things 
quickly or cheaply.94 Despite Stone’s push for change from the top down, 
and the presence of such converts as Spear and Kane Casani, much of the 
lab remained skeptical of the new approach, or at best agnostic; engineers 
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wanted proof to justify the faith of advocates. Many JPL staff doubted that 
the fi rst Discovery mission—Pathfi nder—would succeed. The presence of 
Cassini complicated conversion: JPL could not just drop the old mode for 
the new because it still had to build Cassini, whose high cost, and associ-
ated high stakes, focused attention on it instead of smaller missions.95 And 
JPL’s plans beyond Cassini continued to hedge: the long-range program 
still contemplated occasional big expensive missions.96 When Donna Shirley, 
head of the Pathfi nder rover team, sought out MSTI manager Kane Casani 
for advice on faster-better-cheaper, Casani told her, “You want people who 
have been here more than twenty-fi ve years or who have been here less than 
fi ve years and nobody in between.” The newcomers would not be corrupted 
from working on big missions like Galileo or Cassini, and old-timers would 
still remember the early missions from the 1960s, which had built spacecraft 
fast and less expensively.97

Goldin sensed resistance at JPL, but his style raised hackles there. On a 
visit in September 1994, Goldin gave a long, animated speech to lab staff on 
the global and domestic context and the absolute necessity of adaptation. 
The good news, Goldin announced, was that the survival of JPL was no 
longer in question, whereas “if you asked how JPL was doing a year and 
a half ago—right after the Mars Observer failure—I would have said the 
chances of survival at JPL were 50/50.” The bad news: “JPL will never look 
the way it did. . . . You will not have a $3 billion Cassini. You must erase 
that from your minds.” Resistance to change, Goldin perceived, had caused 
“an underlying fear and anger that permeates things, causing the Lab to be 
somewhat dysfunctional.” In a memorable stunt, Goldin took a tall stack of 
documents from the Mars Global Surveyor project, a replacement for Mars 
Observer, as evidence that JPL stuck to the old bureaucratic ways: “The Mars 
Global Surveyor was supposed to be faster, better, cheaper. [Drops stack of 
operations manuals on table.] Gravity works.”98 JPL employees judged the 
paper drop a “grandstand act” and observed that Goldin’s “very negative” 
tone would do little to help the morale problem he had criticized. They noted 
further contradictions in his philosophy. Goldin asked JPL to take risks, but 
he also announced that the lab could not fail. He had elsewhere warned that 
if Cassini failed—even if the launch vehicle failed—JPL would be “gone,” 
and that “JPL must deliver on Mars Surveyor, and JPL must deliver on Mars 
Pathfi nder—or at least one of them.”99

JPL’s resistance to another element of faster-better-cheaper, competition, 
was exacerbated by perceived claims from the Applied Physics Lab that it 
not only did things as well as JPL, but better.100 JPL’s defensive reaction to 
the small upstart belied the implications of competition. The lab had previ-
ously enjoyed a monopoly because it could claim that no one else could 
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build robotic spacecraft of the same complexity and reliability. But NASA’s 
embrace of competition suggested that other labs had caught up, and it hence 
punctured the substantial pride that JPL had nourished over three decades 
of space exploration.

JPL had sound reasons for resisting competition, however, in particular 
the issue of infrastructure: competition could discourage JPL from long-term 
investments in technology and facilities by raising doubt about future mis-
sions. JPL managers observed that Clementine and NEAR had artifi cially 
low costs because defense programs had paid for the technology and infra-
structure. To NASA managers, however, this was precisely the attraction: 
the need to save money overcame the natural resistance of one government 
agency to give work to another agency’s lab instead of one of its own.101 But 
competition cut two ways. JPL had earlier competed eagerly with Goddard 
for earth-science missions, and JPL’s diversifi cation into earth science, as well 
as astronomy and space-science instruments, had already eased the adaptation 
to faster-better-cheaper by providing projects of similar size and cost. As 
Ed Stone pointed out to lab staff in 1994: “Look at what JPL actually does 
now—mostly small, mostly in-house projects. . . . So for most JPL employees 
the future of smaller fl ight projects is already here.”102

JPL managers did recognize institutional advantages to faster-better-
cheaper as well as the benefi ts to the planetary exploration program. As 
deputy director Larry Dumas put it: “When you have these massive proj-
ects going through the various phases—preliminary design, detailed design, 
integration and test, and so forth—the effect on the Lab was like a snake 
swallowing a pig. You could see this big thing moving through the system, 
and wherever it was at that moment was overloaded. Absolutely overloaded 
on capacities for test facilities, or overloaded on capacities for the design or 
whatever it was—and then it would go on to the next phase, and suddenly 
you wouldn’t have any work for those areas.”103 Stone also tried to turn 
around the argument that the easy missions had been done and that rather 
than simple fl ybys scientists needed to go back for detailed—and costly—
missions with landers, sample returns, and outer-planet orbiters. Stone argued 
that this new era, as he called it, on the contrary allowed smaller missions, 
since scientists could now zero in on local, specifi c phenomena identifi ed by 
earlier comprehensive fl ights.104

Such considerations, and the constant encouragement of Stone, enabled 
faster-better-cheaper to make gradual inroads at JPL. Increasing evidence of 
the new mode’s advantages helped persuade skeptics. By early 1996 JPL had 
one Discovery mission nearing launch in Pathfi nder and another starting in 
Stardust, and the New Millennium program included a fl ight test in 1998 
of electric propulsion called Deep Space 1. The Pluto Express remained on 
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the drawing board, along with another Discovery proposal called Genesis 
to return samples of the solar wind.105 The apparent success of faster- better-
cheaper led NASA to apply it to the entire Mars program, which was be-
coming a focus of planetary exploration. The Mars Global Surveyor cost 
$131 million and would launch in 1996, and to follow Pathfi nder NASA 
planned to send a pair of low-cost missions to Mars at the end of 1998, which 
JPL would likewise oversee.106 Faster-better-cheaper had thus led to plans to 
launch fi ve spacecraft in the next three years, with more in the works. But 
resistance remained, and JPL still had to show that its attempts in the new 
mode, starting with Pathfi nder, would not meet with disaster.

Conclusion

The obstacles to faster-better-cheaper were not only within JPL. The new 
mode required NASA to provide technology funding, Congress to commit 
to a budget line-item for Discovery, scientists to accept specifi c data from 
many places instead of comprehensive data on a few places, and the American 
public to tolerate more risk of failure. To align these interests, and win over 
the skeptics, JPL fi rst had to demonstrate results.

You can’t teach an old dog new tricks. JPL, the former military lab, in its 
thirty-fi ve years under NASA had developed strong ways of doing things, 
and many people there viewed faster-better-cheaper skeptically, whatever its 
advantages to the planetary program. But JPL had learned new tricks before, 
in its diversifi cation into earth science, astronomy, and defense, and some of 
those tricks related strongly to faster-better-cheaper.

The idea of smaller, cheaper, faster missions had appeared before, in the 
1970s and 1980s. Faster-better-cheaper differed in several respects, including 
its accommodation of advanced technology and embrace of competition. 
But the main difference from earlier low-cost models was that faster-better-
cheaper was implemented. Why did it make it where earlier efforts failed? 
The usual answer is that the force of Dan Goldin overcame resistance. That 
is part of the story, but not all of it. A crucial, additional component was 
the role of military models and technologies, especially from Star Wars. The 
end of the cold war not only drove down NASA budgets but also fl ushed 
military labs and technologies into the civil space program.

The Strategic Defense Initiative provided managers who had exposure 
to faster-better-cheaper. It provided management models, especially that of 
fl at, informal teams, for faster-better-cheaper missions. It provided specifi c 
projects, including Delta 180, MSTI, and Clementine, to demonstrate the 
new approach. It provided new technologies: microspacecraft components 
out of SDI programs, and miniaturized instruments and components out of 
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the SDI-supported Microdevices Lab at JPL. And, in case all these proved 
insuffi cient, it provided incentive for adaptation, in the emergence of SDI-
supported labs as alternatives to JPL. Star Wars was not the only source 
of faster-better-cheaper, but the new approach would not have happened 
without it.

That is not to say that the military took over the civil space program. 
NASA would not have welcomed the idea of forfeiting its missions to another 
agency, and not everyone there was convinced of the military approach. Alan 
Ladwig, a policy adviser to Goldin, pooh-poohed the Clementine mode, 
declaring that the United States should not “have to settle for space missions 
conducted out of former garages and things.”107 The Clementine team claimed 
that NASA rejected their subsequent proposals for Discovery missions so as 
not to “contaminate” the civilian program.108 Proposals to fl y a Clementine 2 
to Mars as a replacement for the failed Mars Observer likewise failed to win 
approval.109 The military did, however, maintain a strong role in Discovery: 
the Applied Physics Lab would compete for and win missions after NEAR, 
and the Lunar Prospector went to Lockheed’s missiles and space division in 
Sunnyvale, California, whose expertise derived from extensive military and 
reconnaissance contracts.

Military models did not transplant easily onto civilian missions. The “les-
sons learned” review of Clementine by the Space Studies Board noted “the 
quite different ‘cultures’ operating within DOD and NASA.” The reviewers 
highlighted several differences: “The greater resources available overall to 
DOD versus NASA; The underlying sense of urgency surrounding military 
projects contrasted with the more leisurely pace of civil programs; Less in-
volvement by Congress, and reduced micromanagement on the part of DOD 
leadership . . . ; A narrower, more focused task-force-like management style 
that differs greatly from the broad, participatory approach more familiar to 
members of the scientifi c community associated with NASA’s missions.”110 
The last two, in particular, suggest that military programs such as Clementine 
benefi ted from a relative lack of political accountability, enhanced for some 
projects by classifi cation. JPL’s formal systems engineering may have started 
under military programs in the 1950s, but it had evolved amid intense political 
scrutiny of fl ight failures in the early space race. This basic political differ-
ence underpinned institutional, programmatic, and managerial resistance to 
faster-better-cheaper. It remained to be seen whether the new approach, and 
the military methods it represented, would stand up to sustained public and 
political scrutiny.
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F I F T E E N

Reengineering JPL

THE NEW MODE OF FASTER-BETTER-CHEAPER IN THE 1990S REQUIRED JPL TO 
increase productivity. Amid layoffs and problems with cost control, lab 
managers turned to industrial management philosophies for solutions. In 
particular, they embraced in succession two management theories then 
sweeping corporate America: Total Quality Management, which stressed 
customer satisfaction and employee empowerment, and reengineering, which 
extended the approach by organizing not around particular tasks but around 
general processes. These management philosophies refl ected a general shift 
in corporate organization in the last quarter of the twentieth century, away 
from the classic hierarchical structure of the vertically integrated fi rm to a 
fl exible, nonhierarchical structure that responds to mobility and fl ux. They 
also suggested a reaction against technoscientifi c rationalism in their holis-
tic lingo of enabling, nurturing, and partnering, and a departure from the 
lab’s autocratic regime of systems engineering. But techniques for managing 
manufacturing processes proved diffi cult to transfer to an R&D environ-
ment, and despite a quantitative side that emphasized measurable “metrics,” 
the holistic vocabulary encountered resistance among hard-headed techni-
cal staff at JPL. Lab staff nevertheless expended considerable effort on the 
management philosophies, indicating the amount of adaptation they felt the 
new context required.

The Rise of Corporatism

Total Quality Management, or TQM, originated in Japan in the 1950s, aided 
by the efforts of two American popularizers, W. Edwards Deming and Joseph 
Juran. The Japanese approach centered on “quality circles,” which brought 
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together small, workshop-based groups of employees with managers to 
give shop-fl oor workers a sense of participation in the company and at the 
same time to impart managerial goals to workers. TQM refl ected emerging 
critiques of the dehumanizing tendencies of bureaucracy and of so-called 
scientifi c management, which stressed strict supervision and standardized 
tasks; the push for a consensual approach appeared also in the Management 
by Objectives theory of Peter Drucker and the movement for sensitivity 
training for corporate managers.1

These corporatist theories sought to foster a sense of community within an 
organization, through a participatory, democratic mode of management based 
on cooperation instead of confl ict between workers and management. Giving 
workers a voice in formulating company goals would motivate them to work 
to reach them, thus increasing productivity and making everyone happy. 
Practice did not always follow theory, and the corporatist theories instead 
often offered a benign way for management to pacify labor, but the hope-
ful possibilities convinced increasing numbers of companies to adopt the 
theories. The new management philosophies found wider popularity in the 
late 1970s, amid international challenges to American manufacturing and 
the perceived decline of quality of American products and corporate perfor-
mance. The challenge in particular of “Japan Inc.” spurred major industrial 
fi rms to emulate their rivals and “Japanize” the American corporation. The 
main lesson, according to a Time magazine cover story of 1981: “Individuality 
at some point has to give ground to group needs. . . . Teamwork, however it 
is organized, is still the prerequisite for a prosperous society.”2

These philosophies penetrated the realm of space science and technology. 
The aerospace industry was an early convert to the total quality movement, 
and NASA, which likewise felt the challenge of Japan and Europe in com-
mercial space ventures, was among the fi rst federal agencies to embrace it.3 
In 1982 the NASA administrator made Management by Objectives offi cial 
policy, and NASA soon appointed a special manager to oversee quality and 
productivity in the space program. The NASA policy included quality circles, 
communication among managers and workers, and employee participation 
and in general sought to encourage “cooperation, informal discussions . . . 
decentralization . . . fl exibility and creativity.”4

High-level support did not ensure the conversion of NASA labs. As an 
observer from the aerospace industry noted: “NASA Center personnel are 
not productivity-oriented. They ignore or make fun of it. Get them on the 
bandwagon.”5 The people at JPL declined to climb aboard. Since JPL was a 
contractor lab, both Caltech and lab administrators felt free to reject NASA 
management initiatives not covered by the contract.6 Senior JPL staff viewed 
productivity meetings and seminars as an onerous obligation and a waste of 
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time and tried to get out of them or foist attendance off on subordinates.7 
Lew Allen also objected on principle. He wrote to NASA’s productivity 
campaign manager, “There are fundamental differences between the goals, 
the roles, and, indeed, the very agendas of industrial companies and NASA 
R&D Centers.”8 Allen’s objection identifi ed a fundamental question: did 
management theories developed for the manufacturing industry apply also 
to science and technology? NASA and JPL never resolved this issue.

Total Quality at JPL

Attitudes toward the management theories at JPL changed in the early 1990s. 
The shift stemmed from the changing external context and also from the 
change in leadership at JPL. When Stone took over as director in January 
1991 he had no knowledge of TQM.9 Richard Laeser, the former Voyager 
manager, was working at the time as a special assistant in Stone’s offi ce. 
Laeser had long viewed JPL engineers as defi cient in management skills; he 
had taken a three-month course at the Harvard Business School early in his 
career and continued to take a theoretical interest in the subject. Around 
the time he joined Stone’s staff Laeser encountered TQM, embraced it, and 
began preaching its virtues to Stone. Stone himself had heard about it through 
briefi ngs from aerospace industry leaders, and in April 1991, after only a few 
months on the job, he declared his support of TQM and appointed Laeser 
to a special top-level post to apply it throughout the lab.10

Why the emerging appeal of TQM at JPL? First, it seemed to address 
the demands of faster-better-cheaper. The shift in the new mode to informal 
teamwork and away from the formal hierarchies of systems engineering reso-
nated with TQM, and the smaller projects of faster-better-cheaper further en-
couraged a team-based approach. Faster-better-cheaper also required JPL to 
reorganize to build many standardized spacecraft instead of a single custom 
spacecraft at a time, what one might characterize as a shift from a guild system 
to a production-line model. TQM presented a way to cut costs and schedules 
without sacrifi cing quality. Japanese manufacturing industry, in Laeser’s eyes, 
had proved the merits of “designing the quality in at the beginning rather 
than checking it in at the end. Checking it in was the way JPL worked.” For 
spacecraft, emphasizing design instead of expensive, time-consuming testing 
and reviews might help JPL adapt to faster-better-cheaper.11

TQM also emphasized customer service. JPL staff tended not to think in 
terms of customers for their products, at least in the eyes of NASA, whose 
managers saw themselves as the prime customer. A sampling of NASA man-
agers in late 1991 returned views that JPL was “fat, complacent, arrogant, 
with little regard for cost,” and Wes Huntress complained that JPL engineers 
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tended to tell NASA what the agency should do, instead of responding to 
the agency’s own plans.12 Stone thus presented TQM as a new commitment 
to do “what the customer wants, not what we want,” and hence to get back 
in NASA’s good graces.13

Another incentive for TQM came from the arrival at NASA of Goldin, 
who had championed it during his time at TRW. The agency had itself  adopted 
TQM only a couple months after JPL in 1991.14 In his inaugural speech, 
Goldin declared himself a “true believer” and soon thereafter identifi ed TQM 
as one of two “central tenets” of NASA alongside faster-better-cheaper.15 
Goldin’s faith resonated with that of the incoming Clinton administration, 
which launched its ballyhooed “Reinventing Government” initiative with 
TQM as a centerpiece and with appeals as well to the doctrine of “better, 
faster, cheaper.”16 But while NASA urged TQM on all of its centers, some 
of them only tested the total quality waters, putting up a few posters and 
holding a few workshops; JPL, led by Stone, dove into the deep end.17

TQM also addressed some issues within the lab, especially the familiar 
but increasing complaint about red tape and the need to send decisions to 
senior managers for approval. Something as simple as, say, a request to buy a 
personal computer could acquire several signatures on its way up the hierar-
chy.18 A central goal for the lab’s executive council was to reduce the reliance 
on senior managers, whose power produced “the frustration that exists on 
the part of many in the lower levels of the organization.” “TQM will force 
the empowerment of lower level people”; upper- and mid-level managers 
“need to prepare themselves to relinquish authority and control.”19

Above all, Stone had embraced the need for revolutionary change and 
was casting about for ways to effect it. As Larry Dumas put it, Stone was 
“looking for a horse to ride,” and he jumped on TQM. The management 
initiative intended to address the need, as Stone declared, “to develop a new 
modus operandi, one that requires fewer people to get the job done. Fewer 
people means that the organization as a whole will need to be more produc-
tive. This obviously requires a cultural change. . . . TQM is critical to bringing 
about cultural changes.”20 Among possible management approaches, TQM 
in particular meshed with Stone’s personal preference for consensus instead 
of confrontation. He and several of his staff became enthusiastic students 
of management, subscribing to Business Week and circulating articles from 
Fortune and the Harvard Business Review.21

Installing TQM ended up taking two years, but by the end of 1993 almost 
every employee had gone through “total quality” training, consisting of three 
days of workshops.22 These workshops were funded not through special 
accounts but instead came out of the budgets for fl ight and research proj-
ects—against the objections of technical and NASA managers, who tended 
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to say, “Hey, that’s soft stuff. We don’t want to spend our program money on 
soft stuff.”23 The total quality approach rested on the fi ve “pillars of quality” 
(see fi gure 15.1). Although the vocabulary of TQM included talk of “holistic” 
views, “care-about” meetings with customers, and laboratory “values,” it also 
applied a market-based attitude, evident in an emphasis on customer satisfac-
tion, to an R&D laboratory.24 The central pillar of quality, “measurement,” 
also betrayed a quantitative side to TQM. As the standard refrain ran, “If 
you can’t measure it, you can’t manage it.”25 Hence TQM stressed the use 
of metrics, and lab managers tried to quantify the care-abouts by having the 
customers—that is, NASA program managers—rate JPL’s performance.26 
Senior managers also engaged in quantitative exercises, for instance, rating 
the dialogue and output of senior staff meetings.27

The TQM lingo could not hide less rosy connotations of the new envi-
ronment. JPL implemented the new approach amid projected staff cuts of 
30 percent from 1992 through the end of the decade. TQM might thus seem 
an underhanded attempt to pacify employees. That is how labor unions in 
general had viewed it, as another ploy by management to boost productiv-
ity without real compensation to workers, providing just a phony sense of 
participation instead of money and benefi ts.28 At JPL, however, TQM did 
not appear to be a direct response to labor problems. Stone had already 
settled on TQM before the downsizing problems fully emerged, in an ap-
parently earnest effort to control costs and cut bureaucracy.29 JPL staff were 
employees of Caltech and continued to present little threat of unionization, 
and as an R&D organization JPL did not face the same labor pressures as 
manufacturing industry.

From Quality to Processes

If TQM was intended as a labor appeasement tool, it failed. Despite the ap-
parent lack of a connection, the coincidence between downsizing and TQM 
seemed more than that to some staff, who wondered whether “you are only 
doing this so you can lay me off.”30 The new management approach was not 
a pacifi er but an irritant to many JPL engineers and scientists, who viewed 
the workshops and paperwork as a hassle and the underlying philosophy as 
suspect, and middle management appeared reluctant to empower subordi-
nates. In a lab-wide employee survey in 1993 less than half of the respondents 
viewed their immediate supervisor as committed to the initiative. A simi-
lar survey two years later likewise showed lukewarm support from middle 
management, and more than half of the lab staff doubted even the executive 
council’s commitment.31

As with faster-better-cheaper, TQM undermined basic precepts of sys-
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tems engineering that had supported JPL for thirty years. Project managers 
were often hard-driving autocrats; as Voyager manager Norm Haynes put 
it, they “were culled out to be sort of rugged individualists.”32 The other-
wise good-natured John Casani, the epitome of the breed, was also known 
as the “Ayatollah Casani.” At one point a consultant gave a personality test 
to senior managers; at one end of the scale were the counselor types, such 
as the professorial Stone, and at the other were what Casani called the “leg 
breakers,” including himself.33 Deputy director Pete Lyman, who himself was 
said to “manage by embarrassment,” appreciated some aspects of TQM but 
viewed Laeser’s initiative as a token effort. As Laeser recalled: “Pete didn’t 
expect that the outcome of this was going to be—to put it quite bluntly—a 
clear statement that we didn’t want to manage the way Pete Lyman managed 
anymore. . . . Command-and-control was out. That was really the bottom 
line. Teams were in.” Lyman soon retired and Stone replaced him with Larry 
Dumas, who proved sympathetic to the new approach.34

Figure 15.1. The fi ve pillars of quality in Total Quality Management. Source: JPL 
165, 2/18.
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By 1995 the perception prevailed among JPL staff “that little progress 
has been made since TQM.”35 Larry Dumas recalled the whole initiative as 
“god-awful painful,” a sentiment seconded by Laeser: “It was a tooth- pulling 
exercise, because the executive council were all people who had grown into 
the position that they had [by] doing things a certain way. And now they 
were being asked to lead the laboratory in doing things a different way. And 
there was major resistance—major resistance. And that’s the story for the 
next decade.”36

One of the hang-ups for TQM had been its use of fl ow charts to dia-
gram processes. A Laeser memo of 1993 reported: “The JPL culture does 
not typically think of work as a process with a fl ow that can be diagramed. 
Thus, even with TQM pressure to fl owchart, deep-rooted culture drives 
[ JPL staff] to resist it.”37 Despite this sentiment, Stone and Laeser turned to a 
new philosophy that made fl owcharts and processes a fundamental principle. 
Laeser had recently come across the theory of “process-based management,” 
the centerpiece of a movement in the 1990s that Michael Hammer and other 
 management-consulting gurus called “reengineering the corporation.”38 He 
came away a convert and became, in his own words, “a disciple of Mike Ham-
mer.” Laeser brought the gospel to Stone, who agreed to reengineer JPL.39

Reengineering shared several attributes with TQM and could be seen as 
one more step of “continuous improvement.” Dumas recalled the execu-
tive council’s sense that “we’ve gotten about all we’re going to get out of 
TQM—let’s focus on reengineering as a possible mechanism for taking us 
to the next level.”40 Employees, however, viewed reengineering as “the fad 
de jour,” according to a staff report: “many fail to see any common thread 
between TQM and reengineering and some believe that reengineering is a 
replacement for failed TQM.”41 One similarity lay in the need to address 
faster-better-cheaper. The many missions anticipated in the new mode would 
require many managers, and this in turn would entail standard processes 
to guide them—especially since many of the managers would lack expe-
rience. With faster-better-cheaper, instead of a single project propagating 
documents that defi ned the way the rest of the lab worked, the lab would 
defi ne the way the projects would work; that is, the lab would standardize 
projects instead of projects setting standards for the lab.42 Also like TQM, 
reengineering aimed to involve lower levels of the lab. In late 1995, after four 
years of TQM, lower-level technical staff still complained of a “disconnect” 
with senior management.43 According to Laeser, the new policy involved 
removing “process and rule-making responsibility from a chosen and senior 
few, who are distant from the real work, and placing it with many who are 
close to that work,” that is, “at the lowest practical organizational level of 
the Laboratory.”44
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Finally, reengineering likewise aimed to reduce the bureaucracy, in particu-
lar by streamlining rules. By the 1990s JPL had accumulated more than fi fty 
years’ worth of rules, which in general were retained, not retired. The re-
sult was fourteen thick volumes of administrative guidelines. There were 
reasons for all this red tape: the proliferation of written rules at JPL was 
driven by the need for absolute reliability and government accountability. 
The lab now sought to simplify these rules and also to move them from the 
administrative manuals to searchable online databases, in which an employee 
could quickly learn, say, how to request a new offi ce computer or hire a lab 
technician.45

A more fundamental aspect of reengineering, and one that differentiated 
it from TQM, was its organizational structure, or, rather, its attitude toward 
structure itself. TQM had left JPL’s matrix organization intact, but the lab 
now used reengineering as a reason to switch from an organization based on 
function to one based on process, with process defi ned vaguely as “an orga-
nized group of related activities that together create an outcome of value.”46 
Managers identifi ed fi ve general processes at JPL, each of which comprised 
a number of subprocesses and then sublevels, and at each level a particular 
process had a “process owner” to oversee it. By delegating responsibility 
down these tiers of processes, the lab hoped to empower lower-level staff. To 
highlight the organization around dynamic processes instead of static func-
tions, reengineering replaced the standard, hierarchical organization chart 
with a profusion of fl owcharts. Flowcharts, of course, were not new to JPL, 
since systems engineering also relied on them. But reengineering raised fl ow-
charting to an art form and to a new level of abstraction (in addition to new 
status as a verb). Instead of specifi c functions or milestones on a schedule, 
these new fl owcharts traced the generalized transformation of information 
and resources as the inputs and outputs of each process (see fi gure 15.2).

All of this added up to what one consultant described as a “paradigm 
shift.”47 Reengineering, according to a typical Hammer presentation, pro-
vided “a holistic perspective on work,” one in which “intuition is as good 
as knowledge”; it switched from the belief that “controlling knowledge is 
power” to “sharing knowledge is power.”48 Laeser at the time called it “a 
major shift in perspective: from the vertical, hierarchical structure of the 
Industrial Age to the responsive, workfl ow-based organization of the Infor-
mation Age.”49 These techniques thus brought to JPL the transition from the 
rigid, vertically integrated modern corporation to the fl exibility, mobility, 
and fl ux of the postmodern fi rm.50
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Consequences

What was the effect of reengineering on the work of JPL? It did get the mas-
sive rulebooks online, in searchable databases.51 According to  measurable 
metrics, it improved the length of time to process purchase orders and fi nan-
cial reports, although data for other performance categories was ambiguous.52 
Stone cited the restructuring of Voyager mission operations, which switched 
from functional to process-based teams and cut staff in half. The restructuring 
achieved this effi ciency by making each individual do a broader range of work; 
Stone replied that “jobs are more demanding, but also more interesting.”53

Beyond concrete payoffs, the management techniques in general con-
veyed the need for new ways of thinking. Dumas, once again: “We had to 
shake up the Laboratory; we had to shake it loose from the tried and true 
ways of doing business.”54 In particular, TQM and then reengineering spurred 
JPL staff to think in terms of customers and products, not only with respect 
to the main customer, NASA, but also within the lab. JPL engineers and 
administrators alike began to recognize, in Stone’s words, “that when you 
do your own job you’re actually doing it for somebody else. You’re not do-
ing it for yourself. You’re doing it for somebody else, somebody else who 
needs something.”55

Like TQM, however, reengineering management had its drawbacks. A 
devotion to the concept of a customer could have ill effects, in reducing the 
lab’s independence and fl exibility; believing the customer is always right 
could lead JPL to accept unreasonable demands. In one TQM talk, for ex-
ample, Stone noted that satisfying the customer meant that JPL had to “make 
a deal and stick to it.”56 JPL and NASA together would learn the price of 
such an attitude. The management improvements had more immediate costs 
in money, time, and effort. As with TQM, implementation of process-based 
management went on for years: it started in 1995 and required frequent 
meetings and memos into 1999.57 The material costs included consultants, 
seminars, workshops, and training manuals, all of which came out of budgets 
for fl ight projects, research, and technology, and all at a time of fi scal belt-
tightening—and some of the consultants did not come cheap. Then there was 
the time and effort. Countless memos, viewgraphs, meeting minutes, and 
iterated revisions of fl owcharts indicate the work involved. If reengineer-
ing aimed to reduce paperwork, it failed in the short term. Stone and the 
executive council devoted considerable attention to these management issues 
over a span of several years, attention necessarily diverted from the technical 
program, and the steady stream of seminars likewise distracted lower-level 
employees from their jobs building hardware and software.58

The management initiatives also occupied several senior staff full time. 
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When Stone took up process-based management, he and deputy director 
Dumas assigned it top priority. As Dumas put it: “We had to decide whether 
we really were going to put the fi rst team in and assign a whole bunch of 
people full time to this, or were we going to try to work it with whomever 
we could fi nd part time and cobble it together. And we decided to take the 
plunge.” They pulled several key managers from their programmatic posi-
tions and assigned them to lead reengineering teams, and thus left, as Dumas 
acknowledged, some pretty big holes to fi ll. One gaping void was left by John 
Casani, JPL’s preeminent project manager and now chief engineer, whom 
Stone reassigned fi rst to revise the rulebooks and then to lead an industrial-
standards certifi cation drive.59

Reengineering also obeyed the law of unintended consequences. In 1998 
Laeser wrote a memo entitled “Something’s not right.” In seeking to delegate 
authority to the process owners at the lowest possible level, the policy had 
produced a vast number of processes, which complicated instead of simplify-
ing the bureaucracy. And the process owners at these levels in Laeser’s view 
could lack the experience and inclination to take responsibility; they often 
had “insuffi cient big-hat viewpoint and expertise” and were “too often dele-
gators, not leaders.” The diffusion of authority alarmed the legal department; 
one Caltech lawyer perceived “purposeful mistakes by overly empowered 
process owners who are more than willing to spend Caltech’s money or put 
the lab at risk.” In a subsequent attempt “to rise above [the] fragmentation 
chaos and documentation quagmire,” the lab consolidated processes, which 
then drove authority back up to senior managers.60

Reengineering only intensifi ed the resistance that had earlier greeted Total 
Quality Management. Two years of effort, one lab leader observed in 1997, 
had failed to produce “real process improvement and payoffs from [the] 
current reengineering.”61 By that time, Dumas recalled, “we had really built 
up the antibodies to new initiatives to the point where anything—if you said 
the ‘p’ word, then everybody ran for the exits.”62 JPL engineers and scientists 
wrestled with the “abstraction” of processes and their lack of connection to 
the daily work of lab, as the feedback loops on fl owcharts attained comi-
cal complexity (see fi gure 15.3).63 Managers recorded “frequent complaints 
from inside,” including, “rewards of process ownership [are] not worth the 
pain” and “this process stuff is too complicated, too esoteric and too much 
work.”64 In private, lab staff used more pungent language.

As important, reengineering did not replace the old functional organiza-
tion but only overlaid it with the process regime. Each “process owner” now 
had an additional responsibility on top of his or her functional job, with no 
increase in compensation, but it was not clear whether or how process owners 
should exercise line authority.65 The “tiers” of process owners perpetuated 



Figure 15.3. Defi ne and Maintain the Institutional Environment process fl owchart. 
Source: JPL 163, 2/13.
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vertical hierarchy, despite claims to the contrary. Reengineering, in effect, 
doubled the bureaucracy. Hence the judgment of Wes Huntress that the new 
regime acted to “constipate” JPL, clogging it up with new layers of people 
needed to approve any decision.66

More generally, reengineering, like TQM before it, sought to bring a 
countercultural sensibility to JPL’s technical environment, with talk of “en-
abling,” “nurturing,” and “holistic” programs based on intuition instead of 
knowledge. One management consultant deployed techniques from Werner 
Erhard’s est movement in workshops at JPL on “conversation management” 
and as a discussion facilitator for the executive council—the sort of manage-
ment psychology viewed twenty years earlier as the white-collar equivalent 
to pot, fl ower power, and rock and roll.67 The new management theories did 
appeal to scientifi c rationalism with their quantitative metrics, as well as with 
the term “reengineering” itself, and some scientists and engineers—starting 
with Laeser and Stone—found them persuasive. But other technical staff 
viewed the philosophies with suspicion, if not derision, as a bit too touchy-
feely—as “the new rage in the enlightened age, the more liberal enlightened 
age, of how you interact.”68

The management theories also met opposition on deeper, philosophical 
grounds. Although JPL’s work required much coordination and teamwork, 
the lab viewed itself as fundamentally a collection of very talented individuals, 
and corporatist management theories challenged this individualistic, merito-
cratic ethos. As chief scientist Moustafa Chahine put it: “We have a bunch of 
mavericks here at JPL. . . . This new culture said ‘no, there will be no maver-
icks at JPL. Each one will follow a set of rules.’ Ninety-nine percent of the 
time, yes, but then what will save you is that one percent when you’ve got 
the maverick.” At its extremes, reengineering held that with the proper rules 
in place, any individual could follow them. Pathfi nder manager Tony Spear 
recalled: “He [Stone] thought if he could write it down on paper, anybody 
could do it. And I kept arguing, baloney!”69 At a presentation attended by 
Chahine, Hammer claimed that “with the process-based management, you 
can get a person here at JPL, he doesn’t have to be as educated as Ed Stone, 
you can get a gardener and make him the director of JPL, and with those 
rules he would be able to.” Chahine’s response: “No way. There’s no way. 
And he should have been challenged at that time, because none of the people 
sitting there believed what he said. . . . But I didn’t forget it, and many people 
did not forget it.”70

At the same time, these management theories injected a commercial mind-
set to a university-run research laboratory. Management theories developed 
for manufacturing industry proved diffi cult to apply to R&D, not to mention 
government sponsorship. True, JPL was in the business of building things, 
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namely, robotic spacecraft, and at the time was adapting to the production-
line mode of faster-better-cheaper, and aerospace fi rms such as TRW had 
embraced TQM. Furthermore, these corporatist management theories had 
developed in response to the emergence of so-called knowledge workers, 
that increasing fraction of the workforce with an education, who sought 
challenging, skilled work instead of routine tasks. But the laboratory was 
not a factory; it remained an R&D organization, pursuing much scientifi c 
research as well as highly advanced technology. Lab managers did circulate a 
Harvard Business Review article arguing that TQM applied to development 
as well as manufacturing, and Stone sought to sidestep the line of argument 
previously raised by Lew Allen: “While some might question TQM’s ap-
plicability to JPL’s research and one-of-a-kind development environment, 
I’ve concluded that the potential benefi ts justify inauguration of a lab-wide 
TQM program. The basic tenets of TQM are intuitively correct—principles 
such as focusing on customer satisfaction, continuously improving processes, 
eliminating rework, and involving employees each step of the way.”71 But 
Michael Hammer seemed to view JPL as a test case, and Stone would note 
that “nobody in our situation had even done this, so there was no model we 
could just plug into and say, this is the way to do it.”72

The assumption that scientifi c research and advanced technology are like 
any other product for market, and that a laboratory might be run like a 
business with customers and products, perhaps refl ects a capitalist bent, a 
typically American approach. In particular, the appeal to corporate industry 
for management models suggests characteristics of the post–cold war context, 
when the search for new justifi cations for the civil space program settled on 
economic competitiveness. The commercialization of the civil space program 
thus might mean more than increasing reliance on industrial contractors, 
though there was that too. Rather, commercialization extended even to the 
mode of operation of academic and government labs under NASA, as well 
as to the underlying justifi cation of their mission. JPL’s embrace of corporate 
management models in the 1990s represented this broader trend.
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S I X T E E N

The Tilting Triangle and 
Commercialization

AS TOTAL QUALITY MANAGEMENT AND REENGINEERING RESPONDED TO FASTER-
better-cheaper, so were they linked to two other features of the 1990s: down-
sizing and regulatory pressure. These four threads—faster-better-cheaper, 
reengineering, downsizing, and accountability—intertwined and reinforced 
each other throughout the 1990s.1 Post–cold war fi scal constraints, for ex-
ample, drove faster-better-cheaper and downsizing, both of which in turn tied 
into the new management initiatives. Reengineering responded to NASA’s 
interest in how JPL conducted its business, but at the same time its attempts 
to trim bureaucracy ran up against increasing demands for accountability. 
And downsizing produced an environment of fear and mistrust at lower 
levels of JPL, which affected reception of the management theories as well 
as faster-better-cheaper. The aerospace industry spooled another thread into 
this fabric, with persistent criticism of JPL’s preference for building spacecraft 
itself instead of contracting their development to industry.

Stone’s response as lab director to regulatory pressure and downsizing, 
as well as his embrace of management theories, refl ected his personal distaste 
for confrontation and also his tendency to look inside the lab for solutions. 
Although he directed much attention toward the external environment, he 
did not try to change it as Murray had; instead Stone sought to understand 
the environment and adapt the lab to it. Stone accommodated increasing 
government audits amid calls from some quarters for pushing back, and 
he accepted budget and staff cuts rather than seeking new sponsors to pick 
up programmatic slack. In the post–cold war context there were no clear 
alternative sponsors, and the political environment, combined with Goldin’s 
management of NASA, did not encourage resistance.
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Downsizing

Behind the post–cold war budget-cutting lay a sense that the nation needed 
to reduce the federal infrastructure, including that for science and technology, 
which had grown to meet the needs of the cold war and which a number of 
politicians now viewed as excessive. By October 1992 Caltech’s trustees were 
urging JPL to preempt political pressure by starting to shrink its staff.2 The 
lab soon adopted an “employee displacement strategy,” also known as “right-
sizing” or, more bluntly, downsizing, with plans to cut 1,000 staff by 1998.3 
A second, deeper round of downsizing began two years later, in early 1995, 
when JPL completed a so-called Zero-Base Review demanded by NASA. 
The review required that JPL assemble its program from scratch instead of 
planning the budget for each year based on the previous year’s work; it aimed 
at cuts of 22 percent on top of those already absorbed, reducing the JPL staff 
to 5,000 by the year 2000. Although JPL’s downsizing seemed drastic, it was 
at the low end of cuts imposed on other NASA centers, which ranged from 
20 to 35 percent; JPL’s cutbacks were also not as drastic as those suffered in 
the aerospace industry. As Stone pointed out, the cuts would return JPL to 
its size in the mid 1980s, which itself was much bigger than the 1960s level 
of 4,000 staff.4

The net result of the downsizing was a loss of more than 1,400 employ-
ees from 1992 to 1998. Factoring in cuts in on-site contractors produced a 
decrease from more than 7,600 work-years in 1992 to 5,344 by 1999, or 30 
percent of total staff.5 The lab accomplished much of this through attrition, 
including a generous early retirement package, but the lab also laid off almost 
900 people.6 The layoffs occupied much management attention, especially the 
desire, not entirely successful, to avoid lawsuits for wrongful termination.7 
Downsizing had another effect on lab demographics. The net cutbacks, as 
Stone observed, were “not the whole story” since normal turnover continued. 
By 1998 more than 3,000 people had left JPL, so that almost one-third of staff 
were new hires.8 The lab capitalized on downsizing as a way to bring in new, 
fresher faces amid renewed perceptions that the lab was littered with “dead-
wood”—that is, older staff marking time until retirement, the demographic 
legacy of the buildup of the 1960s.9 The early retirement program, however, 
inadvertently cleared out some strong timber, including several members of 
the executive council.10

The large turnover also presented an opportunity for affi rmative action. 
The representation of ethnic minorities increased from 17 percent in 1984 
to 25 percent in 1994, and the fraction of minority scientists and engineers 
increased over the same period from 14 to 22 percent. Lab staff, however, con-
tinued to see little diversity in the ranks of upper management; and  Hispanics 
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and especially Asian-Americans constituted most of the minorities (8 and 
11 percent, respectively), in particular among scientists and engineers (14 
percent Asian), so that whites, Asians, and Hispanics held better views of 
JPL’s diversity than did African-Americans.11

Another prominent trend was the increasing presence of women. The 
proportion of female staff increased from 23 percent in 1984 to 27 percent 
in 1994. Most of them were concentrated in administrative positions, but 
the fraction of women among scientists and engineers also increased from 9 
percent in 1984 to 15 percent in 1994. The lab in the 1990s was also promot-
ing women at greater rates than men, and female faces began appearing on 
project review boards, mission study groups, and also in senior manage-
ment—most in administrative positions, but also some who had worked 
up through technical management, such as Donna Shirley, promoted from 
the Pathfi nder rover to lead the Mars program, and Barbara Wilson, who in 
1998 became head of the microelectronics program and later the lab-wide 
chief technologist.12 The trend culminated in the Deep Space 2 mission to 
Mars in 1999, which had women in the three top jobs: Sarah Gavit as project 
manager, Sue Smrekar as project scientist, and Kari Lewis as chief mission 
engineer, a trifecta that won headlines in Working Woman magazine as well 
as the New York Times.13

The inroads made by women at JPL mirrored their gains in the broader 
scientifi c/engineering labor pool and also represented the fruit of Bruce 
Murray’s initiatives, years earlier, to make JPL more friendly to female ca-
reers.14 The percentages suggest that JPL provided a better environment for 
women than NASA as a whole.15 Although the space agency could point to 
achievements of individual women, such as female astronauts, it lagged the 
civilian labor force in hiring women for scientifi c and engineering fi elds. 
Goldin mocked NASA’s “pale, male, and stale” culture and vowed to change 
it.16 He perceived a political as well as a moral imperative for diversity in the 
increasing representation of women and minorities in Congress.17

The growing presence of women may have changed JPL’s culture and 
practices. On the Pathfi nder rover, for example, Shirley abandoned a hier-
archical organization for a more collaborative, nurturing approach that she 
modeled on a biological cell. On the other hand, this management style 
may have derived more from such corporate philosophies as Total Quality 
Management than from feminine values. Shirley was a self-described Okla-
homa tomboy who could steamroller critics and trade raunchy jokes as well 
as any old-school male manager, which might have helped her thrive in the 
JPL environment.18 Other women claimed that their gender had little effect 
on their management approach. Gavit, the Deep Space 2 manager, stated that 
“the fact that we’re women hasn’t made a difference here.” More important, 
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she declared, was youthfulness.19 The demographic bulge from the 1960s had 
moved through the system and was being replenished now by new hires; 
for the fi rst time in decades, the largest cohort was in the thirty-to-thirty-
nine-year age group in 1994.20 The multitude of missions under faster- better-
cheaper gave young engineers, as well as women and minorities, more chances 
at management experience.

Besides demographics, downsizing had a less salutary effect on morale. 
To take advantage of attrition, the lab spread out the process over several 
years instead of making a single large cut, but this approach kept staff looking 
over their shoulders for the next round of pink slips.21 Stone and the execu-
tive council did not help morale by freezing wages for one year in 1995. The 
zero-raise policy unleashed protests from hundreds of angry staff, some of 
whom noted that with infl ation it amounted to a pay cut, at a time when the 
lab was asking for more productivity from staff. The freeze was intended to 
signal NASA and Congress that JPL was committed to cost control, but it 
eroded morale and trust in management, especially since the decision fi rst 
trickled out by e-mail, leading some staff to think it was a joke.22

The personnel policies propagated a sense of malaise. In 1993 the lab com-
missioned a survey of the entire staff. The responses shocked the executive 
council.23 Only half the staff were satisfi ed with JPL’s present state, most 
thought it had changed for the worse in the last year, and only 20 percent 
thought senior management was doing a good job. These fi gures included 
the views of senior management, who had a much more positive view of 
lab than lower-level staff; in general, older staff had a much more positive 
outlook than younger staff. The complaints about management conveyed a 
general sense that JPL managers were technically profi cient but were poor 
as “people managers.”24

A repeat of the survey in 1995 only strengthened these impressions. 
Downsizing had led, unsurprisingly, to greater fears about job security. Per-
ceptions that the lab had changed for the worse increased 15 percent, and 
only 15 percent of staff thought the place was well managed. Above all, 35 
percent pronounced themselves satisfi ed with JPL’s present state, and more 
people viewed it as “just a place to work.”25 Two years later these perceptions 
persisted; one manager forwarding criticism to the executive council noted 
that “what is shared here does not fully refl ect the intensity and feeling, much 
of it fear, frustration, dismay, and anger, that seems to exist throughout the 
Laboratory.”26

One potential solution surfaced in a management meeting in late 1995: 
“Why aren’t we pursuing other customers? . . . Why aren’t we going outside 
the government to get work?” But few alternative customers existed outside 
NASA. The Departments of Energy and Defense were cutting their budgets 
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and infrastructure, as were other agencies, and labs like APL and Livermore 
were themselves looking to NASA for business. The cold war had provided 
a compelling reason to keep scientists and engineers on tap at federal facilities 
in case of an immediate national emergency, but in the 1990s that justifi ca-
tion disappeared.

An Affl iction of Auditors

The issue of activism versus acquiescence also appeared in JPL’s institutional 
relations with NASA and the federal government. The end of the cold war 
had another effect on the political environment, a corollary of fi scal compres-
sion. Although federal research labs had certainly suffered political scrutiny 
during the cold war, the contest with the Soviets also encouraged an emphasis 
on results instead of regulatory compliance. Thus JPL’s one major experience 
of congressional investigation came after the Ranger failures. In the 1990s 
regulatory tolerance ceased, and the federal government began pressing for 
accountability from all of its research labs.27 Meanwhile NASA’s perfor-
mance—the Challenger accident, Hubble telescope fi asco, and then the failure 
of Mars Observer in 1993—suggested an agency in disarray; congressional 
staff viewed NASA as “a trove for waste, fraud, and abuse.”28 The resulting 
pressure realigned relations among NASA and JPL and Caltech.

The fi rst signs of a changed environment emerged in 1992, when the 
congressional General Accounting Offi ce (GAO), at the request of a Sen-
ate subcommittee on oversight of government management chaired by Sen. 
Carl Levin, prepared a report criticizing control of federal labs. The review 
focused on labs under the Departments of Energy and Defense and did not 
include JPL. Levin’s committee, however, was looking for ways to infl uence 
the negotiation of lab contracts, and it so happened that JPL’s contract with 
NASA was coming up for renewal in 1993. As deputy director Larry Dumas 
put it, “JPL sort of drifted into their gunsights.” The committee dispatched 
a team of GAO auditors, who spent several months at JPL “turning over 
rocks and looking at things. . . . And they found some things that they did 
not like.”29

The auditors raised red fl ags about travel costs, tuition reimbursement 
for JPL employees at Caltech, and slack control of government property—in 
particular, the fact that JPL employees had taken much out-of-date computer 
equipment home with them. Levin threatened to hold public hearings and 
interrogate Ed Stone—again according to Dumas—about “why we were 
loaning JPL employees computers to take home so their kids could play 
computer games.” Dumas and several Caltech administrators fl ew back to 
Washington to plead their case to Levin’s staff and admit the need for changes, 
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including an end to the computer policy. In the end Levin spared Stone a 
public grilling. But his threat and the GAO study had their effects, fi rst by 
tightening the screws on JPL during its contract negotiations, and second 
by unleashing the auditors.30

The negotiations of 1993 involved a new team in NASA’s on-site offi ce. 
The longtime resident offi cer, Fred Bowen, had grown too collegial with JPL 
managers, in NASA’s view. In 1993 the agency appointed Kurt Lindstrom as 
the NASA management offi cer and Tom Sauret as his deputy, with a mandate 
to impose discipline.31 They started with the contract. Instead of opening 
up a few key issues for discussion, they sought to rewrite the whole docu-
ment, even language formerly accepted as boilerplate. In particular, NASA 
wanted to tighten adherence to government regulations for procurement, 
health, safety, and security. The management fee provided another sticking 
point. The size of the fee irritated Congress and its auditors, and basing the 
fee on JPL’s budget seemed a counterincentive to cost control; the annual 
performance review furthermore had no real consequences. NASA in the 
early 1960s had sought to switch to a performance-based fee, but Caltech 
had fended it off. The agency now revived the idea, to encourage JPL to do 
what NASA wanted—and reward it if it did.32

The contract negotiations dragged on from June to December 1993; the 
Mars Observer failure in August provided the backdrop. The process in-
volved tedious wrangling and strong disagreements over fundamental points, 
including who really ran JPL: Caltech or NASA. NASA managers, for ex-
ample, felt that Caltech wanted a free hand to run the lab but did not want 
fi scal or legal responsibility, such as for lawsuits over wrongful termination 
or environmental damage.33 They argued that it was in JPL’s and Caltech’s 
interest to adhere to federal regulations—for example, by avoiding costly 
fi nes for health or safety violations—and that keeping out of regulatory 
trouble would in the long run decrease the administrative burden.34 In the 
end Caltech accepted a performance-based fee: each year NASA managers 
would evaluate JPL’s performance in the categories of the technical program, 
administration, and outreach and calculate the fee from the overall grade. The 
contract also imposed more federal regulations, such as those for procure-
ment.35 In general the contract tilted the balance from autonomy toward 
accountability and from Caltech toward NASA.

In addition to infl uencing the contract, the GAO study portended a fl ood 
of federal audits. The number of audits increased from 71 in 1989, to 138 in 
1992, and to 152 in 1993. Several of these were internal Caltech reviews, but 
most were from NASA, the GAO, and the Defense Contract Audit Agency.36 
From 1992 to 1994 the number of on-site auditors doubled, so that there 
were almost 40 investigators residing at JPL and probing its business. Their 
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activity occupied 12 JPL staff full time with much additional attention from 
JPL managers.37 Recalled Dumas: “For a while, there was almost a feeding 
frenzy of audits at the Laboratory. . . . We were very much in a reactive role. 
We were sort of reeling, with more audits coming in over the transom every 
day. We had at one point nearly 100 individual audits and reviews under way 
at the same time.”38

All these audits had an effect in increasing bureaucracy. They thus counter-
acted the attempts of faster-better-cheaper and new management initiatives 
to cut back on paperwork and red tape. In a talk at JPL in 1994, Goldin had 
mocked fl ight operations guidebooks and “the famous JPL procurement 
forms manual” and asked: “Do you want to spend your remaining days in 
the space program dealing with garbage like this? . . . This is not what we are 
about. We are about leaving Earth. We are not about paper.”39 At the same 
time, federal auditors—and the new contract with NASA—were asking for 
more records, not fewer.

The auditors struggled in particular to untangle JPL’s fi nances. NASA 
managers argued that JPL needed an experienced, top-level business man-
ager—as distinct from the technical managers who populated the lab. In 
particular, JPL seemed to need a chief fi nancial offi cer. Wes Huntress of 
NASA declared in 1992 that “an institution of $1.3 billion with no CFO 
is hard to believe!”40 Caltech’s trustees, many of them industrial executives 
who wondered at JPL’s academic approach to business operations, likewise 
pushed for a CFO, especially after accounting problems forced the lab to 
borrow money from Caltech to pay vendors and meet payroll. After much 
prodding from the trustees and a failed experiment with a controller, Stone 
appointed a chief fi nancial offi cer in 1999.41

Regulatory pressure also contributed to unrest within the lab, expressed 
in murmuring about “pushing back” or what one JPL manager called “the 
‘wimp’ issue.”42 Protests began simmering when the lab forced staff to return 
computers from their homes, heated further with new NASA rules on travel, 
and boiled over in 1995 in general complaints that NASA was imposing 
rules not accepted in the contract. The whole point of running JPL through 
a Caltech contract, after all, was to avoid the civil service bureaucracy. One 
manager noted, “people don’t know why we just accept the impositions”; 
another cited a “perception that [the] Lab just salutes Goldin and doesn’t 
push back.”43 Recalled Dumas: “From the employees’ point of view, we 
heard a lot of ‘why didn’t you push back? Why do we have all of these new 
controls, and silly Work Authorization Memos (WAMs), and punching time 
clocks, and rules about not being able to take computers off-site, and a lot 
of bureaucratic obstacles to getting work done?’” Dumas went on: “The 
funny thing about that is that the IG [NASA inspector general] tells us that 
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they just hate to work with us because they think we’re so diffi cult and so 
uncooperative. And so you have this disconnect where the employees think 
we’re just rolling over at every turn. And the IG thinks ‘these people are 
just impossible.’”44

Some of the internal discontent implied a lack of backbone in Stone. His 
consensus-driven approach seemed ill-suited to strong action. Goldin felt 
compelled to defend Stone in a speech at JPL: “Your leader is not wimping 
out.” The pressure for oversight, Goldin observed, ultimately derived from 
the American public. Wimping out, Goldin declared, would mean Stone 
“telling the General Accounting Offi ce or the Inspector General they can’t 
come in here”; instead JPL should stand up and “welcome them with open 
arms.”45 For his part, Stone viewed the audits as a temporary feature of the 
political environment: “My feeling was, we just had to get through it. Get 
out the other side, right? And if you push back, all you do is delay it.” By 
letting the auditors in, he reasoned, the lab would get rid of them sooner and 
then could get back to its real work building spacecraft.46

Stone could soon see signs justifying his approach. By 1995 GAO audi-
tors and Congress seemed satisfi ed by the new contract and by JPL’s re-
sponse to their investigations, and a meeting of the lab’s executive council 
in 1997 suggested a sense that the crisis had passed.47 Relations with NASA 
remained rocky, however, apparently exacerbated by personality confl icts. 
In 1996 NASA appointed a special committee to study NASA-JPL relations. 
The committee’s ensuing report identifi ed a basic breakdown in trust and 
spurred NASA to address the situation. NASA’s resident management team 
meanwhile was completing its four-year term: Lindstrom, although a genial 
man, had seen his mandate as cleaning up the mess from his more lenient 
predecessor; his replacement, Robert Parker, arrived with the opposite mis-
sion of restoring frayed ties.48

At Caltech, in 1997 David Baltimore succeeded Thomas Everhart as presi-
dent. Everhart, in NASA’s view, had refused to accept the new, post–cold war 
political environment. Baltimore seemed more sympathetic to NASA’s situ-
ation and got along better personally with Goldin.49 Caltech also recognized 
that the performance-based contract could, in fact, increase the management 
fee. In 1994, the fi rst year of the new fee, JPL’s good grades for programmatic 
results and outreach outweighed a poor grade for institutional management, 
resulting in an overall mark of 88 percent (about a B+) and a fee of $16.5 
million out of a possible $18 million. That represented a 25 percent increase 
over the previous year’s fee of $13.1 million, and the fee would hover around 
the higher level for the next several years.50

The combination of increasing business focus, easing of audit pressures, 
and improved personal relations helped defuse the issue of accountability. 
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And no matter how contentious the relationship got, NASA did not seriously 
consider the possibility of allowing other institutions besides Caltech to bid 
for the JPL contract.51 The agency also apparently never considered renounc-
ing the contract arrangement altogether and trying to run JPL itself. On the 
contrary, at a time when the outcome of the cold war suggested the triumph of 
the private sector, contracting offered a way to satisfy new demands for priva-
tization. It also offered practical advantages. NASA’s Augustine Committee 
of 1990 had touted contracting as a way to avoid civil service regulations in 
recruitment. In 1995 a panel studying NASA’s labs similarly recommended 
wider use of the contract model, based on the benefi ts from university af-
fi liation and also the oversight provided by Caltech’s eminent trustees.52

But attempts to extend contract operation to other NASA centers—for 
instance, to an extensive astrobiology program at Ames—ran into familiar 
obstacles, especially transfers of civil service employees.53 And while Dan 
Goldin gave energetic endorsement to the JPL model, at the same time his 
management style reduced the benefi ts of independence. More broadly, the 
post–cold war push for accountability counteracted the coincident embrace 
of privatization. Despite the advantages of contract operation, increasing de-
mands for accountability—and JPL’s acceptance of them—compromised the 
independence of the lab. The smoother relationship that eventually resulted 
between the lab and the government did not remove the ultimate source of 
tension, as JPL and Caltech would learn in future contract negotiations.

The Triangle Tilts

The NASA-JPL-Caltech triangle had tilted toward Caltech in the 1980s, 
thanks to increasing campus ties and work for outside sponsors in the mili-
tary. In the 1990s the triangle tilted back toward NASA, so that the old 
question of whether it was Caltech’s JPL or NASA’s was answered now for 
NASA. Caltech remained in the equation, and regulatory pressure reached 
it as well. Auditors threatened to make Caltech pay for certain unacceptable 
costs at JPL, and at one point these disallowances approached $10 million; 
hence the trustees’ push for a chief fi nancial offi cer and Caltech’s own internal 
audits of JPL’s business.54

The regulatory environment also affected campus-lab collaboration. The 
need for NASA approval limited the number of Caltech graduate students 
at JPL, and rules about reimbursement restricted faculty involvement. In the 
other direction, contract issues about subsidizing a university reduced the 
number of JPL staff teaching on campus from thirty to ten. Caltech’s general 
counsel feared federal auditors probing the blurry boundary between campus 
and lab on such collaborative projects as the Infrared Processing and Analysis 
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Center (IPAC).55 Above all, Caltech administrators and trustees denounced 
the “uncooperative ‘gotcha’ attitude” of NASA business managers and re-
solved that if NASA did not retreat from the current adversarial approach, 
“Caltech will need to think very hard about any future contract renewal.”56

The trustees expressed this frustration to Goldin in a private meeting in 
1996, which helped spark the move to improve relations. Goldin appreciated 
not only Caltech’s scientifi c and technical contributions to JPL and NASA, 
but also the political ones. After Bruce Murray’s end-runs, the lab and campus 
had soft-pedaled any political activity, but in a breakfast meeting at Caltech, 
Goldin now asked the trustees to get involved.57 The trustees continued to offer 
a potent roster of political infl uence, and at their Washington meeting each year 
they pressed JPL’s case with a number of congressional representatives. NASA 
managers welcomed the trustees’ “heightened profi le on Capitol Hill”—as 
long, of course, as they advocated NASA’s program and not their own.58

From their end, Caltech administrators and trustees appreciated their 
affi liation with NASA. The campus continued to depend on the JPL fee and 
overhead for a substantial chunk of its operating budget—$28 million or 15 
percent in 1995, an average of $100,000 per professor, an amount to give pause 
to even the most vocal campus critics of JPL.59 Additional funds fl owed to 
campus in the form of research contracts: about $25 million in 1998, one-third 
of that to IPAC. A number of professors worked on JPL missions—not only 
planetary, but also astronomy, where the campus investment in IPAC paid 
off in a leading role in the larger follow-on infrared telescope.60

But the sheer size of JPL programs revived fears that the affi liation would 
change the character of Caltech. As Baltimore observed, “JPL has much more 
to offer than the Campus and its student body can absorb.” The size of the 
infrared astronomy program—$40 million and 180 staff—surprised him. “We 
can carry one of these and be small, but if we do one more of these we will 
loose [sic] our smallness.”61 People at JPL, meanwhile, still did not always 
appreciate the value added by its association with Caltech. In the employee 
survey of 1993, 60 percent of JPL staff felt a strong affi liation with NASA and 
only 26 percent with Caltech.62 When the trustees stepped up their political 
activity, some lab staff thought it was about time the lab benefi ted from its 
relation to Caltech.63 Baltimore recognized that “campus must care about 
the health of JPL, not just treat it as a cash cow.”64

The Commercialization of JPL

The lab’s tilt away from Caltech and toward NASA indicated in part its 
integration into the federal government, but even more it represented a shift 
from its original academic background to an industrial environment. The 
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affl iction of audits in the 1990s forced the lab to comply with procurement 
regulations and other rules developed for industrial contractors. JPL was 
indeed a contractor, but it was not the same thing as an aerospace company. 
Federal auditors nevertheless squeezed JPL’s square peg into a round in-
dustry hole and thus squeezed its independence and distorted its technical 
focus.65 The embrace of reengineering and the hiring of a chief fi nancial offi cer 
represented JPL’s efforts to adhere to industrial standards and techniques. 
More generally, faster-better-cheaper brought more of an industrial mind-
set, where cost became the driving factor for deep-space missions instead of 
success-at-any-price.66

Several others factors also helped to commercialize JPL. The post–cold 
war environment that encouraged the celebration of the private sector also 
sparked an entrepreneurial spirit, which impelled efforts to apply JPL tech-
nologies to civilian products. The usual route ran through patents, which 
Caltech would license to industry for a fee or royalties. The number of 
licenses rose more or less steadily starting in the early 1990s, especially for 
software, which increased from about 10 in 1992 to 180 by 1996.67 A few years 
earlier the lab had also started programs for “technology affi liates” and other 
cooperative agreements with industry, under which JPL helped fi rms, usually 
small companies, develop new technologies. The lab had thirty corporations 
as technology affi liates by 1992, sixty by 1994, most of them not from the 
aerospace industry but seeking help in such fi elds as software, robotics, micro-
devices, or remote sensing.68 Licensing activity greatly increased after the 
institute created an offi ce of technology transfer in 1995; by the late 1990s 
Caltech was reaping more than a million dollars in annual revenue from JPL 
products, most from software licenses.69

Another approach emerged amid the entrepreneurial buzz of the late 
1990s: instead of transferring specifi c technologies, JPL started spinning off 
people and their ideas in small start-up companies. Since small start-ups 
lacked capital for license fees, Caltech began a “grubstake” grant program 
for start-ups, with an equity stake retained by the institute. By 1998 JPL 
had generated six start-up companies. But the fi rms cost the lab in loss of 
people. In 1998, for example, Carl Kukkonen, the architect of JPL’s micro-
electronics program, left to start a company called ViaSpace, and he sought 
to bring some key people with him. Caltech agreed but asked that he keep 
his recruiting within reasonable bounds; Kukkonen agreed, but it was a vol-
untary gesture.70

The microelectronics program provided a prime example of spin-off. In 
the early 1990s a JPL team led by Eric Fossum developed a solid-state image 
sensor called the active pixel sensor, which connected an electronic amplifi er 
to every pixel in an image and used the CMOS (complementary metal-oxide 
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semiconductor) process to put the entire camera on a chip. A CMOS im-
age sensor thus used much less power than a CCD camera and could also 
be much smaller. In 1995 Fossum and his wife, Sabrina Kemeny, left JPL 
to form Photobit Corporation, with a license from Caltech for the CMOS 
sensor; they soon led an industry that ranged from an ingestible “camera in 
a pill” for medical diagnosis to the cameras used in mobile phones. The sale 
of the company several years later made Fossum and Kemeny millionaires, 
and Caltech netted its own tidy profi t.71

Photobit exemplifi ed the new justifi cations for the space program: high 
technology as a source for economic growth. But it also suggested some 
resistance to the commercial spirit at JPL. Lab managers initially resisted 
such spin-offs, and not only for fear of losing staff and the distraction from 
the main job of building spacecraft. They worried that NASA auditors, de-
spite the Bayh-Dole act promoting technology transfer, would charge that 
individuals were profi ting from government-funded research. It took the 
intervention of the Caltech president and trustees to overcome JPL’s dis-
couragement of Photobit, and although the lab would later come to celebrate 
Photobit’s success, concern about the private-public divide continued to 
dampen its embrace of entrepreneurialism. At the same time, many of the 
technology licenses derived from the Microdevices Lab and thus represented 
another legacy of defense work, but as military investment receded in the 
1990s it threatened to dry up the fl ow of commercial technologies.72

JPL also continued to intersect the aerospace industry in spacecraft 
development. Agitation by the aerospace industry for JPL to contract out 
spacecraft work instead of performing it in-house increased in this period. 
Maturing aerospace fi rms continued to challenge JPL’s technical superiority, 
and after the end of the cold war they also looked to make up for their de-
clining military business with NASA contracts.73 Furthermore, if privatizing 
was the mantra of the 1990s, industry could argue that contract operation 
was only a half-step away from the government; why not go all the way to 
the private sector?

These factors helped revive the make-or-buy question—that is, should 
JPL build spacecraft itself or buy them from industry. The usual arguments 
for in-house work, including doubts about industry’s technical competence 
and the need to be a “smart buyer,” had resulted in the assumption that JPL 
should have one big in-house project at all times. The Cassini project fol-
lowed Galileo as a mostly in-house project, as was Pathfi nder. It did not help 
that Mars Observer, a system-mode contract, failed in 1993. Although Magel-
lan, likewise a system contract, succeeded, JPL had pulled much of its radar 
system in-house after the radar contractor ran into technical problems.74

In 1993 Stone hired an outside consulting fi rm to study the “make versus 
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buy” issue. The fi rm’s report concluded that “by almost all measures, JPL 
should be expanding its reliance on outside suppliers of technology.” In-
dustry had multiple suppliers, who would benefi t from technology transfer, 
and infrequent deep-space missions taxed JPL’s ability to maintain in-house 
expertise. If the lab did not make the shift on its own, NASA and Congress 
would no doubt impose it from above. The report acknowledged that the 
“shift from the end-to-end builder of spacecraft to the manager of missions” 
would make JPL “a very different place in fi ve years,” not least by redefi n-
ing it as a source of “management effectiveness rather than internal technical 
expertise.”75

The issue involved the basic identity of JPL: was it management or engi-
neering? Lab staff stuck to their technical identity. When Ed Stone asked John 
Casani in 1995 to consider what JPL would look like with no in-house devel-
opment—what disciplines to renounce, what jobs to cut—Casani considered 
the likely reception of the exercise and called it a “suicide mission.”76 Faster-
better-cheaper and downsizing, however, were providing additional impetus. 
Discovery missions removed the possibility of one big project sustaining staff 
and provided more of an opening for industrial participation, and downsizing 
encouraged shifting the burden of maintaining staff to industry.77 The lab had 
meanwhile developed a new approach to address problems of contracting. 
In the late 1980s the executive council raised the possibility of an “associate 
contractor,” a single fi rm with something like a fi ve-year, renewable contract 
for a series of projects. A longer-term commitment would overcome JPL’s 
lack of trust, allow the contractor to invest in staff and facilities, avoid detailed 
negotiations for every project, allow informal relations to replace formal 
contacts, and in general promote continuity.78 In the eyes of both JPL and 
industry the problem was “cultural,” not legal or contractual: JPL needed to 
get over its pride and accept industry as an equal collaborator.79

In the 1990s this concept evolved into the approach known as “partner-
ing.” Lab staff did note several pitfalls. The lack of competition for contracts 
would invite complacency in the partner and lead other potential contractors 
to drop out of the business, eliminating potential sources of new ideas.80 The 
end result might be a monopoly, surely not the sort of thing JPL or the federal 
government wanted. JPL nevertheless in 1997 entered a ten-year partnership 
in its Mars program with Lockheed Martin Astronautics in Denver. The 
company had built the Viking landers and the Magellan spacecraft; when it 
won the contract to build an orbiter and lander to launch to Mars in 1998, 
JPL agreed to buy subsequent spacecraft for launches in 2001, 2003, and 2005, 
assuming the company performed well and NASA funded the program. Even 
the losing bidders in industry reportedly agreed that a single competition 
for a ten-year, $500-million program was better than one every two years 
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for $100 million; they just disagreed with JPL’s choice of contractor.81 The 
partnership included JPL’s maintaining long-term staff in Denver, Lockheed’s 
participating in Mars program planning and contributing technology devel-
oped with its own discretionary funds, and both sides aligning their organiza-
tions.82 The upshot was the further integration of JPL and industry.

Conclusion

Instead of a triangle tilting toward NASA, then, the 1990s suggested a quad-
rilateral with JPL and Caltech on one end and NASA and industry at the 
other, with more infl uence accruing to the NASA and industry side. In a 
different light, the trend of the 1990s increased the connections between JPL 
and NASA and JPL and industry, with the same effect of reducing the lab’s 
autonomy. As Stone announced in 1997, JPL was “changing from an era of 
independence to one of interdependence.”83

The combination of downsizing and regulatory pressure in the early to 
mid 1990s produced a climate of uncertainty and mistrust of senior manage-
ment and exacerbated the grumbling about reengineering and the doubts 
about faster-better-cheaper.84 The results from its technical program, espe-
cially in deep-space exploration, promised either to push the lab further into 
gloom or to restore its optimism and vitality.
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S E V E N T E E N

A Break in the Storm

THE DEEP-SPACE PROGRAM IN THE 1990S AT FIRST DID NOT DO MUCH TO EASE THE 
uncertain climate at JPL. The failure of the main antenna on Galileo in 1991, 
the complete loss of Mars Observer in 1993, and resistance to faster-better-
cheaper produced a climate of doubt. The tide began turning mid-decade 
with the ultimate success of Galileo at Jupiter; then in July 1997 the Mars 
Pathfi nder beamed back pictures of the Martian surface. As the lab’s fi rst 
faster-better-cheaper mission, Pathfi nder seemed to confi rm that JPL had 
adapted to the new mode and that technical creativity could thrive even 
when money was lacking. The Mars Global Surveyor followed with a steady 
stream of scientifi c data from Mars orbit, including images suggesting recent 
surface water fl ows.

Meanwhile, the discovery in 1996 of a meteorite on Earth with possible 
traces of Martian microbes sparked a new program, called Origins, that laid 
out transcendent goals for the post–cold war space program—namely, the 
origins and fate of the cosmos and of life itself. The new program, together 
with faster-better-cheaper, provided a fl urry of new projects, in astronomy 
as well as planetary science, and lab managers began to realize that the new 
programs would provide more eggs for the lab’s basket. The big-mission 
mode, however, persisted in the Cassini mission to Saturn and induced schizo-
phrenia in JPL engineers trying to pursue faster-better-cheaper while still 
doing a fl agship mission.

Gathering Clouds

JPL’s technical trials began in 1991 with Galileo. The project’s tortuous his-
tory of budget cuts and redesigns gave way to relief at its launch in 1989, but 
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unexpected legacies lurked in the hardware. The delay after Challenger had 
allowed much fi ne-tuning, but it also forced the spacecraft to sit for another 
three years, and the redesigned trajectory required the high-gain antenna to 
remain stowed for two years of fl ight. The spacecraft fi rst swung by Venus 
for a gravity assist and then returned to the neighborhood of Earth for two 
more gravity-assist passes; at this point, away from the heat at Venus, the 
high-gain antenna was supposed to unfurl like an umbrella. Pins holding 
eighteen graphite-epoxy ribs in the stowed position were designed to release 
and a small motor would drive the ribs outward, stretching a metallic mesh 
into a parabolic dish. But on the day of deployment, two of the umbrella’s 
ribs stuck, producing an asymmetric—and useless—antenna.1

JPL engineers soon identifi ed a probable cause in a lack of dry lubricant 
on the pins. In this respect the Challenger disaster again had a role: the 
spacecraft’s two extra cross-country trips may have jostled the lubricant away 
from the pin contacts, and the longer, post-Challenger trajectory did not 
help. Another possible factor was the lack of a spare antenna, which limited 
prefl ight testing on the single available antenna so as not to wear it out. But 
the phenomenon was diffi cult to simulate; it required a long time in zero 
pressure so that the lubricant molecules could migrate, and even after the 
failure JPL engineers could not reproduce it on the ground.2 At the time, 
the Galileo team focused its energy not on fi nding fault, but on fi xing the 
problem. The high-gain antenna was to provide a data rate of 134 kilobytes 
per second, transmitting one image per minute alongside other data. The 
backup low-gain antenna had a rate of 10 bits per second, or about a picture 
a month, not including data from the other ten instruments. The loss of the 
big antenna would thus greatly limit the science return, which had aimed for 
some 50,000 images over two years.3

JPL engineers tried several ways to unstick the pins: turning the antenna 
into and then out of sunlight, hoping that thermal expansion and contrac-
tion would free it; rotating the spacecraft even faster to jog the antenna with 
centrifugal force; and fi nally “hammering” it with the antenna’s drive motors. 
None of them worked. By 1993 Galileo managers accepted the stuck antenna 
and set about salvaging the mission. When the problem was fi rst recognized, 
a team of engineers from the Deep Space Network had started working on 
ways to boost communication with only the low-gain antenna. The success 
of the mission now depended on their efforts.

Just as Galileo engineers were giving up on the high-gain antenna, the 
Mars Observer was nearing its destination. As with Galileo, project engi-
neers had hoped Observer’s launch in September 1992 would put an end to 
its travails—in this case, the technical problems, delays, and ballooning costs 
that killed the Observer concept itself. Their hopes were soon dashed. As the 
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spacecraft approached Mars on 21 August 1993 it pressurized its propellant 
tanks, to prepare for fi ring its engines a few days later in order to enter Mars 
orbit. To protect the radio transmitter tubes from jolts during the pressuriza-
tion sequence, JPL engineers had programmed them to switch off and then 
back on after the fourteen-minute process was complete. The appointed time 
came and went with no signal. As the spacecraft stayed silent JPL engineers 
again hoped that the loss-of-signal came from a software glitch, and they 
scrambled to fi nd a fi x. But as days and weeks passed they came to accept 
that they had lost the spacecraft.4

The failure of the billion-dollar Mars Observer followed closely on the 
problems with Galileo’s antenna and the Hubble telescope, and the Challenger 
disaster before them. JPL and NASA became a laughingstock. Late-night 
television host David Letterman listed his “Top Ten Reasons for Losing Mars 
Observer,” which ran from “Mars probe? What Mars probe?” to number one, 
“Space monkeys.”5 Letterman’s gag suggested a persistent feature of JPL’s 
environment: UFO believers and conspiracy theorists. The failure revived 
tabloid talk of the Great Galactic Ghoul (see fi gure 17.1), a mythical monster 
near Mars that ate Soviet and American spacecraft without discrimination 
and whose presence sprang from a joking comment by John Casani to a re-
porter back in 1964.6 The Weekly World News revealed that a 750-mile-long 
space fi sh had swallowed Mars Observer as an hors d’oeuvre, while darker 
conspiracy theories held that NASA killed the mission after initial photos 
revealed a sculpted face on Mars, remnant of an extraterrestrial civilization.7

NASA and JPL review boards found more plausible explanations. Their 
postmortem was hampered by the lack of telemetry itself, which in turn 
stemmed from cost-cutting: rather than conduct a $375,000 shock test of 
the radio transmitter, project managers decided to switch it off during pres-
surization. But keeping the transmitter on would probably not have saved 
the spacecraft. The most likely failure scenario concerned leaky valves in 
the propulsion system: during the eleven-month trip to Mars a couple of 
spoonfuls of nitrogen tetroxide, the oxidizer for the hydrazine fuel, seeped 
through the valves into tubes where it mixed with hydrazine during the pres-
surization process. The resultant combustion melted the titanium tube like 
butter; when propellant then sprayed out of the tube it spun the spacecraft 
out of control, or, worse, the combustion reached the fuel tank and blew the 
spacecraft to smithereens.8

The original fl ight plans had called for pressurization of the tanks only 
fi ve days after launch, which would have kept the oxidizer from leaking 
during the trip to Mars. Seven months before launch, however, a JPL engi-
neer recalled that early pressurization had caused problems on Viking: leaky 
 pressure regulators had caused potentially catastrophic pressure buildup in 
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the Viking fuel tanks. Rather than delay Observer’s launch to install new 
pressure valves, project manager Glenn Cunningham decided to delay pres-
surization until arrival at Mars. As he put it after the failure: “We may have 
been damned either way. Sweeping the system clean on Day Five would 
work, but then we’d be facing the risk of a slow regulator leak overpressur-
izing the tank in those same 11 months.” The NASA review did cite overpres-
surization as another possible cause of failure, albeit from a regulator that 
stuck open during pressurization and burst the tank. Other possible failure 
modes included a backfi ring pyrotechnic device that punctured the fuel tank 
or a massive electrical short.9

The review boards traced these technical failures to several management 
assumptions. First was the fi xed-price contract with the spacecraft supplier, 
which kept JPL engineers at “arm’s length” from the contractor; the head of 
NASA’s review board speculated that they might have dealt with the pressuri-
zation decision earlier had they had a better understanding of the spacecraft.10 
The fi xed-price contract in turn assumed only minor modifi cations were 
required to a commercial earth-orbiting spacecraft. Fifteen years earlier Seasat 
had shown the pitfalls of standardization, but JPL forgot these lessons and now 
even extended standardization from Earth to Mars. A Mars mission, NASA’s 
board observed, required not only design and testing of much different com-
ponents—such as shock-testing the radio transmitter amplifi ers or redesign-
ing the propulsion system—but also the “discipline and  documentation” 

Figure 17.1. The Great Galactic Ghoul. The original painting by G. W. Burton 
hangs in the JPL archives. Source: JPL Photolab.
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required for a complex, custom spacecraft instead of a production-line 
model.11 Observer fi nally suggested the virtues of redundancy. Unlike previ-
ous Mars missions under Mariner and Viking as well as Voyager, Observer 
had no backup spacecraft, despite calls from scientists and some NASA man-
agers for a spare.12 As with Galileo, JPL and NASA decided that the risks of 
planetary missions had dipped below the costs of insurance.

Mars Observer shook JPL out of complacency. JPL had not lost a space-
craft since 1971, when the launch vehicle for Mariner 8 failed, and JPL en-
gineers from Voyager to Magellan had always managed to bail out a space-
craft in trouble. As Stone pointed out to the Observer team, “that record of 
success has made the sending of complex machines hundreds of millions of 
kilometers across the solar system seem easier, and less risky, than it is.”13 
For planetary missions from Mariner 1 through Magellan, JPL had a batting 
average of .800, losing three spacecraft out of fi fteen launches. Mars Observer 
made it four.

JPL’s problems extended from spacecraft in fl ight to those in develop-
ment. In 1990 JPL had started work on the combined CRAF/Cassini project. 
CRAF was the comet rendezvous/asteroid fl yby, the fi rst of the Mariner 
Mark II missions; Cassini planned an extensive orbital tour of Saturn and 
its satellites, including a probe dropped into Titan, doing for Saturn what 
Galileo would do for Jupiter. Congress had approved CRAF/Cassini with a 
$1.6-billion cost cap, but early cost increases on CRAF led NASA to cut the 
CRAF half of the mission in January 1992, to the chagrin of comet scientists 
already peeved at missing Halley’s comet. CRAF had in fact been fi rst in line 
for the Mariner Mark II missions, with Cassini second, but JPL and science 
advisory groups had long viewed Cassini as a higher priority.14

The demise of CRAF also doomed the Mariner Mark II concept, as 
NASA directed JPL to plan for a unique Cassini craft instead of a multi-
mission model.15 Even after CRAF’s cancellation, Cassini was to cost $1.7 
billion, not counting the launch vehicle and operations costs. That price was 
twice the cost of Voyager. Cassini had a longer, more complicated mission 
(Voyager, after all, was explicitly designed only to get to Saturn) and carried 
a larger complement of instruments, plus the Titan probe.16 But Stone admit-
ted that although science had contributed to high costs, “in-house dynamics 
led to making it bigger and bigger.”17 In particular, when faced with a choice 
between performance versus cost, JPL engineers—abetted by scientists and 
NASA managers—seemed to favor performance.

Conceived in a time of growth, Cassini now faced constricting NASA 
budgets. Defi cit hawks in Congress in the early 1990s froze discretionary 
spending, including NASA’s budget.18 Within the zero-sum NASA budget, 
space science now contended with the space station. An early congressional 
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vote on the station in 1991 rekindled the old issue of human exploration 
versus scientifi c research, which subsequent congressional debates would 
revisit through the decade. Once again, science lost. And, like Galileo, Cas-
sini contended with astronomy (a major orbiting X-ray observatory, later 
called Chandra) and earth science (the ambitious Earth Observing System 
platforms).19

These budget pressures put Cassini on the chopping block in 1992, amid 
Goldin’s fulminations against battlestar galacticas, and Stone worried about 
the threat, by extension, to JPL itself.20 To save Cassini, project engineers 
shaved about $250 million and 200 kilograms off the spacecraft and greatly 
reduced annual funding by slipping the launch date two years, to 1997.21 The 
main savings in cost and weight came through eliminating two booms that 
stuck out from the spacecraft, one holding a scan platform with the camera 
and the other with particles-and-fi elds instruments on a turntable; instead 
engineers bolted these instruments onto the spacecraft itself. The fi scal sav-
ings thus came at the expense of science, since the several instruments could 
no longer point and gather data independently. To take a picture, for instance, 
the whole spacecraft would have to rotate to aim the camera, so an individual 
instrument could spend much of the mission pointing in the wrong direc-
tion. The restructuring also greatly complicated operations, with the whole 
spacecraft turning this way and that and mission planners fi guring out what 
sequence of positions would maximize the science return. Finally, the new 
plan entailed more risk, with the chance that the spacecraft might start roll-
ing and not stop.22 To criticisms that the new plan made for a more diffi cult 
mission, John Casani, one of its primary architects, replied: “Yeah, of course 
it does. But it means you have a mission to run.”23

The complicated fl ight sequences, together with Cassini’s cost, raised a 
broader issue with NASA, that of development versus operations. Outer-
planet missions could soak up hundreds of millions of dollars over the several 
years they spent fl ying, on top of their billion-dollar development costs. 
High operations costs stemmed in part from the old problem that engineers 
focused on design and neglected planning for operations, and also from the 
large size of Galileo and Cassini, which required long, looping gravity-assist 
trajectories to reach their targets.24 Goldin noted that spending on operations 
had more than doubled since 1986; the mounting costs provided an additional 
spur to faster-better-cheaper.25

Part of NASA’s criticism, however, derived from a disconnect: NASA 
viewed operations simply as mission control; JPL took a more active view of 
operations that shaded into development, with software for trajectories and 
science sequences, for example, coded during the cruise phase—the sort of in-
fl ight design that characterized Voyager.26 In part to recognize the integration 
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of development and operations, in 1994 JPL reorganized, combining mission 
planning, development, and operations in a single offi ce. The reorganization 
elevated Cassini and the Mars missions to separate offi ces, and as a result 
abolished the vaunted fl ight projects offi ce, for decades the home of planetary 
mission expertise. It also shuffl ed the fl ight projects director, John Casani, 
to a new position as chief engineer—a move that to some observers seemed 
like a kick upstairs for the epitome of old-school project management, amid 
the push for faster-better-cheaper.27

Even as JPL ramped up for the fl agship Cassini, it began to learn the 
new mode of faster-better-cheaper on Mars Pathfi nder. The early travails 
on this project added to the atmosphere of adversity in the early 1990s. The 
mission aimed to land on another body, something JPL had not tried since 
the 1960s. Furthermore, the Viking landers, run by NASA’s Langley center, 
were dropped off by orbiters; Pathfi nder had to combine the cruise vehicle 
with the lander, and then tack on surface operations with a robotic rover, 
something never before tried on another planet.28 Overseeing this “three-
in-one spacecraft” fell to project manager Tony Spear, a shaggy, mustached 
fi gure, whose reputation as a maverick had won him the Pathfi nder job but 
whose casual demeanor belied his long experience in project management, 
most recently with Magellan.29

Many people inside and outside JPL assumed that Pathfi nder would fail. 
Landing looked like the hardest part, especially after Spear decided to use a 
new landing system. Instead of retro-rockets fi ring to slow its fi nal descent, 
the spacecraft would plummet to the Martian surface and cushion the shock 
with big, infl atable airbags. The airbag approach pleased NASA managers, 
who consistently pushed for novelty within faster-better-cheaper, as well as 
JPL engineers seeking a new challenge, but the lab had zero experience with 
airbags. Doubts increased after early tests in 1993 ended with  shredded, use-
less bags. Said Spear: “Every time we showed a fi lm, a simulation of airbags, 
the people in the audience would giggle. ‘No way in hell is this going to 
work, Spear.’”30

A similar technical debate consumed the rover project. Spear did not 
welcome the added challenge of the rover; the initial mission had just called 
for a lander, and he viewed the rover as a drain on resources that could im-
peril the mission. Even after Spear acceded to NASA’s rover plans, a clash 
continued between boundary-pushing technologists on the rover team and 
conservative spacecraft engineers.31 The technologists had been working for 
years on autonomous rovers, which used artifi cial-intelligence software to 
avoid obstacles (the round-trip radio time from Mars to Earth of about 30 
minutes ruled out real-time remote control). Spear, however, feared a free-
ranging rover would lose radio contact with the lander and perish; instead he 
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insisted on a tethered rover, to provide a secure radio link as well as electrical 
power. But the tether, too, had complications, not least of which was a pos-
sible tangle, and Spear eventually abandoned it after a successful test of the 
autonomous rover in spring 1993. Until then, the rover debate added doubt 
to Pathfi nder, complicated by friction between Spear and rover manager 
Donna Shirley, two strong and forthright personalities.32

The technical obstacles produced cost and schedule pressures, and NASA 
budget managers watched for any excuse to cancel Pathfi nder.33 JPL staff 
meanwhile viewed it as something of a tar baby, and the project team was 
isolated within the lab.34 That was in part by design: Pathfi nder had adopted 
a “skunk works” organization, modeled on the legendary Lockheed group 
that had produced the U-2 and SR-71 spy planes and stealth aircraft. A 
skunk works features a small staff freed from bureaucratic constraints and 
conventional thinking, committed full time to a project, with minimal docu-
mentation but thorough testing and reviews, and it thus seemed to meet the 
demands of faster-better-cheaper.35 The lab brought in Lockheed managers 
to learn how it worked, and Spear had Pathfi nder staff report straight to him 
instead of through their managers in the technical divisions. The arrangement 
only reinforced Pathfi nder’s isolation, and as the project’s problems mounted, 
Spear said, “our skunk works started to stink.”36

Pathfi nder’s early travails merged with the questionable survival of Cas-
sini, the failure of Mars Observer, and Galileo’s antenna woes to foster uncer-
tainty in JPL’s fl ight projects in the early 1990s. Together with doubts about 
faster-better-cheaper, the turmoil of reengineering, and NASA’s managerial 
meddling, JPL’s future seemed to darken the deeper it entered the post–cold 
war environment.

A Fresh Breeze

The programmatic clouds around JPL started to lift in the middle of the de-
cade. Pathfi nder would provide the fi nal puff to dispel them, but the initial 
break began with Galileo. Even as they continued to try opening the jammed 
main antenna, JPL engineers sought other ways to salvage the mission. The 
Deep Space Network provided the key. In early 1993 Leslie Deutsch, a mathe-
matician in the DSN, led a study of how to boost the data return through the 
low-gain antenna. Once again, software would compensate for the limitations 
of hardware: as they had done for the later Voyager encounters, engineers 
developed algorithms for data compression, especially of images, and for 
telemetry encoding that would maximize the amount of useful data in a given 
packet of downlinked bits.37

The fi x required replacing the software in the main computer’s  operating 
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system, what one study paper called “a complete brain transplant over a 
four-hundred-million-mile radio link.” The age of the components—1970s-
vintage processors and an archaic software code—complicated the procedure, 
as did another relic of the 1970s, a reel-to-reel tape recorder included on the 
spacecraft to store data from the atmospheric probe. The recorder became 
the crucial link: it would store data from all the instruments during close 
fl ybys of Jupiter and its moons, and the low-gain antenna would transmit 
the compressed data during slack periods.38 The risky transplant took place 
over six weeks in early 1995, at the end of which the spacecraft had its new 
brain. The procedure allowed Galileo to meet 70 percent of its original science 
goals; the low-gain antenna could transmit about 200 images a month—far 
from the 2,000 a month originally planned, but much better than the 1 per 
month possible without the fi x. The bailout proved once again the central 
importance of the Deep Space Network to JPL’s mission.39

Then, in October 1995, when the spacecraft acquired the fi rst images dur-
ing fi nal approach, the tape recorder stuck in rewind mode. Since the recorder 
was now the crucial lifeline, project engineers feared a disaster, especially 
after ground tests of an identical recorder resulted in the tape ripping from 
the reel. Project engineers fi nally stopped the tape, and a fretful week later 
they gingerly tested it in play mode. It worked, but fears that it would stick 
again—or that the constant rewinding had worn that section of the tape to a 
precarious thread—led project manager William O’Neil to run the recorder 
only in low-speed mode in order to preserve the highest priority, returning 
data from the probe. Among other things, that meant skipping pictures of 
Europa and Io during close fl ybys on the probe’s arrival day, to the disap-
pointment of scientists.40

The probe had released from the orbiter in July 1995 and the two arrived 
in tandem at Jupiter on 7 December 1995. Although the encounter attracted 
fl ocks of media to JPL, Galileo seems not to have had the same public impact 
as Voyager. For one, it was a return visit after the Voyager fl yby, so it lacked 
the excitement of seeing new worlds, and as an extended orbiting mission it 
lacked the concentrated drama of a fl yby. Galileo was also something of a 
forgotten stepchild between Voyager and Cassini—a relic of the 1970s, strung 
out by Challenger, dogged by the antenna failure, and now the antithesis of 
faster-better-cheaper. That at least was the complaint of O’Neil, who earlier 
in 1995 had declared: “Galileo is not considered good and important. The 
signals are that Galileo is the example of how not to do things.”41

The mission made up for any neglect with its science results. As the fi rst 
spacecraft to orbit an outer planet, Galileo provided data from a variety of 
angles. Over the next fi ve years it would make about thirty orbits of Jupiter, 
allowing multiple passes of the major moons Callisto, Europa, Ganymede, 
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and Io and detailed study of the magnetosphere. On arrival in December 1995 
the orbiter relayed data from the probe’s descent into the Jovian atmosphere; 
the probe survived an initial deceleration of 228 g’s before deploying its 
parachute, and it then returned data for almost an hour of descent before the 
increasingly dense atmosphere attenuated its signal deep below the clouds. 
The probe provided detailed profi les for chemical composition, temperature, 
wind and weather, lightning, and the magnetosphere; a particular surprise 
was the lack of water, which suggested that the probe had hit a “hot spot” on 
Jupiter, akin to a desert on Earth, and that Jupiter’s weather was even more 
dynamic than had been thought. All of the data greatly refi ned models of 
planetary formation and structure for the outer solar system. In particular, 
the data revealed close coupling among the various phenomena and hence 
suggested the value of the comprehensive, simultaneous data sets provided 
by big, expensive missions.42

Galileo also provided close looks at the four major moons, including vol-
canic Io, but perhaps the most important result concerned Io’s colder cousins. 
Voyager images of Europa from a distance of more than 100,000 kilometers 
had revealed curving cracks in its ice surface, linked in long chains extending 
hundreds of kilometers. Galileo imaged the cracks from only 200 kilometers 
away, with a resolution of 200 meters (see fi gure 17.2). The images inspired 
an explanation from Randy Tufts, Gregory Hoppa, and other geologists 
at the University of Arizona: Europa’s elliptical orbit and diurnal rotation 
resulted in varying gravitational force from Jupiter, so that each arc formed 
over a single cycle of 85 hours, propagating at a speed of 3 kilometers per 
hour; for the next cycle slightly different gravitational forces produced a new 
arc. More important, the cracks themselves came from tidal swings of up to 
dozens of meters in a vast ocean of liquid water under the ice; the model of 
crack formation required a very deep ocean—perhaps a hundred kilometers 
deep, which would give Europa more water than Earth—and a thin ice crust, 
as little as 15 kilometers thick. Galileo’s magnetometer backed up the theory 
with evidence of a global, electrically conducting layer, such as salt water, 
under the ice; and the lack of impact craters around the cracks implied that 
they formed recently and that the ocean still exists. Another surprise was 
magnetic data suggesting similar conducting layers, and hence subsurface 
saltwater oceans, on Ganymede and Callisto. The theory of extensive and 
perhaps accessible liquid oceans had profound implications: water is seen as 
a key ingredient for life, and Jupiter’s icy moons, and Europa in particular, 
thus became a prime target in the search for extraterrestrial life.43

The results rewarded Galileo scientists for eighteen years of forbearance, 
beginning with the project’s approval in 1977 and including the ten-year 
delay from the originally planned arrival of 1985. After its initial problems 
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the spacecraft survived well beyond its planned twenty-two-month orbital 
mission, despite absorbing four times its specifi ed radiation dose.44 Galileo 
was still orbiting in 2000 when Cassini fl ew by Jupiter, enabling simultane-
ous measurements from different positions of the solar wind and magnetic 
fi elds.45 Its end came in September 2003, fourteen years after launch, as its 
propellant dwindled. NASA decided to sacrifi ce the spacecraft by vaporizing 
it in Jupiter’s atmosphere rather than risk the possibility of contaminating 
Europa with spacecraft-borne terrestrial microbes. Project manager O’Neil 
noted the irony that “Galileo gets a death sentence from NASA for its great-
est discovery: the prospect of life on Europa.”46

Figure 17.2. Cycloidal features on the northern hemisphere of Europa, taken 
by Galileo. The crater at center is about 10 kilometers across. Source: PIRL 
University of Arizona/JPL/NASA.
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Pathfi nder

As Galileo arrived at Jupiter the Pathfi nder project entered its prelaunch 
homestretch with a fi rmer seat in the saddle. The spacecraft and rover teams 
came together in the skunk works and developed a remarkable camarade-
rie, and Spear’s willingness to delegate responsibility and elide bureaucratic 
boundaries fostered a sense of teamwork. One longtime JPL manager who 
worked with Pathfi nder summed up the common sentiment: “It was the 
most fun project I ever worked on, far and away. . . . The whole spirit on 
that project was just a bunch of entrepreneurs fi guring out, hey, what do 
we do next?”47 The youth of the team promoted this spirit. Pathfi nder’s 
younger engineers refl ected JPL’s changing demographics and also perhaps 
the fact that more experienced engineers were working on Cassini or doubted 
Pathfi nder’s odds.48 Youth brought computer savvy: veteran engineers knew 
spacecraft computers, but fresh college graduates in the early 1990s were the 
fi rst generation to grow up with personal computers and such tools as fi nan-
cial databases. More important, youth brought energy and enthusiasm, and 
as the launch date approached they geared up to work around the clock.49

Although later media accounts would emphasize the youngsters on Path-
fi nder, Spear provided crucial, experienced guidance, abetted by other vet-
erans—most notably Bill Layman, chief engineer on the rover, who helped 
bridge the difference between technologists and spacecraft engineers.50 Spear’s 
management style appeared new in its embrace of teamwork and the skunk 
works, and novel components, such as the airbags, required a more empirical 
approach than traditional systems engineering. But in other respects Spear 
represented the old ways. He had authority to run the project with a strong 
hand, including enforcing discipline on the science team, and he insisted on a 
strict regime of intensive testing and reviews. The frequent reviews irritated 
project engineers, but they also caught a number of potential failures, right 
up to the preparations for launch in late 1996.51

The regimen did not prevent the usual crisis after launch. The in-fl ight 
failure of a sun sensor threatened the mission, especially after the spacecraft 
refused to accept a software patch beamed from Earth. Finally a telecom-
munications engineer, Gordon Wood, found a gap in the antenna’s reception 
produced every fi ve seconds by the spacecraft’s rotation, which blocked cru-
cial bits of the patch; compensating for the gap got the patch through.52 The 
main drama, however, occurred on arrival at Mars. The sequence for entry, 
descent, and landing called for the spacecraft, protected by a heat shield, to 
hit the Martian atmosphere at 28,000 kilometers per hour; atmospheric drag 
would slow the spacecraft to a fraction of that before a parachute slowed it 
further, retro-rockets fi red as a fi nal brake, and then airbags cushioned the 
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fi nal 12-meter drop to the surface. After defl ating the airbags, the tetrahedral 
lander would unfold its hinged sides, revealing the rover, which would then 
drive off onto the Martian surface, relying on its own solar power supply 
and artifi cial intelligence.53

Everything worked. The navigators hit their target, the parachute and 
airbags deployed as designed, and the lander bounced across the surface and 
rolled to a stop. The fi rst signals of success and images of a rocky landing site 
released euphoria from vindicated engineers at JPL. After an anxious interlude 
clearing airbags from a ramp, the Sojourner rover rolled off the lander and left 
the fi rst tire tracks on another planet (see fi gure 17.3). The date of the land-
ing—4 July 1997—provided a patriotic fl ourish, and the end of the mission 
three months later, when the lander’s batteries ran down as expected, leaving 
the forlorn rover to circle it helplessly, provided a poignant denouement.54

JPL and NASA were surprised not only by Pathfi nder’s success but also 
by the intense public interest it generated. The mission landed on the cover 
of Time and Newsweek, and the little 10-kilogram rover, the size of a small 
dog, captured the public’s affection.55 New media helped expand the au-
dience. Cable television had multiplied the number of news outlets, with 
round-the-clock channels like CNN capitalizing on Pathfi nder’s unfolding 
drama. Another venue emerged in the Internet. The World Wide Web had 
grown exponentially from a handful of sites in 1991 to 300 million sites by 
the end of 1997, with the number of users increasing apace.56 The potential 
of the medium dawned on Pathfi nder managers after they set up a Web site 
in 1994 and received 2,000 visits in the fi rst week.57 That was just a teaser. 
After the landing JPL’s Web sites began registering 80 million hits a day, and 
in the next three months recorded 670 million hits, leading the New York 
Times to declare Pathfi nder a “defi ning moment in Web use” and “the start 
of a new interactive era in the mass consumption of news.”58

The popularity of Pathfi nder provided another entrepreneurial outlet. 
The CRAF mission, scheduled to fl y by the asteroid Hamburga, had earlier 
inspired JPL staff to explore an advertising agreement with McDonalds.59 
These plans were, alas, unrealized, but for Pathfi nder the lab licensed the 
Mattell corporation to build a Hot Wheels JPL Sojourner Mars Rover Ac-
tion Pack. The fi ve-dollar toy sold so well, reported the Los Angeles Times, 
“that even JPL’s Mars Program manager had to buy a set off a scalper.” The 
lab’s technology transfer offi ce convened a meeting with toy industry execu-
tives to develop new licensing agreements, and several future Mars missions 
would have toy tie-ins.60

Not all of the public interest was spontaneous. Ed Stone, the veteran of 
Voyager, as JPL director had further sharpened JPL’s already well-honed 
public relations effort. Public relations—now called “outreach”—received 



A Break in the Storm • 269

another boost from the new post–cold war justifi cations for the space pro-
gram and for federal support of science and technology more generally. 
Instead of cold war military security, the Clinton administration stressed 
economic strength and viewed science and engineering education as key to 
the supply of technical labor and ideas for high-tech industry. The space 
program seemed an especially fruitful way to inspire children to careers in 
science and engineering; hence NASA and JPL redoubled their efforts on 
outreach in the 1990s, with particular attention to school-age children, and 
reaped the rewards on Pathfi nder.61

Even more so than Galileo, Pathfi nder restored luster lost by Mars Ob-
server and, for NASA more generally, by the Hubble fi asco and Challenger.62 
Why did Pathfi nder succeed in the face of doubt? Although Spear retreated 
from the public relations spotlight, he deserved much credit for merging the 
new team approach with the rigor of old-fashioned systems engineering.63 
NASA science managers for their part let Spear run the project without 
imposing additional demands, and within JPL Stone backed up his inde-
pendence.64 In the end, though, Pathfi nder succeeded simply because people 
worked very hard. Pathfi nder provided a model for faster-better-cheaper 
missions: gather a bunch of bright youngsters and turn them loose, with 
graybeards like Spear to watch over them, and through heroic effort they 
would get the job done.65 Pathfi nder achieved higher productivity (and hence 
lower cost) by overworking people, which raised the issue of how long the 
lab could sustain such an effort. One technical manager noted the “high 
stress and much overtime” on the project and asked, “how do we deal with 

Figure 17.3. First tracks on Mars. Sojourner rover, imaged from Pathfi nder lander. 
Source: JPL Photolab.
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this type of activity long term?”66 Spear recalled, “We talked about that at 
great length after Pathfi nder and said, we can’t do that from one project to 
the next.”67 The lesson, however, would be forgotten.

Pathfi nder did not exactly fi t the Discovery program mold. For one, in-
stead of giving a scientifi c investigator overall responsibility, Pathfi nder had 
an experienced systems engineer in charge. Second, it was more a technology 
than a science mission; it was planned as a demonstration for the MESUR 
network of landers, but when NASA cancelled MESUR after the Mars Ob-
server failure, Pathfi nder remained.68 The lander and rover carried cameras, 
and the rover a spectrometer to analyze the chemistry of Martian rocks, but 
in terms of the old tradeoff, Pathfi nder was more exploration than science. 
That explained its public appeal, but the main scientifi c results from Mars in 
this period would come from another mission.

Mars Global Surveyor

Weeks after the Mars Observer failure, a group at JPL had begun studying 
ways to fulfi ll the mission. The process pitted scientists seeking full recovery 
of Observer’s goals, for which they had waited ten years, against NASA’s 
push for faster-better-cheaper. By early 1994 plans had settled on a new Mars 
Surveyor program to recapture Observer’s science in a series of smaller mis-
sions, starting with an orbiter called Mars Global Surveyor in 1996, which 
would carry fi ve of the seven Observer instruments, followed by launches 
in 1998 and 2001.69

To save mass, the Global Surveyor would mostly use aerobraking instead 
of propellant to enter orbit at Mars, but a major threat to this plan emerged 
after launch. When the solar panels deployed, one of the joints buckled, 
leaving one solar panel fl apping like a broken wing. Relying on atmospheric 
resistance to slow the spacecraft would stress the crippled wing—and per-
haps break it off. Project manager Glenn Cunningham decided to ease the 
spacecraft into circular orbit by stretching aerobraking over an extra year, to 
early 1999.70 Delaying the primary mission proved a blessing in disguise. The 
extended elliptical orbit at its low point dipped below the ionosphere, allow-
ing better maps of the gravitational and magnetic fi elds. It thus enabled the 
spacecraft magnetometer to detect remnant magnetism, or localized magnetic 
fi elds frozen in the planet’s crust. Mars had previously shown no evidence of 
a magnetic fi eld, but the remnant fi elds suggested that in the past Mars had a 
strong global fi eld, in turn suggesting a more dynamic thermal and geologic 
history. And since a magnetic fi eld would help protect the surface from high-
energy cosmic rays, as Earth’s does, the possibility of ancient magnetism on 
Mars had important implications for the search for life.71
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Similar implications emerged from images from the spacecraft camera, 
which could pick out objects 1.4 meters across. Pictures of cliff walls taken in 
early 2000 revealed widespread gullies, apparently cut by melting subsurface 
ice (see fi gure 17.4); other pictures of a curving canyon suggested channels 
carved by water. The lack of dust or other features across the gullies hinted 
that they may have formed recently, and that liquid water might currently 
exist just below the surface. As with Europa, the compelling evidence for 
liquid water on Mars raised hopes of fi nding signs of life.72 Mars Global 
Surveyor also returned extensive data on Martian weather, topography and 
geodesy, volcanism, and the polar caps, all of which combined to change 
greatly our knowledge of the planet. Within a few years the results would 
make the cover of Science six times, and the volume and precision of the data 
set promised to occupy scientists for years to come.73

Cassini

The Cassini mission likewise gave grounds for optimism: the spacecraft sailed 
through development with few hitches once its survival was assured. Larry 
Dumas thought that “we fi nally got fl agship development right on Cassini 

Figure 17.4. Evidence for recent liquid water on Mars: channels in a crater wall, 
imaged by Mars Global Surveyor. Source: JPL Photolab.
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. . . just when these missions went out of style.”74 Styles, however, can return, 
and this one would.

Cassini also provided one more example of the increasingly commercial 
mindset of JPL, one that extended into the practice of systems engineering. 
The number of instrument teams complicated the usual negotiations for 
mass, money, and power supplies. John Casani, the initial project manager, 
brought in John Ledyard, a Caltech economist, for advice on the allocation 
of resources among the teams. Instead of the standard, centralized allocation 
of reserves by the project manager, Ledyard recommended a decentralized 
marketplace: Casani would give all the reserves to the instrument teams at the 
outset and then set up an online bazaar. As Casani described it, “If you need 
more money, you say, ‘I’ve got 3 kilograms, what am I bid for it?’ You can 
sell some of your mass margin, or you can sell some of your power margin, 
or you can sell some of your money margin. Or you can say, ‘I need money 
this year, if you give me a hundred [thousand] this year I’ll give you a hun-
dred twenty-fi ve [thousand] next year.’” The scientists at fi rst viewed this 
approach with suspicion, but eventually came to appreciate that decisions 
were in their hands instead of dictated from above. As for Casani, he loved 
it. He no longer had scientists constantly begging him for reserves, and, more 
important, with the market approach the collection of instruments came in 
within cost and mass limits—a fi rst, in Casani’s extensive experience.75

Cassini launched on 15 October 1997, but only after enduring  widespread 
protests and a lawsuit, similar to those raised against Galileo, about the haz-
ards of the plutonium isotopes it carried for electrical power.76 The school-
bus-sized spacecraft faced a seven-year journey to Saturn, but its terrestrial 
trials had ended.

A Multitude of Missions

The launch of Cassini was supposed to mark the fi nal transition to faster-
better-cheaper. The new mode was starting to multiply missions at JPL, 
and the shift to long-term programs instead of discrete projects allowed lab 
staff to focus on carrying out missions instead of constantly strategizing 
to win new starts.77 The new programs also encouraged imaginative plans 
for harpooning comets, submarines on Europa, and airplanes for Mars. 
But JPL still faced the fact that Discovery missions, while cheaper, were 
not so cheap as to realize Goldin’s dream of launching many each year—
to “blacken the sky with spacecraft.”78 Discovery and Surveyor missions 
hence did not compensate for the Cassini workload: fl ight project staffi ng 
dropped about 300 work-years with the completion of Cassini, vindicating 
both those at JPL who viewed faster-better-cheaper as a poor business model 
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and those at NASA who viewed JPL as overstaffed for the post–cold war 
program.79

Science instruments picked up some of the slack. In 1998 fl ight instru-
ments passed fl ight projects as the largest effort, with more than 500 work-
years.80 Many of these instruments were for earth sciences; the large-platform 
concept for the Earth Observing System gave way to a series of smaller 
satellites, for which JPL built a variety of scatterometers, radiometers, and at-
mospheric sounders, the largest of which could occupy up to 100 engineers.81 
In 1992 the lab also launched the Topex/Poseidon satellite, whose altimeters 
could determine sea-surface heights to within a few centimeters; it tracked 
the El Niño events of 1994–95 and 1997–98, where warm-water masses in 
the Pacifi c Ocean showed up as sea-surface bulges, heralding severe weather 
patterns. The synthetic aperture radar program continued with SIR-C, which 
fl ew twice on the space shuttle in 1994, and the Shuttle Radar Topography 
Mission in 2000, which used two antennas, one at the end of a 60-meter mast, 
to perform radar interferometry; running the 12 terabytes of data through 
image-processing software produced high-resolution, digital elevation maps 
of all landmasses between plus and minus 60 degrees latitude.82

Perhaps the best example of JPL’s new approach to spacecraft came from 
infrared astronomy. The Space Infrared Telescope Facility (SIRTF, later called 
the Spitzer Space Telescope) was a major observatory, comparable to the 
Hubble telescope, planned in the 1980s to follow the success of IRAS. Initial 
designs placed it in low earth orbit for launch and servicing by the shuttle. 
But that orbit entailed a large cryogenic cooler of liquid helium, to shield the 
infrared sensors from heat refl ected from the earth, and articulated anten-
nas and solar arrays to account for changing geometries. Project manager 
Larry Simmons switched to another plan based on a solar orbit, where the 
telescope would trail Earth at a great distance in its orbit around the sun. A 
high orbit away from Earth required fewer cryogenics and had easier view-
ing geometries, but it took away the possibility of shuttle servicing, which 
limited the telescope’s lifetime to its few years’ supply of coolant and also 
raised the stakes of failure.83 Most important, it cut the telescope’s mass from 
5,700 kilograms to 900 kilograms and its cost from $2 billion to $450 million. 
The scaled-back SIRTF hence won approval in 1997, and Stone and NASA 
managers from Goldin on down viewed it as an exemplar of the faster- better-
cheaper approach: use imaginative solutions to cut costs, and accept more 
risk with the possibility of fl ying more missions.84
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Transcendence

JPL’s program in the mid-1990s received a fi nal boost from an unexpected 
direction. In August 1996 scientists at the Johnson Space Center published 
an article in Science declaring that a meteorite from Mars, discovered in Ant-
arctica, contained evidence of organic molecules and fossils of microscopic 
organisms. The evidence was inconclusive and controversial, although it was 
reinforced by discoveries on Earth of life existing in surprisingly harsh en-
vironments: scientists found so-called extremophiles thriving around deep-
ocean geothermal vents, in acidic hot springs and frozen Antarctic rocks, and 
in rocks several kilometers underground. In the meantime the Mars rock, 
announced at a White House press conference, set off a public frenzy about 
life on Mars. The White House convened a “space summit” later that year 
to plan the American response, which coalesced around a program already 
in the works, called Origins.85

The Origins program addressed basic questions: How did the universe 
evolve? What is the origin of life? Is there life beyond Earth?86 JPL served 
as the lead center for Origins and had two clear roles in it: fi rst, planetary 
exploration of Mars, Europa, and other possible homes for life; and second, 
astronomical searches for planets outside our solar system, which might like-
wise harbor life. This second aspect stemmed from JPL’s work on extra solar 
planets sparked by IRAS in the 1980s. In addition to infrared and submilli-
meter astronomy, which were suited to detect dim planets around other stars, 
in the early 1990s JPL pursued another avenue in optical interferometry, 
which hoped to combine light from two telescopes in order to cancel out 
the starlight and leave any planets in view.87

The Origins program thus merged the Mars rock and extremophiles with 
several other recent discoveries, including Europa’s ocean, Hubble images 
of possible proto-planetary systems in stellar nebulae, and strong evidence 
for extrasolar planets.88 It also addressed the criticism circa 1980 that plan-
etary science had become pedestrian and that astronomy was the best route 
to fundamental questions. Instead, Origins enabled JPL to tie together its 
work in infrared astronomy, interferometry, and planetary exploration in a 
single theme—and one that addressed the most fundamental questions of 
all. This transcendent rationale held particular appeal in the post–cold war 
context as a justifi cation for the space program to replace cold war compe-
tition and as an alternative to the more mundane invocations of economic 
competitiveness then prevalent. Hence Goldin included ethicists, religious 
leaders, and historians in Origins planning, and a Science editorial declared 
that Origins would transcend science itself, “to engage the larger philosophi-
cal and religious communities in an ambitious attempt to understand who 
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we are, whence we came, and how we fi t into the cosmic theme of things as 
wise, ethical human beings.”89

JPL also tried to expand into the astrobiology segment of Origins. JPL 
had maintained a small exobiology program since the 1960s, as well as the 
Search for Extraterrestrial Intelligence—once again cancelled by Congress, 
amid mockery of “the great Martian chase,” soon after observations fi nally 
started on the Deep Space Network in 1992. After the discoveries of the 
mid-1990s, a reoriented and broadly defi ned astrobiology began searching 
for signs of organisms and habitable environments. Astrobiology resonated 
with the general vitality of the biological sciences in the 1990s; Goldin wor-
ried that “the biological revolution has passed the space program by” and got 
NASA on the bandwagon. It also engaged the personal interest of Caltech 
president David Baltimore, whose wife Alice Huang, also a microbiologist, 
served on a NASA astrobiology panel. As Baltimore put it: “The raison 
d’être for the lab is increasingly the discovery of life elsewhere. And with 
that focus, it’s a biology lab. Maybe a funny way to do biology.” JPL thus 
expanded its own efforts in parallel with NASA, although NASA assigned 
the lead role in astrobiology to Ames.90

The Mars rock and a comet impact on Jupiter abetted a revival of popu-
lar fascination with space similar to that of the 1970s. The movie industry 
refl ected this interest with several blockbusters, including “Deep Impact” 
and “Armageddon,” both about meteor impacts on Earth, “Mission to Mars” 
and “Red Planet,” about mysterious life forms on Mars, and several new 
installments slated for the Star Wars saga. JPL’s executive council in 1999 
noted the surprising interest in “space movies and the merging of entertain-
ment and realities.” The merging included a new mission, approved that year, 
which planned to fi re a 500-kilogram projectile into the comet P/Tempel-1 
and observe the resultant crater. JPL’s project manager had to insist that the 
mission’s name, Deep Impact, was in fact selected prior to the movie.91

The new public interest, nourished by Galileo, Pathfi nder, and Mars 
Global Surveyor, signaled a recovery after the lows of the early 1990s. The 
space summit and Origins promised to boost JPL’s budget by 20 percent. 
By early 1998 Stone could declare: “JPL’s future has never been stronger. . . . 
Today the laboratory’s challenge is not one of survival, but of delivering.”92 
The programmatic recovery coincided with stabilization in JPL’s administra-
tive environment, especially its relations with NASA, and also with the long-
desired funding for advanced technology. Together these developments had 
JPL fl ying high as it approached the end of the decade. Then came a crash.
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E I G H T E E N

Annus Miserabilis

JPL’S HIGH HOPES CAME CRASHING BACK DOWN IN 1999 WITH A SERIES OF 
embarrassing failures, most notably of two spacecraft at Mars. The debacles 
and ensuing public scrutiny produced much soul-searching at all levels over 
the future of JPL, called into question the concept of faster-better-cheaper, 
and plunged the lab into its deepest crisis since the Ranger failures of the 
early 1960s.

The Failures

In his state of the lab address in March 1999, Ed Stone celebrated the launches 
of six space missions in the previous six months: Deep Space 1, testing an 
ion-drive propulsion system; Mars Climate Orbiter, Mars Polar Lander, and 
the Deep Space 2 surface penetrator experiment, all headed to Mars; Stardust 
for a comet sample return; and the Widefi eld Infrared Explorer astronomy 
satellite, to study evolution of distant galaxies.1 Four of them would fail.

First came the Widefi eld Infrared Explorer, which began leaking cryo-
genic coolant soon after launch that March, ending the mission. Then the 
Great Galactic Ghoul reared its ugly head. Amid JPL’s multiplying missions, 
Mars had remained the centerpiece, with two Surveyor missions launched 
in 1998: the Climate Orbiter and Polar Lander. Climate Orbiter would be a 
sort of Martian weather satellite, and the lander would provide for detailed, 
long-duration measurements at the south pole. The two missions together 
cost $193 million, a little more than Pathfi nder’s price tag of $175 million 
(but less in constant dollars), and they would take three years to design and 
launch. In effect, JPL was providing two missions for the price of one, and 
in the same amount of time—and the 1998 missions would carry much more 
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science. The hard bargain resulted from NASA’s desire for frequent launches 
under faster-better-cheaper but with insuffi cient funds to achieve them.

It was diffi cult enough trying to build two missions for the price of 
one, especially when the one was the cut-rate Pathfi nder. But JPL also con-
tended with continued attempts by NASA to tweak the mission. Part of this 
stemmed from a desire for international cooperation, which led NASA to 
add two Russian instruments to the Mars missions. It derived also from the 
old problem of human versus robotic exploration. With Mars again a focus 
of the space program, the idea of a manned mission to Mars returned to the 
front burner, and the human spacefl ight program began jockeying for control 
of precursor missions, including the possibility of additional experiments on 
the Mars orbiter and lander.2

With project managers fending off NASA requests and struggling to get 
adequate staff within the limited budget, some worries surfaced at JPL. In 
March 1997 the executive council wondered whether the lab had recognized 
the increased risk that came with faster-better-cheaper. The leader of an inter-
nal study on risk management noted, “Some missions may be headed toward 
a cliff on this.” Mars program manager Norm Haynes recalled, “We kept 
asking ourselves, ‘can we do this, can we do this?’” But the overall assessment 
of managers at JPL and Lockheed Martin, the spacecraft contractor, was that 
the two spacecraft were in good shape heading to launch.3

The Mars Climate Orbiter arrived fi rst at Mars on 23 September 1999. 
After it fi red its main engine to slow its approach, the spacecraft passed 
behind the planet as it entered orbit, blocking its radio signal. But when 
engineers expected to recover the signal when it came back into view, they 
heard nothing—and continued to hear nothing even as they worked through 
troubleshooting sequences. Within a few days they recognized failure because 
a clear cause had emerged. The spacecraft had small thrusters to steer it. The 
software calibrating the thrusters was written by a young engineer at Lock-
heed Martin who had been on the job a short time. The software calibrated 
the thruster force in English units of pounds rather than the specifi ed metric 
units of newtons, so that each time the thrusters fi red the trajectory changes 
were off by a factor of 4.5. As a result, the Climate Orbiter came in toward 
Mars too low, at an altitude of 57 kilometers instead of 226 kilometers, and 
plunged into the planet.4

The failure was vastly embarrassing, both publicly—how could they just 
botch the units!—and within the space community. JPL had long prided 
itself on its navigation expertise, perhaps more so than its spacecraft hard-
ware. Spacecraft, after all, had suffered many component failures, but naviga-
tors had always provided pinpoint precision, for instance in getting Galileo 
and Voyager to their far more distant targets with vanishingly small errors. 



278 • The Stone Years, 1991–2001

So how could they not notice accumulating errors in the Climate Orbiter 
trajectory?5

There were several opportunities to catch the error. Ground tests should 
have revealed it, but Lockheed Martin misclassifi ed the software as not 
 mission-critical, so it did not undergo the usual scrutiny.6 JPL’s navigators 
caught other errors in the software before launch, but rather than docu-
ment them with a problem-failure report, they sent an e-mail to Lockheed 
Martin—the type of informal communication encouraged by faster-better-
cheaper, but one that escaped the tracking system of systems management.7 
More galling was the fact that navigators did not correct the error after 
launch, when the trajectory showed an error of the same magnitude every 
time the thrusters fi red, without the scatter one would expect from random 
errors. Engineers at Lockheed and at JPL did notice the discrepancies before 
arrival at Mars, but JPL’s navigation team elected not to raise a red fl ag or 
call in peer review. The team was understaffed and dealing with turnover in 
management, but that did not excuse their neglect. The error did not just slip 
through the cracks; rather, it was identifi ed but swept under the rug.8

As for the units issue, the Mars spacecraft might have seemed a casualty 
of the continuing American reluctance to convert to the metric system. But 
JPL had long used metric units for science and engineering, including inter-
planetary navigation. In 1992 NASA’s space science offi ce committed to the 
metric system, with the conversion to be complete by 1997, and JPL began 
converting the entire lab to metric.9 JPL engineers’ familiarity with metric 
units may have prevented them from considering the possibility of such a 
basic mix-up.

The Climate Orbiter failure raised the stakes for the Polar Lander. Stone 
declared to lab staff that the lander was now “the most important issue facing 
JPL.”10 That did not bode well. Managers had left Climate Orbiter’s naviga-
tion team understaffed because it was supposed to be the easy one: landing 
a spacecraft is much harder than orbiting.11 Furthermore, the lander would 
use not the airbag method proved by Pathfi nder but rather retro-rockets, 
because Lockheed Martin had experience with them from Viking and future 
Mars missions would need the pinpoint location provided by rockets instead 
of the haphazard bouncing of airbags. Above all, the lander design had been 
fi nalized in 1995, well before Pathfi nder showed that airbags indeed worked. 
The design thus resulted from the desire to launch to Mars at every opportu-
nity, every twenty-six months, which meant that JPL could not apply lessons 
from one mission to the next one, but only to the next one in the queue after 
that, several years down the road.12

In response to the orbiter failure, for the lander JPL brought in additional 
experienced managers, beefed up the navigation team, and expanded peer 
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review, especially for navigation and the landing sequence.13 It still did not 
work. On 3 December 1999 the spacecraft started its descent to the surface, 
slowed fi rst by a parachute and then by the retro-rockets. Mission control 
expected to lose radio contact with the lander during the descent; problems 
with geometry and antenna gain made communication diffi cult, and to save 
money designers decided to do without it. Pathfi nder had similarly skipped 
telemetry, although a review board at the time had worried “that if the lander 
fails we won’t know why.” Pathfi nder’s success rendered the issue irrelevant, 
until Mars Polar Lander. After several minutes of blackout, JPL fl ight con-
trollers expected to reacquire a signal. As on the Climate Orbiter, the moment 
passed with no contact. The moment turned into minutes, hours, days. JPL 
had lost another spacecraft at Mars.14

Engineers eventually found the likely cause in ground tests. After the rock-
ets fi red to slow the spacecraft’s descent, sensors and software on the lander 
legs would detect touchdown and shut off the engine. But when the legs 
deployed during descent they shook a little, and the sensors, detecting the 
vibration, could shut down the engines too early. The spacecraft designers 
recognized this possibility and programmed the sensors to wait until the legs 
deployed, at over 1,000 meters altitude, but an error in the code allowed the 
sensors to signal landing at a height of 40 meters, thus shutting off the rock-
ets and leaving the spacecraft to plummet to the surface. Project engineers 
should have caught this error, too, in testing. In a ground test of leg deploy-
ment the sensors had not worked at all. Engineers found a wiring mix-up, 
fi xed it, and repeated the test—but only the touchdown part. The sensors 
detected touchdown and the test engineers declared success. They did not 
repeat the entire deployment sequence and hence missed the early shutdown 
signal.15

The thousand-odd journalists who had gathered at JPL for the landing 
quickly changed their story lines from redemption to redoubled ineptitude. 
Compounding the embarrassment was the simultaneous loss of the Deep 
Space 2 mission, which had piggybacked on the lander and then separated 
during the descent. That mission consisted of twin penetrators, each the size 
of a basketball, designed to fall unimpeded and drive small water-detection 
probes one meter into the ground from the force of impact. The probes 
likely plowed into the ground about the same time as the Polar Lander, 
but with much greater violence; like the lander they were never heard from 
again. Postmortems found no evident cause, but a review board declared 
unequivocally that “the microprobes were not adequately tested and were 
not ready for launch.”16

A fi nal screwup arrived in March 2000. Goddard had sent the High En-
ergy Solar Spectroscopic Imager (HESSI), a spacecraft designed to study solar 
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fl ares, to JPL for vibration tests. JPL engineers set the test level ten times 
too high, infl icting substantial damage to the $40-million spacecraft.17 The 
HESSI incident came ten days after a critical report on the Mars failures by 
an independent review board and completed a miserable year at JPL.

The Young Report

After the failures Dan Goldin did not chew anyone out; he had viewed risk as 
a corollary of faster-better-cheaper and took the blame before the press and 
Congress for pushing JPL too hard.18 But he also convened a review board 
called the Mars Program Independent Assessment Team—usually known 
as the Young panel after its chairman, Thomas Young, a retired Lockheed 
Martin executive and former director of Goddard and NASA’s planetary 
program. Goldin viewed the review as a way to get JPL’s attention, and the 
report came out purposefully blunt. Even before the second failure Stone 
warned Caltech’s trustees that “this will not be pretty.”19 He was right.

The Young report looked beyond immediate, engineering causes to indict 
JPL and NASA management. Tangled lines of communication led JPL to 
hear NASA requests as nonnegotiable mandates, while NASA managers, 
for their part, seemed not to want to hear bad news from JPL. In the other 
direction, managers at JPL and Lockheed Martin developed a close working 
relationship. Maybe too close, since it led fi rst to JPL managers accepting less 
oversight of the fi rm and also to what the Young report characterized as an 
“insular relationship.”20 Although the Young report did not question the use 
of a contractor in system mode, the Mars failures did demonstrate the risk 
in trusting mission-critical work to contractors, who might not—and in the 
case of the orbiter software did not—treat it as mission-critical.21

The most obvious cause for the failure was corner-cutting under faster-
better-cheaper—that is, too little time and money to do the job right. This 
applied to all three institutions—NASA, JPL, and Lockheed Martin—and 
also involved deeper issues. The poor state of the aerospace business, com-
bined with JPL’s decision to select a long-term partner, no doubt encouraged 
Lockheed’s lowball bid—what the Young panel called an “aggressive pricing 
strategy”—on the Mars ’98 contract.22 JPL’s subsequent refusal to seek more 
money from NASA similarly may have derived from fear of competition; 
NASA could have interpreted such a request as proof that JPL could not do 
faster-better-cheaper, at a time when the Applied Physics Lab was returning 
unspent funds on its Near-Earth Asteroid Rendezvous mission.23

The main shortfall may have been as much time as money. Noel Hin-
ners from Lockheed Martin cited schedule pressures as the main cause of 
shortcuts, and Norm Haynes recalled of the lander, “Part of the problem we 



Annus Miserabilis • 281

missed the software bug was because the guys were in such a hurry in test. . . . 
A little more time and we’d have had a much better chance of catching that 
bug.” Planetary space missions are almost unique in their need to launch dur-
ing a particular window, and missing the window can be akin to failure. This 
especially affected the Mars program, where the next launch opportunity was 
twenty-six months away and where the Mars rock discovery had accelerated 
the timetable for a sample return mission. The Young report stressed that 
NASA and JPL should prefer to miss a launch window rather than launch 
an ill-prepared mission: “if not ready—do not launch.”24

The Mars failures showed that heroic effort alone would not get the job 
done. And here the youth of the team perhaps worked against them. Unlike 
Spear and Cunningham, the experienced project managers on Pathfi nder and 
Mars Global Surveyor, John McNamee had no project management experi-
ence prior to his appointment as head of the Mars missions. JPL, however, 
faced a dilemma: the profusion of spacecraft and big instrument projects in 
the late 1990s coincided with the retirement of several stalwarts of project 
management, including Spear, Cunningham, and Casani. Young managers 
no longer had the luxury of working their way up from subsystems through 
spacecraft system engineer to project manager; instead the lab thrust them 
straight to the top of projects. The skunk works approach meanwhile isolated 
the youngsters from the experienced managers in the technical divisions.25

The Young report cited the lack of experience and the need to mentor 
new project managers. The report itself did not say more, but others did. 
Arthur Lonne Lane, a veteran of many JPL projects, had warned Pathfi nder 
people of the value of experience, speaking of the “scars and knifewounds” 
left by “hardware disasters. . . . I don’t think until you’ve actually bled on 
the fl oor and been sliced up that you really understand the magnitude of 
certain decision pathways.”26 In the celebration after Pathfi nder some of the 
young Pathfi nder team, who had experienced nothing but success, perhaps 
got cocky. According to Bruce Murray, an advisor to the Young panel, “the 
Pathfi nder people . . . went out and said, ‘look, we showed these guys we can 
do it cheaper than the regular old line way of doing it.’” Pete Lyman, now 
retired from JPL and a Young panelist, similarly said: “They were all young 
ones. And they thought—and I don’t blame them for thinking this—‘man, 
this is easy, I can do this.’ But they’d never been where they’d had their fi n-
gers burned before.” Whether out of cockiness or complacency, they failed 
to appreciate how close even successful missions skated to disaster and hence 
ignored or explained away warning signs instead of pursuing them to ground. 
As Murray put it, “You come close, you can get seared in your soul.”27

Others, however, thought the Young report overstated the lack of ex-
perience. Norm Haynes was confi dent before the launches in part because 
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the project had review boards with many decades of project management, 
including Casani, Cunningham, and Spear. There were still plenty of senior 
people who had been around JPL for decades, and the many missions in 
earth science and astronomy, supplemented earlier by defense projects, had 
furthermore provided a number of management opportunities—enough so 
that JPL now had more experienced project managers on its staff than it 
had twenty or thirty years earlier. More important, according to Haynes, 
were the immediate effects of turnover on the Mars project, when the retire-
ments of Cunningham and a navigation section manager roiled the mission 
midfl ight.28

Management Initiatives, Military Modes, 
and the Mars Missions

The Young report did not cite two other features of the context: the embrace 
of such management philosophies as reengineering and the military roots 
of faster-better-cheaper. Although neither was a direct cause of the Mars 
failures, both contributed to the environment around the failures and to 
JPL’s response.

The management initiatives had not only diverted time and effort from 
the task at hand; they also introduced a focus on the customer. The new belief 
in customer service increased responsiveness to NASA and moderated the 
lab’s reputed arrogance, but a belief that the customer is always right could 
reduce the lab’s independence and lead it to accept unreasonable demands. 
In 1992, soon after the adoption of Total Quality Management, Stone had 
defi ned a new strategic goal that would become a refrain: “Make a deal and 
stick to it.”29 JPL stuck to its deal on the Mars missions and paid the price: 
the lab agreed to the initial cost cap and then refused to ask NASA for more 
money. Appeasement in part stemmed from the presence of Goldin, whose 
management style encouraged submission. After the earlier Mars Observer 
failure Goldin had come to JPL and declared: “If there was something wrong, 
you should have called it out and said we shouldn’t have done it. If we at 
headquarters or anyone else forces a contract down your throat that’s stu-
pid, just say no.” But a corollary, he continued, was that having agreed to a 
project, “The new rule is that you’ve got to do what you say you are going 
to do.” JPL took the rule to heart and after accepting the initial budget on 
the Mars mission, refused to challenge the customer.30

Reengineering may also have diluted JPL’s culture of peer review. Space-
craft design reviews, a key component of systems engineering, put engi-
neers and their designs on trial before a critical review board, whose job 
was to probe—ruthlessly—for possible design fl aws. The unfettered airing 



Annus Miserabilis • 283

of  opinions, which perhaps derived from the lab’s association with Caltech, 
extended to everyday encounters. Larry Dumas cited the sense that “a person 
cannot stand up and start talking at JPL without it turning into a design re-
view. We’ve got this analytical, critical approach, that’s very tough on people 
. . . and sometimes it’s not very polite, but I think that’s an important part.”31 
But reengineering stressed consensus instead of criticism and included the 
hiring of a management consultant for workshops on “conversation manage-
ment”—and, as Casani recalled, “one of the things he admonished everybody 
against is to stop fi nding fault.”32

Appeasing NASA on the budget and stressing consensus may not have 
caused the failures at Mars, but they did not help. As interesting is JPL’s 
reaction to the failures. Amid the postmortems, grumblings over process-
based management increased, some in an explicitly ideological framework. 
As one admittedly conservative JPL manager put it: “Under Stone, the lab 
moved—philosophically—to the left. We’ve moved to where individuals 
weren’t responsible.”33 Unlike the Ranger failures, where the two senior 
project managers were dismissed, no one at JPL was fi red or reprimanded 
after the debacles at Mars. On the contrary, Stone took great pains to stress 
to lab staff that “the loss of the Climate Orbiter is not about human failure. 
It is about the failure of our processes—our checks and balances. . . . Hu-
mans make mistakes and our processes must assure that we recognize and 
correct those mistakes. What we are not going to do—nor should you—is to 
fi x the blame.”34 Meanwhile, Goldin’s apologies for pushing too hard could 
be interpreted as absolving individuals at JPL; instead it was NASA’s fault. 
These refusals to pin blame were commendable and warranted; neither Mc-
Namee nor the young Lockheed engineer, for example, deserved to bear the 
full weight of the orbiter failure. But blaming undefi ned processes dodged 
accountability. The same JPL manager concluded: “So all of this stuff was 
just the way the country was going, where there’s no individual responsibil-
ity—the government or somebody else is responsible for everything.”35

As for the military origins of faster-better-cheaper, we have seen that the 
new approach germinated in the relative shelter of military programs. The 
Mars failures gave faster-better-cheaper the full blast of civilian treatment. 
Military programs, of course, did not escape public scrutiny: Congress took 
regular delight in exposing overruns in military programs, such as the navy’s 
mythical $435 hammers.36 But as the Clementine review board noted, military 
projects in general benefi ted from less congressional involvement, agency 
oversight, and scientifi c participation than NASA missions, and this view 
did not account for classifi cation.37 The differences dated back to the start 
of the space race: the Discoverer program—the public name for the classi-
fi ed Corona spy satellites—had twelve failures before fi nally succeeding in 
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August 1960 but received little political scrutiny; fi ve failures on Ranger were 
enough to call down criticism and NASA review boards, and a subsequent 
sixth failure produced a congressional investigation.38

Hence Goldin, in the same speech at JPL in 1994, noted that right after 
the loss of contact with Observer, “within eight hours, we lost a weather 
satellite. Then the Defense Department launched a classifi ed spacecraft for 
a billion and a half that went into the drink. Do you know what the fi rst 
headline was? ‘NASA loses another satellite.’” He was a bit off on the tim-
ing of the military satellite but right about the overall impression from the 
headlines: Observer occupied the front page and editorials for several days, 
while the military failure faded quickly from sight. A spy satellite lost in 
1998 and then the Mars failures in 1999 received similarly disparate public 
scrutiny.39 The American public seemed consistently willing to accept mis-
sions that entailed risk, to machines as well as to human lives, for the sake of 
national security but not for space science or exploration. As a product of 
military programs, faster-better-cheaper entailed risk, but when the reality 
of risk appeared, JPL and NASA—and the American public—turned out 
not to have the stomach for it.

The Response

The Mars failures and other mishaps punctured the self-image of JPL. Lab 
staff had a habit of touting the lab’s superlative expertise—how it attracted 
the smartest people and turned them loose on far-out projects. This con-
fi dence had characterized JPL since its fi rst forays into space, but it now 
confronted its common fallibility. The lab fell into a funk. The malaise tapped 
into preexisting complaints about increasing bureaucracy and downsizing, 
especially at lower levels of the lab, and cast Pathfi nder and Origins as only 
a temporary respite.40 Former NASA manager Wes Huntress, on a visit to 
JPL two years afterward, called the failures the institutional equivalent of 
Vietnam and added, “There’s a pall over this place.”41 The Ranger failures of 
almost forty years earlier provided a closer equivalent. The pointed criti-
cisms of the Young report encouraged congressional critics to “sharpen up 
their knives,” according to one news headline.42 Unlike Ranger, however, 
when NASA had used congressional investigations to gain leverage over JPL, 
Goldin’s reaction shielded the lab from congressional hearings. But on the 
Ranger failures Congress had acted to rein in a more independent laboratory. 
Thanks to NASA’s growing leverage, the problem now was not JPL’s lack of 
submission but rather too much of it.43

That did not stop scrutiny in public forums or pressure from NASA 
itself. The Young report, however, conditioned NASA’s response, and the 
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agency and the panel did not align. The result was another tug-of-war over 
faster-better-cheaper, this one conducted not in open debate but through 
the actions taken after the failures. Although the dispute did not exactly fall 
along generational lines, some of the older guard shared a sense that younger 
engineers had too easily abandoned the tried-and-true, if costly, precepts of 
systems engineering. The experienced membership of the Young panel en-
sured that it was weighted toward the old school. Although the panel stated 
its approval of the faster-better-cheaper concept, it also declared that the space 
program had proven the techniques of systems engineering over several de-
cades, and that these techniques should apply to smaller missions.44 Pete Ly-
man declared: “There were a lot of issues dealing with faster-better-cheaper, 
and mind-sets about ‘golly, the old way had too much documentation, had 
too much this, too much that.’ And they threw some of the babies out with 
the bathwater.”45 JPL responded to the report with increased reviews and 
management oversight, problem reporting, quality control, and integration 
with line management (that is, abandoning the skunk works)—in short, with 
a return to the conservative techniques of systems engineering.46

Faster-better-cheaper advocates viewed the reaction with dismay. They 
argued that JPL and NASA had tested the limits of faster-better-cheaper and 
now, having found them, just needed to back off a little. Haynes observed, 
“It’s not like we threw this thing together and nothing worked.” He thought 
the Mars missions, even at the two-for-one price, had ended up perhaps 
only 20 percent short of time and money.47 Instead JPL now seemed on 
the verge of throwing faster-better-cheaper itself out with the bathwater. In 
July 2001 Stardust project manager Tom Duxbury criticized an “overreac-
tion. . . . Faster-better-cheaper is out of vogue.” For proof, he pointed to 
the resurrection of the fl ight projects organization, the bastion of systems 
engineering abolished by Stone in 1994.48 Wes Huntress, who in 1998 had 
resigned as NASA space science manager, feared the failures “just brought 
the old school right back. Instead of backing off and fi guring out ‘what did 
we do wrong, let’s fi x that,’ instead they went all the way back to the old 
way of doing business.”49

The effects soon appeared in the next Mars missions in the queue. Plans 
for the 2001 launch opportunity had called for another orbiter and lander, 
with a total cost under $282 million and an option to carry a spare Pathfi nder 
rover on the lander. At the time of the Young report the spacecraft were a 
year from launch and were already in system tests at Lockheed Martin, and 
NASA had spent perhaps three-fourths of the budget. But their design de-
rived largely from the failed spacecraft—for instance, the new lander inherited 
70 percent of its fl ight software from the earlier design (and the cause of the 
1999 failure was, in fact, found in testing of the new one). NASA balked—in 
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the view of Haynes, “they didn’t want to have anything to do with anything 
that came out of that project that had two failures.”50 The agency pulled the 
spacecraft back for a major redesign, into what eventually became the Mars 
Exploration Rover mission, or MER, for twin rovers to launch in 2003. The 
budget ballooned to an eventual total of $800 million, siphoning funds from 
other potential missions, including ones to Pluto and Europa.51 As Haynes 
put it in early 2003, “What’s been going on the last year or two is, that giant 
sucking sound you heard was the sound of the MER projects sucking up all 
the available money from NASA and JPL.”52

Conclusion

In May 2000, as JPL began addressing the Young report, Stone announced 
he would retire at the end of the year when he turned sixty-fi ve.53 Age, not 
events, dictated his retirement; he was not paying the price for the failures. 
On the contrary: Stone began the process of recovery even as he prepared 
to leave the lab, much as recovery from the crisis of 1981 began before Bruce 
Murray left. Yet deputy director Dumas admitted that the Stone regime 
toward the end had accumulated a number of unpopular decisions—down-
sizing, salary freezes, the management initiatives—that diminished its ef-
fectiveness.54 In this respect, too, Stone resembled Murray, albeit again with 
the central difference that Murray’s baggage stemmed from external activism 
and Stone’s from internal decisions.

The Mars failures and the reaction marked a turning point in JPL’s history. 
They forced the lab to reconsider its commitment to faster-better-cheaper, 
which it had engaged for almost a decade. In the longer view, the series of 
smashups marred an otherwise long record of success stretching back thirty 
years, and unlike the loss of Mars Observer, the lab could not dismiss them 
as a one-time aberration. The soul-searching in the aftermath demonstrated 
the depth of the impact, comparable only to the Ranger failures in the his-
tory of JPL. The adversity of Ranger had forged a new organization and 
discipline in the 1960s; it remained to be seen whether JPL would similarly 
emerge stronger in the new century.
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ceed Stone in 2001. It was far from a slam-dunk choice. Members of the 
search committee thought JPL needed someone from outside the lab to re-
spond to the Mars failures—“a breath of fresh air,” as Baltimore put it—and 
Elachi was about as much of an insider as one could be, having spent his 
entire career at JPL after graduate school at Caltech.1 But he also had several 
attributes that recommended him. He had demonstrated his technical skills 
in the 1970s on synthetic aperture radar and proved himself an energetic en-
trepreneur in parlaying that work into the Shuttle Imaging Radar. Whereas 
Stone retained traces of the college teacher, Elachi was more of a salesman. 
As one JPL veteran put it, “When Elachi makes a presentation, it’s a pitch; 
when Stone makes a presentation, it’s a lecture.”2 The growth in fl ight instru-
ments for earth and space sciences owed much to Elachi’s leadership, and 
by 1995 lower levels viewed him as “a preeminent ‘marketeer’” and one of 
the “saviors of the lab.”3

Elachi did not lack ambition, but he tempered it with good-natured en-
thusiasm and an ever-present grin.4 Like Bruce Murray, he tried to have a 
long-term vision, but he also stayed hands-on with current projects, delving 
into technological details in a way that Ed Stone, who focused more on man-
agement and the external environment, had not.5 Elachi differed from Stone 
as well as from Murray in another respect: he felt no need to change JPL’s 
culture. This may have, in part, refl ected the questioning of faster- better-
cheaper after the Mars failures and the renewed appreciation for traditional 
modes of systems engineering. But it was also an indication of Elachi’s per-
sonal preference for slow evolution; if Stone was a cautious revolutionary, 
one might say Elachi was a daring conservative. Elachi would say: “A lot 
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of people talk that we need to change the culture. My attitude is, I love our 
culture. . . . I get very leery when people say, ‘we are going to change the 
culture.’ Culture doesn’t change easily, and I’m not sure it’s a good idea to 
change the culture.”6 A corollary of this was his attitude toward JPL’s em-
brace of corporate management philosophies, to which he had not exactly 
hidden his earlier opposition. In his fi rst address as director he announced 
diplomatically that the lab would reconsider its commitment to them.7

Elachi inherited an organization of just over 5,000 employees and a $1.2 
billion annual budget.8 Although Elachi, unlike Stone and Murray, had not 
been a Caltech professor, he still carried credibility on campus through his 
Caltech PhD and his many years of teaching the physics of remote sensing 
there. The campus response to the Mars failures had been remarkably re-
strained: in a sign of improved faculty appreciation for JPL since the 1970s, 
professors issued no calls for divestment or claims that JPL had sullied 
Caltech’s reputation.9 The Young report did not fault Caltech for the fail-
ures, but it did recommend that the institute provide more technical over-
sight. Baltimore duly created a visiting committee of Caltech faculty, outside 
scientists, and industry leaders with a mandate to get deeper into technical 
issues than the Caltech trustees, whose advice tended to focus on institutional 
and strategic issues. The new visiting committee included, not accidentally, 
several members of the Young panel.10

The visiting committee also provided Elachi some leverage against NASA, 
a way to push back in case NASA, as it had for the Mars missions, made 
unreasonable demands.11 JPL’s relation with NASA was further tempered by 
Goldin’s resignation in 2002; his replacement, Sean O’Keefe, had a budget and 
policy background (albeit also with a stint in the Pentagon) and suggested 
the possibility of stability after ten tumultuous years. Goldin, however, had 
appreciated the concept of contract operation and the presence of Caltech. In 
negotiations over a new contract for JPL in 2003, NASA raised the possibility 
of allowing other institutions to compete for the contract, apparently the fi rst 
serious consideration of taking JPL from Caltech, at least since the 1960s. 
The notion perhaps stemmed from similar suggestions for other federal labs, 
including Los Alamos; whatever the motivation, it signaled NASA’s intent 
to continue tightening accountability, refl ected in the new contract by more 
regulations. The general effect was to tilt the JPL-Caltech-NASA triangle 
further toward NASA.12

Elachi did extract a signifi cant concession from NASA in support for 
advanced technology. Despite Goldin’s desire to push new technology un-
der faster-better-cheaper, the programs set up to do so—known as New 
Millennium and X2000—had soon reverted to short-term problems instead 
of long-term development. Then in 1998 Congress demanded that NASA 
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contract more technology development to industry. The result: by 2001 JPL’s 
advanced technology funding was almost half what it had been in 1996, in 
constant dollars, and much of it went to short-term needs.13 The cutbacks 
compounded the shortfall stemming from JPL’s withdrawal from military 
programs—the Microdevices Lab, for example, now depended mostly on 
NASA funding—and discretionary funds could not compensate, since they 
amounted to a few million dollars each year, less than 1 percent of the bud-
get.14 Other federal and industrial labs enjoyed so-called institutional R&D 
of several percent each year, or tens of millions of dollars. Elachi managed to 
overcome objections within JPL to carving such funds out of indirect costs, 
as Lew Allen had tried and failed to do, and NASA readily agreed since it 
would not cost extra money. JPL hence had up to 3 percent, or $35 million, 
in institutional R&D.15

Elachi had been on the job a few months when terrorists attacked the 
United States on 11 September 2001. The lab shut down for two days and se-
curity thereafter tightened. Security had increased in previous years, owing to 
investigations of other federal labs—most notably Los Alamos, with the Wen 
Ho Lee case and later security breaches—and restrictions on international 
technology transfer, especially International Traffi c in Arms Regulations 
(ITAR).16 The terrorist attacks further cut off access to the lab, particularly 
for foreign nationals. JPL had a substantial presence of people of Middle 
Eastern ethnicity, starting with Elachi, who himself encountered pointed 
questions about his allegiance. But Elachi and other well-established fi gures 
met little outright discrimination. The effect fell instead on visitors, postdocs, 
and students, including those from Caltech, as new restrictions on foreign 
nationals in federal programs cast a chill across all of American science and 
technology.17

Another effect of 9/11 was to remobilize the lab for national security. 
JPL’s technologies for remote sensing and in-situ detection of trace chemical 
and biological elements clearly related to the war on terrorism. The renewed 
interest in national defense differed from the earlier remobilization of the 
late 1970s, which had been driven from the top down, from decisions taken 
by Murray and senior NASA leaders, and by institutional considerations of 
JPL’s survival. The post-9/11 response, rather, refl ected a spontaneous reac-
tion across a spectrum of individual lab workers, who immediately began 
proposing ways their work could contribute to national security. It also dif-
fered in its scale: instead of undertaking a number of large defense projects, 
JPL contributed through a number of small research programs, so that the 
fraction of the effort given to defense work did not rise above 5 percent.18

Another substantial event occurred in 2003: the disintegration of the 
space shuttle Columbia as it returned to Earth on 1 February. The accident 
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provided further indictment of faster-better-cheaper, which for the human 
spacefl ight program had meant schedule pressures and cuts in operations 
budgets—the sort of corner-cutting that doomed JPL’s Mars missions. The 
accident also revived the debate over human versus robotic exploration and 
led to a basic reconsideration of the policy that for thirty years had focused 
the space program on the shuttle and space station. Finally, an accident review 
board expressed pointed criticisms of NASA’s culture, especially an insulated 
management style that stifl ed dissenting technical views in bureaucratic pro-
cedures.19 JPL had already had its equivalent of Columbia in the Mars failures, 
and the Young report had expressed similar concerns about “circling the 
wagons” with regard to risk and a refusal to tell NASA bad news. Another 
criticism of the Columbia review board applied equally to JPL: the plague 
of PowerPoint presentations, which provided a mesmerizing appearance of 
competence while obscuring technical detail.20

Columbia raised the stakes for JPL’s next missions, which were already 
high after the Mars failures in 1999. Signs of a rebound had appeared in 2001, 
on Valentine’s Day, when JPL navigators helped the APL-designed Near-
Earth Asteroid Rendezvous maneuver into a landing on the asteroid Eros. 
The tricky landing, greatly complicated by the irregular gravitational fi eld 
of the odd-shaped body, began to restore the reputation of JPL’s naviga-
tors. Then Deep Space 1 fl ew by the comet Borrelly in September, capturing 
images of the comet nucleus and tail from 2,000 kilometers’ distance and 
proving the ion drive technology in the process.21 Meanwhile Mars Global 
Surveyor continued to return data, joined in early 2002 by Mars Odyssey, the 
one spacecraft launched during the 2001 opportunity. Odyssey’s successful 
encounter would begin the rebound of the Mars program. Its gamma ray 
spectrometer had been part of Mars Observer’s instrument suite; fi nally ar-
rived at the red planet, it detected substantial deposits of ice less than a meter 
below the surface and thus helped explain what might have happened to any 
ancient bodies of surface water.22

The true test of recovery, however, was the Mars Exploration Rovers 
(MER). A failure of MER might mean the end of the Mars program, and 
perhaps of JPL.23 MER served as a sort of test bed for the Young panel’s 
recommendations, and the panel followed up to make sure JPL adhered to 
them.24 The response encouraged perceptions of a retreat from faster- better-
cheaper, evident not only in the budget but in the size and complexity of the 
spacecraft. At 174 kilograms each, the new rovers, about the size of a golf 
cart, weighed seventeen times as much as Sojourner, and each carried a color 
camera, an infrared instrument, two spectrometers, a microscope, and a tool 
for grinding rocks.25 Instead of a small team in a skunk works, the large MER 
team—perhaps two or three times the size of Pathfi nder’s—was integrated 
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into the technical divisions in big-project mode.26 MER also represented a 
return to redundancy after the single-spacecraft approach of the 1980s and 
1990s.

But MER did not represent a complete rejection of faster-better-cheaper. 
Post-Pathfi nder plans, before the failures, had called for much larger rovers 
for the Mars 2001 mission, which were just carried over to MER. Although 
NASA did throw some money at MER, it was still perhaps one-fi fth the 
cost of Viking in constant dollars. And unlike, say, Mars Observer, it was not 
strung out for years under scientifi c and engineering refi nements; MER took 
three years from design to launch. Engineers and managers had long said of 
faster-better-cheaper: pick two.27 NASA did so, implicitly, for MER: it was 
faster and better—but not cheaper. In other words, MER sought a happy 
medium between the bloated mode of Mars Observer and Goldin’s dream 
of faster-better-cheaper. NASA manager Ed Weiler and JPL deputy director 
Larry Dumas both thought the Young report forced JPL to implement faster-
better-cheaper right.28 This middle way required merging the two approaches 
of faster-better-cheaper and traditional systems engineering—a not entirely 
smooth merger, as Pathfi nder and Cassini alumni clashed within MER.29

The Mars rovers—one named Spirit, the other Opportunity—planned to 
land in January 2004. As if to highlight the diffi culty, two other spacecraft 
failed at Mars in the preceding month: a Japanese orbiter sailed helplessly 
past the planet, and the European Beagle 2 lander disappeared without a 
peep.30 If JPL and NASA needed more pressure, President George W. Bush 
was planning a major new initiative to send humans to the moon and Mars. 
Intead of announcing it a month earlier, as expected, Bush and NASA were 
quietly waiting to see if the fi rst Mars rover landed successfully. People at 
JPL evidently did not know it, but if the Mars rovers failed it might scuttle 
the nation’s big plans for Mars.31

The science team picked the landing sites to maximize chances of fi nding 
signs of water at acceptable risk. Spirit would land in Gusev crater, which 
appeared to have held a lake in the distant past; Opportunity, on Meridiani 
Planum, a fl at plain with concentrations of hematite, a mineral often formed 
in liquid water. The sites needed a sizable landing zone, since MER returned 
to the airbag system after the failure of the retro-rocket system on Mars Polar 
Lander. Pathfi nder had proven the airbag concept, but MER would test it 
greatly by requiring the bags to cushion 540 kilograms instead of the 360 
kilograms of Pathfi nder.32

Spirit arrived at Mars fi rst, on 3 January 2004. As on Pathfi nder, MER 
engineers endured “six minutes from hell” as the spacecraft slowed from 5.4 
kilometers per second to zero in its entry, descent, and landing sequence. 
The spacecraft plunged into the Martian atmosphere, shed its heat shield 
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and deployed its parachute and then airbag, fi red small rockets to brake 
further and stop swinging, and then cut its tether to free-fall 15 meters to the 
ground. Flight controllers this time followed radio telemetry all the way to 
the ground but lost the signal for several minutes while the lander bounced 
and rolled inside the airbag. When the Deep Space Network fi nally locked 
onto a strong signal, the mission control room erupted in cheers. To top it 
off, Spirit had landed right side up, on an almost perfectly fl at surface, which 
allowed it to start sending back images just three hours after landing. The 
images set off another round of celebration, and at the post-landing press 
conference a jubilant Sean O’Keefe toasted the team with champagne and 
the words, “We’re back.” He meant it literally, back on Mars, but also fi gu-
ratively: after the disasters of Columbia and Mars in 1999, JPL and NASA 
were redeemed.33

Spirit’s landing also sparked public interest to levels reminiscent of Path-
fi nder, perhaps evident more on the Internet than in media coverage. In the 
fi rst four days after Spirit landed NASA Web sites logged 1.2 billion hits, 
and they received 4 billion by 24 January, the day that the second rover, Op-
portunity, was due to arrive.34 Just a few days earlier Spirit had fallen silent, 
and when it fi nally made contact again fl ight controllers found its computer 
rebooting repeatedly. Project manager Pete Theisinger judged it a “critical” 
threat to Spirit’s survival, and JPL seemed on the verge of losing half the 
mission before the other half even got there. The combination of the Spirit 
drama and the bandwagon effect heightened interest in Opportunity, and a 
host of media and VIPs descended on JPL.35 Opportunity rewarded them 
with another fl awless landing, within 24 kilometers of the aimpoint after a 
trip of 200 million kilometers, the inaccuracy due to uncertainty in the at-
mospheric density of Mars. Mission control again burst into cheers and a few 
tears, punctuated by waving brooms to signify a clean sweep. By that time 
engineers had stabilized Spirit and had a tentative diagnosis of its problems, 
and within a couple weeks JPL had two healthy rovers exploring Mars.36

The MER mission demonstrated the increasing gender and ethnic di-
versity of JPL, evident in project scientist Joy Crisp and in Spirit’s mission 
manager Jennifer Trosper, who had been a fl ight controller on Pathfi nder 
at the age of twenty-seven (see fi gure 19.1). MER also demonstrated the 
value of the Caltech connection: half of the ten top managers on MER were 
Caltech graduates.37 They included project manager Pete Theisinger, another 
stocky, mustached fi gure, who had worked on projects from Mariner in the 
late 1960s to Mars Global Surveyor before taking over the rovers, and who 
like Spear on Pathfi nder provided a gray-haired, experienced presence among 
the youngsters.38 Theisiniger had a pessimistic appreciation of risk, evident 
in his warnings even amid the post-landing celebrations, and his engineering 
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conservatism paid off. The other key ingredient, once again, was sheer hard 
work. The three-year development period made for sixty-hour weeks from 
the beginning, and as the launch dates approached MER engineers worked 
themselves beyond exhaustion. Success erased fatigue, but the effort required 
again raised the question, asked after Pathfi nder, whether JPL could expect 
such commitment on every mission.39

Despite the euphoria over the landings, MER’s mission was incomplete 
without science. That came soon enough. After several weeks of roving the 
science team had enough data to announce that Mars had once had extensive, 
shallow, standing bodies of salty water (see fi gure 19.2). The chemical and 
geological evidence provided ground truth for the earlier hints of water from 
orbital images and greatly increased hopes of fi nding life on Mars. Even as 
Spirit and Opportunity continued to rove kilometers across the Martian 
landscape, spurring John Updike to poetic speculation about them one day 
meeting, the MER mission could go down as a triumph.40

MER stole the spotlight from Stardust, which on 2 January passed 300 
kilometers from comet Wild-2, snapping the highest resolution images yet 
obtained of a comet core and, more important, catching samples of comet 
dust for return to Earth. Another sample return from space occurred in 
September 2004, although not exactly as planned. A helicopter over a Utah 
desert was supposed to snag a capsule from Genesis with samples of the solar 
wind, but the parachute failed to deploy and the capsule instead crashed into 
the desert fl oor at about 350 kilometers per hour and cracked open. The crash 
landing, later traced to a switch installed backwards, threatened to contami-
nate the precious samples, although scientists managed to salvage some intact. 
Genesis and Stardust thus provided the fi rst sample returns from space since 
Apollo. The Genesis crash suggested that JPL’s adaptation to faster-better-
cheaper continued to struggle, but Stardust’s subsequent successful landing 
in January 2006 provided some vindication, as well as important clues to 
comet formation.41

At the other end of the scale sat Cassini, which entered orbit at Saturn 
on 30 June 2004. Cassini’s arrival may have lacked the compressed drama of 
the Mars landings, but it had far higher stakes—four times the cost and much 
more time in development and in transit, and thus much harder to replace. 
From a weltering array of possible orbits, with science observations, viewing 
geometries, and telecommunications factored in with the orbital mechanics of 
Saturn and its satellites, fl ight planners had settled on seventy-four orbits of 
Saturn, including forty-four Titan fl ybys. Cassini promised to provide many 
more and closer looks than Voyager: its camera had fi ve times the resolution 
of Voyager’s, and Cassini carried a JPL-designed synthetic aperture radar to 
peer through Titan’s opaque atmosphere. At the end of 2004 the Huygens 
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probe, built by Europe, dove through Titan’s atmosphere. Together with the 
radar images, it provided evidence of methane rainfall and rivers of meth-
ane fl owing around icy ridges on the surface. The following year Cassini’s 
camera yielded striking images of geysers emanating from the south pole 
of Enceladus, another of Saturn’s moons. The icy plumes were apparently 
expelled through surface vents by an internal heat source, and the presence 
of water and heat made Enceladus another promising target in the search for 
life on other planets.42

NASA had intended Cassini to be the fi nal battlestar galactica, “the last 
of a class of ‘fl agship’ missions.”43 But Galileo had likewise been planned, in 
1983, as “the last of the elaborate old-style planetary expeditions.”44 Plans 
now emerged that made Cassini and Galileo look positively puny. The Pro-
metheus program aimed to develop a new nuclear-electric propulsion sys-
tem using an onboard nuclear reactor; early designs envisioned a spacecraft 
perhaps 30 meters long, several times the height and mass of Galileo. To 
direct this endeavor JPL brought out of retirement John Casani, avatar of 
old-school systems engineering.45 The increasing scale refl ected an admis-
sion by JPL and NASA that they could not do some missions, such as outer 

Figure 19.1. Times change. On the left, space fl ight operations in 1962, just before 
Ranger 5. Note the desktop hand calculators. On the right, space fl ight operations 
in 2004, after landing of Spirit rover on Mars. Left to right: Joel Krajewski, Jennifer 
Trosper, Chris Lewicki, Jason Willis. Source: JPL Photolab.
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planets or Mars rovers, smaller or cheaper; but that meant a range of ap-
proaches persisted.46

JPL’s program in earth science continued, but its consistent growth 
starting in the 1980s was leveling off and focusing on two main lines. Earth 
scientists were extending the synthetic aperture radar program into differ-
ential interferometry: high-resolution radar topography taken at different 
times (say, different orbital passes) could detect earth movement of a few 
centimeters, revealing earthquakes—or, even better, predicting them from a 
telltale bulge in a fault. In ocean science JPL hoped through remote sensing 
to track changes in the ocean and the coupling between the ocean and the 
atmosphere.47

As earth science leveled off, astronomy looked to grow. In April 2003 
JPL launched the Galaxy Evolution Explorer (GALEX), a collaboration 
with Caltech astronomer Christopher Martin that would study very early 
star formation. GALEX marked a new foray into ultraviolet astronomy, 
but the program otherwise had concentrated in two main lines: infrared 
astronomy and interferometry for extrasolar planet detection. For the fi rst, 
the Spitzer telescope, the infrared equivalent of the Hubble, launched on 25 
August 2003. At infrared wavelengths the Spitzer could see through inter-
stellar dust, track the possible formation of planetary systems in cool gas 
clouds, and see stars at a great distance—and hence a very early stage in the 
universe—whose light had red-shifted to longer wavelengths.48 For optical 
interferometry, JPL was planning an orbiting version of two linked telescopes 
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called the Space Interferometry Mission, whose precision in locating stars 
would allow it to detect wobbles in a star’s position caused by planets. JPL’s 
two main astronomy lines, infrared and interferometry, thus intersected in 
the extrasolar planet search, since dim planets would also show up at longer 
wavelengths. Together with the search for life on other bodies of our solar 
system, the prospect of fi nding earth-like planets around other stars offered 
JPL a chance at a transcendent discovery.

A possible major new direction, equally transcendent, was emerging in as-
trophysics and cosmology. As theory in high-energy physics far outstripped 
the energies available from particle accelerators, physicists early in the new 
century looked to space as the next source of experimental advance. JPL had 
several programs to build on, including tests with spacecraft radio signals of 
general relativity and gravity waves, and another planned orbiting interfer-
ometer called LISA (for Laser Interferometer Space Antenna), which would 
fl y three spacecraft in extremely precise formation to detect gravity waves 
free from Earth’s environmental noise. In addition to gravity waves, JPL 
helped research on cosmic background radiation, the electromagnetic vestige 
of the big bang: Caltech physicist Andrew Lange had fl own a submillimeter 
bolometer from the Microdevices Lab on a balloon-borne experiment and 
found evidence of small irregularities that suggested the universe has fl at 

Figure 19.2. Evidence of past liquid water on Mars: ball-bearing-sized 
“blueberries” of hematite, which usually forms in water, scattered around a 
drill mark from the Opportunity rover. Source: JPL Photolab.
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geometry—that is, that its mass counteracts its expansion just enough to 
prevent the universe from one day collapsing. That experiment, the journal 
Nature announced, opened “a new era of precision cosmology,” which JPL 
hoped to lead.49 The Caltech connection greatly helped here, too, by giving 
JPL access to campus astronomers and physicists like Lange. Just as JPL al-
lowed Caltech to do big science while staying small, Elachi noted that Caltech 
allowed JPL “to be involved in a small way in new areas which could become 
big things” without the need to hire cosmologists of its own.50

Astrophysics offered possible institutional as well as intellectual stimula-
tion, but JPL and Caltech were not the only institutions contemplating this 
avenue: physicists and astronomers at Berkeley and Stanford, for example, 
had the same idea. At the federal level, NASA would have to defi ne its re-
sponsibility against the traditional roles of the National Science Foundation 
in physics and astronomy and the Department of Energy in high-energy 
physics. For JPL itself, if it did pursue this line, it could mean a major reori-
entation, comparable perhaps to the shift from rockets to planetary spacecraft 
at the end of the 1950s. Although cosmology had some technological con-
nections to current work, as in detectors, it would introduce JPL to a much 
different scientifi c constituency. Planetary missions promised to remain the 
lab’s identity in the short term, but a major push into astrophysics and cos-
mology would bring large changes.51

By the middle of 2004 JPL looked stronger than ever, after the success 
of Spitzer and GALEX, Stardust, MER, and Cassini. As a symbol of JPL’s 
resiliency, the Voyager spacecraft, launched in 1977, had kept fl ying through 
the ups and downs of the 1990s. By 2004 Voyager 1 was about 14 billion 
kilometers from Earth, with Voyager 2 almost as distant, and both still were 
transmitting data to the Deep Space Network. At that range the two space-
craft were approaching the outer limits of the sun’s infl uence, and they would 
soon pass into interstellar space and begin the trip to other stars.52
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T W E N T Y

Conclusion

FROM 1976 TO 2001 JPL CONSUMED ABOUT $30 BILLION (IN CONSTANT 1999 
dollars) and consistently employed several thousand people, a fair fraction of 
them science and engineering PhDs. What did the government and the Ameri-
can people get for this investment? To people at JPL, the images from their 
spacecraft provided suffi cient, if not spectacular, returns. When asked the ques-
tion “why spend all that money?” Jurrie van der Woude borrowed a riff from 
Louis Armstrong: If you have to ask, I couldn’t tell you.1 But to elicit taxpayer 
money from the federal government, JPL would have to be more specifi c.

Investments and Returns

For much of its history JPL traded in the currency of the cold war, fi rst as 
an army rocket arsenal, then under NASA in the space race for international 
prestige. But the cold war itself proved insuffi cient to sustain JPL’s mission. 
The shortfall of the mid-1970s, amid détente, fi rst impelled JPL managers to 
seek another major sponsor, and even in the early 1980s, after the renewed 
chill in U.S.-Soviet relations, the Reagan administration considered abandon-
ing the planetary program altogether. Tied by the cold war to federal support, 
JPL suffered the vagaries of the political climate—that is, JPL managers could 
not just invoke the cold war or national security; they still had to generate 
political support for particular initiatives. Not for nothing did Congress 
defi ne NASA’s budget as “discretionary.”2

That meant JPL had to fi nd a constituency, whether in the planetary 
science community, the aerospace industry, or the interested public. But the 
several hundred or so planetary scientists produced barely a blip on  political 
radar screens, planetary spacecraft added only a pittance to the bottom line of 



Conclusion • 299

big aerospace corporations, and opinion polls revealed the American public’s 
consistent lack of interest. With no single clear constituency, allocation of 
resources to space exploration required negotiation among a tangle of stake-
holders. Planetary science itself contained subcommunities for comets, inner 
or outer planets, and so on, and disciplinary divides between geologists and 
space physicists; NASA’s space science program then unifi ed these groups 
against astronomers and earth scientists; the space science program contended 
with human exploration within NASA and with other sciences (such as high-
energy physics or molecular biology) within the federal government. All of 
these scientifi c and political decisions played out in the usual congressional 
maneuvers, including calculations involving the equally fractious aerospace 
industry. For example, comet scientists in the late 1970s debated the merits 
of different Halley missions, then squared off against Galileo and a Venus 
orbiter as well as two astronomy telescopes, while enduring shuttle over-
runs that ate into the space science budget and the general decline of NASA’s 
budget against military space programs.

A particular, persistent issue throughout this period was the relation 
between robotic and human exploration. Despite the scientifi c return and 
public interest in robotic missions, NASA’s top priority remained human 
exploration, through the shuttle and then the space station. Many problems 
in the robotic program, even ones seemingly unrelated to human spacefl ight, 
could be traced back to the space shuttle, including Galileo’s tortured history 
of delays. The failure to provide cheap launches encouraged more ambitious 
planetary missions; managers reasoned that with large sunk costs for each 
launch, they should maximize scientifi c return, in the sort of reasoning that 
produced Mars Observer. Perceived public demand for a human presence 
in space justifi ed NASA’s priorities, although some commentators, includ-
ing Bruce Murray, charged that NASA viewed the aerospace industry as 
its real constituency and therefore sought the biggest projects as jobs pro-
grams.3 NASA managers replied that space science received a fi xed portion of 
NASA’s budget, so that big human projects in fact boosted science funding. 
A rising tide did lift all boats—until the tide fell, as it did in the mid-1970s 
and again in the 1990s, and NASA found itself committed to costly human 
programs that drained money from robotic missions.4 Not all the problems 
of the planetary program stemmed from the shuttle, but it did have extensive 
impact, even far downstream of the original commitment to it in the early 
1970s. The Columbia accident of 2003 and subsequent turmoil are only the 
latest manifestation, but they also signaled a reconsideration of thirty years 
of policy. The resultant plan to send humans to the moon and then Mars, 
however, revived the threat to robotic exploration and suggested that the 
issue remained relevant.
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Another consequence of federal support was to subject the planetary 
program to the short-term focus of the American political system. Even 
programs declared a high national priority, such as Apollo, could not es-
cape persistent political scrutiny. A NASA manager conveyed the general 
mind-set to a JPL engineer: “Long-range planning? Ha! Are you kidding? 
Long-range planning is ‘what do we do this afternoon?’”5 Hence attempts 
to establish a long-term, low-cost exploration program, instead of proposing 
projects individually, foundered when Congress refused to yield discretion to 
NASA, which in turn concentrated risk in overloaded, infrequent missions. 
Technology programs with payoffs ten years or more down the road, such 
as microelectronics, microspacecraft, or new propulsion systems, likewise 
languished.

The national investment in JPL was substantial. But so were its accom-
plishments, which were not just the product of public relations machines or 
the prolifi c pens of popularizers like Carl Sagan. JPL launched spacecraft 
into the black of space, where they had to endure many years of temperature 
extremes, high radiation doses, and vacuum, with no hope of repairs save 
those possible over a tenuous radio link. Complex calculations of celestial 
mechanics delivered these spacecraft with pinpoint accuracy to their desti-
nation, where they commenced a ballet of imaging and other observations 
constrained by lighting angles, viewing geometries, and scientifi c interests, 
and the giant antennas of the Deep Space Network retrieved signals broadcast 
across billions of kilometers from spacecraft transmitters with the power 
of a refrigerator light bulb. These engineering achievements challenged the 
metaphorical abilities of people trying to chronicle them, as in the frequent 
analogies to transcontinental golf putts or billiard shots to describe spacecraft 
navigation accuracy.6

JPL spacecraft returned scientifi c data and images that revealed astonish-
ing complexity in other planets and their moons and dynamic phenomena, 
such as tectonics, volcanoes, and extreme weather systems, even in outer 
regions of the solar system previously thought cold and quiescent. These 
fi ndings rewrote planetary astronomy textbooks, replacing Earth-centric 
theories with ones recognizing planetary diversity. In exposing this diver-
sity JPL spacecraft affected more than science; they changed our view of 
our own planet and its place in the universe. If life exists on another planet, 
or an Earth-like planet around another star, JPL is humanity’s best bet to 
detect it; and if it does it will profoundly alter our view of the cosmos and 
of ourselves.

JPL’s actual and potential historical import encouraged participants and 
commentators to declare it the cockpit of a new Age of Discovery. JPL mis-
sions named Mariner, Voyager, and Magellan invoked an appeal that would 
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continue through MER’s journey “across sands of time and oceans of space,” 
as one headline rhapsodized.7 But this embrace of exploration did not much 
justify return visits for detailed science, and the dwindling list of unexplored 
sites in the solar system impelled a change in the justifi cation for deep-space 
missions. In addition to exploration, deep-space missions were intended to 
serve science, and for space scientists, just getting to new planets and sending 
back pictures was not enough. A subtle shift to scientifi c goals was evident 
in the choice of names for later missions, such as Galileo and Cassini. Then, 
despite projects like Magellan and Pathfi nder, more descriptive names began 
to appear, especially for Mars missions: Global Surveyor, Climate Orbiter, 
and Polar Lander. Romantic notions give way to practical realities in many 
long-term relationships.8

The debate over science and exploration returned to the constituency 
question (was it scientists or the public?) and went back to JPL’s fi rst mis-
sions—and even earlier, considering a similar interplay between scientifi c 
goals and exploration on eighteenth-century oceanic voyages or nineteenth-
century geological surveys.9 These earlier examples make clear that national 
governments rarely fund missions just for science. Although the space race 
pursued not so much imperial or colonial goals, but rather ones of national 
prestige and military relevance, science rode the coattails of other national 
interests. The difference between science and exploration showed up in hard-
ware: for example, a three-axis stabilized platform for imaging or spinning 
spacecraft for particles-and-fi elds experiments. Galileo’s dual-spin design, of 
1970s vintage, represented a compromise between the two sides but also per-
haps the high-water mark of the debate. The ever-higher resolution provided 
by spacecraft images, evident especially on Voyager, convinced scientists 
that pictures were not just for public relations but were an important part 
of the science too.10

A Fine Line

An irregular sine wave with a period of about fi ve years traces JPL’s fortunes 
over this period. It started with a low point circa 1977, with the impending 
post-Voyager bathtub and the fi ght to win Galileo; proceeded to the high 
of 1979 and the fi rst Voyager encounters, followed by the planetary crisis of 
the early 1980s; recovery by 1984 and the growth of defense programs; the 
lows after Challenger in 1986 and highs when launches resumed in 1989; the 
post–cold war malaise of the early 1990s, Galileo’s antenna problem, and the 
Mars Observer failure; the rebound owing to Galileo’s encounter, Pathfi nder, 
and Origins, and fi nally the funk following the Mars failures in 1999.

This curve may be coincidental, a space-age equivalent to the  Kondratiev 
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economic cycle, and the successes of 2004 might have broken the trend 
(though subsequent budget woes suggested the cycle could continue). But 
there may be an underlying cause for the lows that resulted from spacecraft 
failures: complacency. A successful mission or two could encourage JPL 
engineers to let down their guard and to forget about the one constant fea-
ture of deep-space missions: the exceedingly narrow margin between failure 
and success. Almost every successful planetary mission skated on very thin 
ice, from Voyager’s post-launch emergencies to Magellan’s lost heartbeat, 
Galileo’s stuck antenna, and Mars Global Surveyor’s broken wing. Failed 
missions highlighted the narrow margin, such as the units discrepancy on 
Mars Climate Orbiter or the faulty code that slipped through tests on Mars 
Polar Lander. Even defi ning failure or success proved problematic: NASA at 
fi rst viewed Seasat as a failure but soon came around to see it as a scientifi c 
and technical success.

What made the difference between success and failure? Some JPL staff 
believed the lab’s acronym stood for “Just Plain Luck.”11 Others attributed 
success to the quality of the people. Constant proclamations of superior 
competence fed perceptions of JPL’s arrogance (and perhaps betrayed some 
insecurity in the lab’s relation to Caltech). From the view of aerospace fi rms, 
JPL engineers could seem no smarter than their colleagues in industry, espe-
cially as companies matured and gained technical and managerial expertise; 
but the pipeline of Caltech graduates did help, and JPL perhaps boasted a 
richer mix of capabilities. A more important difference might have been 
JPL’s mission: the chance to lead the exploration of outer space attracted 
good people and motivated them to work very hard.12 Successful missions 
inspired an exceptional commitment from the project team, and concerns 
whether JPL could sustain such commitment faded as engineers geared up 
for the next neat mission.13 The supreme self-confi dence that some called ar-
rogance could be helpful, by generating a belief that any problem, however 
intractable, would yield to rational analysis and hard work.14

JPL benefi ted also from a culture of peer review, an unfettered airing of 
opinions no matter how critical. Spacecraft design reviews, in particular, pro-
vided a trial by fi re for people as well as for design concepts, forging stronger 
engineers and spacecraft. The association with Caltech perhaps contributed: 
JPL’s origins in and continued ties with an academic environment steeped it 
in the tradition of critical peer review, more so than the civil service NASA 
centers. This culture of tolerating and encouraging dissenting views did not 
always overcome normal human failings, and JPL did not escape the ac-
cidents that plagued NASA, such as the Challenger and Columbia shuttle 
tragedies. In particular, in the 1990s NASA applied increasing pressure on 
JPL to toe the agency line, while the lab itself embraced new management 
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initiatives promoting customer service and discouraging personal criticism. 
The resulting emphasis on presenting a positive image contributed to the 
Mars failures in 1999.

Diversifi cation

Another long-term trend helped damp the amplitude of the success-failure 
curve. Planetary exploration was JPL’s main mission in this period but not 
its only one, nor was it inevitable (after all, it was not the lab’s original mis-
sion). In the 1970s the lab diversifi ed into earth sciences and astronomy, fi elds 
within NASA’s purview, and these programs reduced the impact of periodic 
crises in the planetary program. JPL had also diversifi ed in direct response 
to earlier low points, fi rst into energy in the 1970s, then into defense; in each 
case JPL staff considered the potential for a major second mission or even for 
a dominant one. Each of these programs grew quickly and then dwindled, 
and neither became a long-term mission. But energy and defense work did 
have long-term effects, as new skills and tools provided fruitful interactions. 
Energy work, for example, involved solid-state research on photovoltaics, 
which then fed the microelectronics program under defense sponsorship, 
which in turn became a prime source of planetary technologies.

These diverse lines contributed greatly to JPL’s return on the national 
investment. In earth sciences, JPL spacecraft and instruments produced not 
only specifi c knowledge of such phenomena as the ozone hole and El Niño, 
but they also helped bring about the methodological embrace of remote 
sensing by geologists and oceanographers. In astronomy JPL built the two 
major orbital infrared observatories, IRAS and the Spitzer telescope, as well 
as the crucial camera that corrected the Hubble telescope’s faulty optics, and 
thus greatly expanded our vision of the universe. Outside NASA’s turf, JPL 
helped push the development of solar power, developed an array of micro-
electronic sensors with defense support, and played a little-recognized role 
in the emergence of the electronic battlefi eld. JPL’s contributions included 
technologies spun off from its planetary mission, such as synthetic aperture 
radar. Digital image processing in particular has found myriad applications 
ranging from medical radiology to fi ne-art photography.

Diversifi cation also had important effects on JPL itself. As a risk- aversion 
strategy common to large organizations, it enabled JPL to ride out threats 
to its primary product line. But it also fragmented the lab: instead of a single 
large planetary project defi ning and driving the program, engineers and 
managers were scattered among a welter of missions and instruments. Some 
of these projects, such as earth science and astronomy instruments, relied 
on spacecraft systems engineering, but others—solar power or  military 
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 command-and-control systems—appealed only to broad capabilities. Di-
versifi cation may thus have diluted JPL’s expertise and culture, which cen-
tered on the production of high-reliability spacecraft through the regime of 
systems engineering.15

Lab managers would consistently wonder whether diversifi cation was 
hurting the lab. Had JPL become a jack of all trades and master of none? In 
1988 Lew Allen asked: “Are we making a trade between diversity and focus? 
. . . The issue of focus was easy to satisfy when planetary programs were the 
main objective. On the other hand diversity helps us to survive. Historically, 
the best laboratories have been single-mission laboratories.”16 In 2001 JPL’s 
visiting committee was still pondering the issue: “Is JPL trying to do too 
much? [Or] does it need to fi nd a way to increase its core competencies to 
maintain a wider range of activities?”17

Questions of Identity

Diversifi cation affected another constant issue in this history: the triangular 
relationship among JPL, Caltech, and NASA. Work for outside sponsors, 
an option unavailable to NASA’s other civil service centers, increased the 
lab’s independence and helped tilt the triangle toward Caltech and JPL in the 
1970s and 1980s. It swung back toward NASA in the 1990s as JPL phased out 
non-NASA work. Other factors weighed on the balance: the personalities of 
the actors; JPL’s programmatic and administrative performance; and, most 
notably, the post–cold war tightening of the regulatory environment. All of 
these combined in the 1990s to reduce JPL’s autonomy, even as NASA touted 
the contractor model for its other centers. The common question—was it 
NASA’s JPL or Caltech’s JPL?—was increasingly answered for NASA, and 
the agency’s sensitivity on the subject likely derived from JPL’s exceptional 
status among the NASA centers. Similar university-run labs—for instance, 
the national labs under the Department of Energy—do not seem to have been 
so sensitive to this question of identity (although they certainly grappled with 
many other shared issues, especially accountability versus autonomy).18

The lab tried to maintain another sort of balance in its work, between the 
interests of scientists and those of engineers. As with other forms of mod-
ern science that entailed the construction of complex instruments, JPL’s job 
building spacecraft for scientifi c missions mingled scientists and engineers.19 
Despite the popular conception of “rocket science” and a tendency by media 
to call JPL staff “scientists,” engineers dominated.20 That, at least, was the 
view of scientists, who fi rst of all consistently bemoaned the poor status of 
science within JPL, where staff scientists had to spend too much time seeking 
funding and too little on their research. More broadly but as consistently, 
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planetary scientists—even those expressing appreciation for JPL’s engineer-
ing expertise—complained that engineering dictates trumped scientifi c goals 
on JPL missions. The purpose of these missions, after all, was science, and 
just delivering a mass of metal to a planet did no good if no interesting data 
came back. For their part, engineers seeking to ensure reliability could view 
scientists’ demands—can we add extra electromagnetic shielding for our in-
strument? can we cut off radio contact by swinging behind a moon?—as 
incremental threats to spacecraft survival. Neat experiments meant nothing 
if the spacecraft did not get there in the fi rst place.

Scientists could also constrain engineers in a different way, when engi-
neers were willing to risk failure in order to try out new technologies. For 
instance, scientifi c commitment to big platforms, in the interest of obtaining 
comprehensive data sets, confl icted with the microspacecraft movement, the 
sort of blue-sky technology engineers viewed as fun. JPL and NASA recog-
nized that new technology would pay dividends in the long run and hence 
gradually incorporated new technologies within fl ight projects, but NASA’s 
short-term focus generally excluded advanced technology development from 
JPL’s job description. The lab’s own frame of reference centered on launching 
the current project successfully; the common attitude of “the better is the 
enemy of the good” did not encourage innovation.21

This identity question, of science versus engineering, had a third axis, that 
of management. The question posed by the orange report in 1976 echoed 
throughout this period: were JPL staff primarily scientists, engineers, or 
managers? JPL’s accomplishments rested perhaps less on its ability to build 
hardware than on the regime of systems engineering, also known as systems 
management. The ambiguity of the term suggested the identity problem, and 
although there was no denying the importance of systems engineering, the 
proliferation of documentation and procedures it engendered led to fears that 
JPL was losing its technical skill and becoming a place of paper-shuffl ing job 
monitors.22 The trend toward industry contracts instead of in-house engineer-
ing exaggerated the issue, as did the lab’s standard career path for scientists 
and engineers, which led upward into management (although some shunned 
this track in order to keep their hands on research). Persistent questions about 
the source of JPL’s capability—was it managerial or technical?—also affected 
relations with Caltech, since campus expertise was strictly technical.

Much of the literature in the history of science and technology focuses on 
scientists and engineers, to the neglect of managers.23 Management deserves 
more attention. Not confi ned to JPL or the space program, it applies to big 
science more widely—that is, to research involving large, expensive instru-
ments whose development requires coordination of large teams of scientists 
and engineers. Two examples suggest that JPL and the space program were 
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more attuned to issues of management. The gravity-wave detector known 
as LIGO, a collaboration between Caltech and MIT, attempted in the 1980s 
to impose management discipline on squabbling academic physicists and 
brought in Frank Schutz from JPL as project manager; he quit a few years 
later and returned to JPL, frustrated by the physicists’ inability to recognize 
that project management was not the same thing as research.24 In high-energy 
physics, when the ill-fated Superconducting Super Collider sought a project 
manager in 1990, the search committee looked fi rst not to high-energy physi-
cists or to accelerator engineers, but instead to the civil and military space 
programs—and their top candidate was John Casani from JPL.25

JPL and NASA did not always share this appreciation for systems engi-
neering. The Discovery program in the 1990s inverted the usual relation be-
tween scientists and managers. Instead of placing the project manager above 
the project scientist, Discovery missions had the scientist on top, thus ignor-
ing a central lesson of the space program: that management was a separate 
discipline, one distinct from scientifi c expertise and acquired only through 
long experience. When some of these missions got into trouble during de-
velopment, JPL managers blamed overindulgent scientists.26 The failures at 
Mars in 1999 were similarly attributed to departures from the discipline of 
systems engineering.

The subject of management carries connotations of bureaucratic pro-
cedure and organization charts, which might explain the relative lack of 
scholarly attention. But management approaches ultimately refl ected per-
sonal philosophies, from consensus-builders like Ed Stone to the leg break-
ers like John Casani, from the compassionate empowerment envisioned by 
reengineering to the autocratic rigor of systems engineering. Individuals 
make a difference. In particular, JPL directors stamped the lab with their 
personalities: the visionary, activist Murray; the measured gravitas of Lew 
Allen; the conservative revolutionary Stone, seeking cultural change through 
cautious consideration; the enthusiastic planning and marketing of Elachi. 
Each director’s character determined his response to a crisis: budget cuts led 
Murray to look outward, to change the environment through public relations 
and political lobbying, whereas Stone looked inward and tried to change 
JPL. Allen, faced with Challenger, looked sideways, identifying advanced 
technology as a new primary mission for the lab.

Each director’s approach affected the delicate balance among JPL, Caltech, 
and NASA. In particular, Murray was criticized by NASA for pushing back 
too much, yet Stone was criticized at JPL for not pushing back enough. Each 
man was perhaps justifi ed: Murray antagonized NASA, but his activism 
helped save the planetary program; Stone sacrifi ced JPL’s independence, but 
he stayed in NASA’s high esteem and pulled JPL through a programmatic 
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crisis. Each approach refl ected not only the director’s personality, but also 
the context—especially Stone’s sense that the end of the cold war demanded 
fundamental changes, and also his need to deal with Dan Goldin. (Matching 
Murray with Goldin might have made for spontaneous combustion.) And 
Murray and Stone were united in their fi xation on change, on JPL’s need 
to adapt to new circumstances—although they differed in their approach, 
Murray sweeping into action, Stone advancing cautiously. Lew Allen, for 
his part, sailed a straighter course, one in between Murray’s and Stone’s ap-
proaches to NASA; his name carried enough weight in space policy circles 
to ensure JPL’s independence, but as a former military man he knew when 
to accept orders from above—as in JPL’s agreement to work on the space 
station, which Allen personally opposed.27

Strong leadership can benefi t large laboratories in general, but the director 
was particularly important for JPL because of its centralized bureaucracy and 
the lack of programmatic direction from Caltech administrators or trustees.28 
Directors had to learn to work the throttle. Bruce Murray, for example, came 
accustomed to throwing out ideas as if he were in an academic seminar. “He 
tried that same stuff at JPL,” said John Casani, “the next day there were fi fty 
people working on it. He didn’t mean for that to happen; he just wanted 
someone to tell him what a dumb idea it was.”29 Yet as a large organization 
JPL had institutional inertia; the daily work continued at lower levels through 
leadership changes, and group supervisors could claim that their level—the 
lowest level of management—was the most important, as scientists and engi-
neers in small groups were the ultimate source of new ideas and the starting 
point on the path from lab bench to launch pad.30

The End of the Cold War

JPL, NASA, and planetary scientists looked on two levels for a post–cold war 
rationale. The Origins program represented an attempt to look beyond goals 
of national security to fundamental questions concerning all humankind: 
What were the origins of life and the cosmos? Are we alone in the universe? 
But underneath these transcendent goals lay more mundane motives, though 
no less comprehensive, namely, economic competitiveness. Appeals to the 
economic impact of space missions tried to tap the large majority of the 
American public, which had little interest in space but much interest in their 
job prospects. The new economic orientation appeared in JPL’s redoubled 
emphasis on technology transfer; an increasing role for the aerospace industry 
through the partnering policy; and renewed appreciation for outreach, fo-
cused now especially on children, not current taxpayers, as a way to increase 
the future labor supply of scientists and engineers.
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The commercialization of JPL extended to its practice, to the means as 
well as the ends of the space program. Total Quality Management and re-
engineering applied techniques from for-profi t manufacturing industry to 
advanced research and development, and faster-better-cheaper tried to instill 
commercial cost consciousness. Increasing government oversight meanwhile 
required JPL to comply with federal regulations developed primarily for 
industrial contractors, and thus forced JPL to adopt corporate business op-
erations, including the appointment of a chief fi nancial offi cer. Chief scientist 
Moustafa Chahine spoke of a cultural shift in the 1990s, from a university-
type culture to an industrial environment.31

JPL had always nurtured an entrepreneurial spirit, apparent in references 
to “marketing” of proposals and jokes about “branding” with the Mariner 
Mark II series, seeking to capitalize on the Mariner name without really using 
its technological inheritance.32 But appeals to “business models” multiplied in 
the 1990s, together with more concrete expressions of commercial enterprise 
in Caltech’s increased licensing activity and the policy encouraging spin-off 
companies to cash in on JPL technologies. The use of an economic market 
system instead of centralized allocation of resources on Cassini exemplifi ed 
the trend.

The commercial spirit threatened to upset the pattern of federal R&D 
funding, based on government contracts, that had predominated through the 
cold war. In 2002 NASA considered setting up its own venture capital fi rm 
to fund new technologies, on the model of the CIA’s Incutel, established in 
1999; instead of contracting for research, the venture-capital model hoped 
to tap fast-evolving elements of the private sector—“to try and ride some 
of these commercial waves that could be of benefi t to NASA.” Neither rec-
ognized legislative obstacles nor the end of the go-go business years of the 
1990s dimmed NASA’s hopes of catching the venture capital wave.33

But however much JPL staff embraced industrial approaches and talked 
of marketing or branding, the lab differed from industry in two crucial re-
spects. First, it was owned and funded by the government. A government 
entity cannot operate like a business because it is not trying to turn a profi t 
and must be politically accountable; whereas business managers can focus on 
tasks, government managers must focus on constraints, such as in allocation 
of revenues or defi nition of goals.34 One of the reasons the CIA set up Incutel 
was to get around vexing federal contract and procurement regulations; and 
JPL’s attempts at technology transfer were limited by NASA fears of private 
profi teering from taxpayer-supported research. Second, the raison d’être for 
government-owned labs, such as JPL, was to undertake high-risk, long-range 
R&D projects that industry could not or would not do. Despite the short-
term focus of the federal government, JPL trained its eye on the cutting edge 
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and beyond, not on the bottom line for shareholders. For these two reasons, 
attempts to apply industrial models to JPL were handicapped from the start, 
as were efforts to draw management lessons for industry from JPL.35

Civil Space Programs and the Military

The end of the cold war did not mean an end to its infl uence. Although 
competition with the Soviets no longer served as a justifi cation for the space 
program, the cold war continued to make itself felt in the integration of 
military with civilian space programs. That is, there are two basic historical 
developments to consider: the renewed militarization of space starting in 
the late 1970s and the end of the cold war. The one determined the response 
to the other. In 1995 Ed Stone noted, “The end of the Cold War race has 
exposed more fundamental changes that had occurred several years earlier 
but until recently could be ignored”—namely, the “rapid growth of the non-
NASA space program, so that for the last 10 years or so, NASA and the 
nation’s space program are no longer synonymous.” Some of this growth 
came from communications and weather satellites, but most of it came from 
the military.36

The military is the elephant in the living room of the U.S. space pro-
gram; its presence is inescapable, however much public policy seems not to 
acknowledge it. JPL’s remilitarization in the 1980s refl ected that of the space 
program in general and left a signifi cant legacy: in the Microdevices Lab, 
the microspacecraft program, and a cadre of managers who gained valuable 
experience on military projects and particular exposure to military manage-
ment modes on such projects as SDI Pathfi nder and MSTI. More broadly, 
the fl ood of military labs, technologies, people, and management techniques 
into civil space after the cold war—in particular, those that came out of the 
Strategic Defense Initiative—drove the shift to faster-better-cheaper. NASA 
for decades had sought a coherent, long-term program of cheap, frequent, 
focused missions, going back to the low-cost systems offi ce of the 1970s and 
then the SSEC plan of the 1980s. Each time a variety of forces had combined 
to sink low-cost plans: scientists piling on too many mission goals, NASA 
managers indulging scientists to gain political support, launch vehicle capa-
bilities (notably the shuttle program), and JPL’s own engineering culture. 
Faster-better-cheaper differed in its post–cold war context of budget cuts 
and a NASA administrator committed to a new approach, but especially in 
its foundations in military space programs from the 1980s.

There is an analogy here to the 1960s, when NASA borrowed personnel 
and techniques from the air force to prosecute Apollo, and the 1990s, when 
NASA drew on military technologies, techniques, and models to implement 



310 • Conclusion

faster-better-cheaper. The analogy extends from NASA to JPL itself, which 
started as a military lab; its development of systems engineering in the 1960s 
drew on previous experience for the army much like its programs thirty years 
later built on the 1980s remobilization. It became increasingly diffi cult in this 
period to distinguish the civil and military space programs. Institutionally, 
civilian labs like JPL undertook defense work and then military labs, such as 
APL and Livermore, began competing for NASA projects; industrial con-
tractors like Lockheed-Martin built both military and NASA spacecraft. A 
bustling traffi c in managers also ran between NASA and military programs in 
the 1980s and continued into the 1990s and beyond. To take just one example, 
in 1991 NASA picked SDI technology manager Michael Griffi n to head its 
exploration offi ce—and Griffi n had worked at JPL before joining SDI. After 
stints in industry, leading the CIA’s Incutel, and as director of APL’s Space 
Department, Griffi n ended up as head of NASA in 2005.37

Many technologies also straddled the boundary. SDI projects applied JPL 
expertise to military purposes while JPL engineers used SDI products and 
funding for civilian missions. Work on autonomous spacecraft served both 
deep-space and military missions: a microstep actuator for spacecraft scan 
platforms and cryogenic infrared sensors for astronomy and earth science 
jibed with experiments for ballistic missile defense; synthetic aperture radar, 
developed by the military and then adapted by JPL for Venus and oceanog-
raphy, helped detect submarines and stealth airplanes. JPL contributed not 
just hardware but also software and systems engineering skills, as in its work 
on C3I and the electronic battlefi eld.

The history of JPL might represent a broader, long-term trend for civil-
military relations in the American space program. The trend follows the 
contours of the cold war: the initial integration or even identifi cation of 
civil and military programs in the 1950s continued into the 1960s; a gradual 
divergence culminated in the mid-1970s; and renewed integration started in 
the late 1970s that continued beyond 1991, albeit with military programs now 
directed toward civilian ends. Historical literature tends to see the integration 
of planetary science and national security as harmful, but it could help, too, 
in overcoming a general lack of civilian support for advanced technology and 
in making connections to classifi ed programs, albeit at the cost of subjecting 
science to military infl uence and vagaries in federal support.38

The militarization of space entailed not the wholesale capture of civil 
space programs by the military, but rather mutual interactions between the 
two. For instance, a NASA aide who had helped draft presidential directives 
for joint civil-military satellites in the Carter administration, amid remili-
tarization, hoped that defense connections would not only ensure budget 
support, but also provide a way to infl uence the military: “the ‘civilizing’ 



Conclusion • 311

of our Defense establishments must begin from within.”39 JPL did not just 
respond to military requests but rather contributed to defense in some cases 
precisely because of its civilian orientation, as with synthetic aperture radar. 
In other cases, however, JPL’s technological approach, grounded in the civil 
program, ran up against military tendencies—for instance, on SDI Path-
fi nder, where JPL pushed ultraviolet detection of missile exhaust, based on 
its experience with CCDs, against the military’s ingrained preference for 
infrared sensors.

The genealogy of space technologies, like that of human populations, 
has grown increasingly entangled over time, precluding easy classifi cation 
(in both senses of the term).40 The relevance of space technology to national 
security, however, forced the federal government to make a hard distinction 
between secret and open technologies, no matter how blurry the boundary. 
How well did information cross the barrier of classifi cation? At the top level, 
the NASA administrator was plugged into the black world, as was the JPL 
director either through advisory panels or personal experience. But what 
about at the operational level, for engineers designing specifi c spacecraft 
components? We have seen the worries of JPL managers about their igno-
rance of classifi ed technologies, such as synthetic aperture radar and digital 
image processing, corroborated by comments from the military side. JPL’s 
subsequent integration into military space programs increased its access; 
hence, for example, Seasat helped connect synthetic aperture radar engineers 
to military programs, and spacecraft engineers tapped military programs on 
instrument tracking and pointing in the 1980s.

A disconnect nevertheless persisted. In August 1993 a NASA panel, 
chaired by Allen and including members from the defense and reconnais-
sance communities, reviewed JPL’s Pluto mission and a Goddard project. “A 
major purpose” of the panel was to ask if NASA missions “were adequately 
aware of emerging technology in other organizations, . . . including classifi ed 
programs.” It had no clear answer: JPL’s Pluto team had drawn on military 
technologies, “but our reviewers were able to note technologies which the 
teams had not uncovered. . . . The classifi ed programs are often diffi cult to 
penetrate although the relevant technologies can often be exchanged in an 
unclassifi ed manner.” The panel urged NASA to improve “mechanisms for 
exchange” with classifi ed programs and specifi ed in particular a “dialogue” 
with the National Reconnaissance Offi ce (NRO).41

JPL followed this advice in the 1990s. Without the programmatic pres-
sure to pursue big projects, and perhaps aided by declassifi cation of certain 
programs under the NRO, JPL solidifi ed its ties to the military even as 
it shrunk its defense effort. That at least was the judgment of Philip Eck-
man, who had returned from the CIA to JPL as liaison with military and 
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 intelligence agencies: “Our DoD relationship really began to grow in the ’90s 
and then sort of fl owered a little bit when . . . we developed formal relation-
ships between JPL and the NRO and other parts of the DoD community.”42 
At the programmatic level, JPL continued to work with the military in such 
areas as synthetic aperture radar, infrared cryogenic coolers, and C3I systems, 
while the top of JPL remained plugged into the black world through Stone’s 
service on military and intelligence advisory committees.43 In 2000 Stone 
and Barbara Wilson, head of JPL’s microelectronics program (and later chief 
technologist for the air force), met with the director of the Ballistic Mis-
sile Defense Organization to discuss several products of the Microdevices 
Lab—the active pixel sensor, infrared sensors, a micro-machined gyroscope, 
and others—that would strengthen the partnership.44 A few years earlier 
Eckman briefed the head of R&D for the NRO, Bob Pattishall, on thirteen 
JPL technologies. When asked which might interest him, Pattishall replied, 
“I want them all!”45

But there is no evidence that JPL received similar briefi ngs in return from 
the NRO. If there was a pipeline between the black and open worlds, clas-
sifi cation imposed a one-way valve. And however much the civil and military 
realms interacted, there remained basic distinctions between them. Murray 
and Allen referred to “cultural” differences between JPL and military, as did 
the Clementine review panel. Although JPL fi rst matured under the army, by 
the late 1970s two decades under NASA had accustomed it to a civilian mis-
sion. Although the means of civilian and military programs overlapped, the 
ends fundamentally diverged: one pursued science and exploration; the other, 
spying and armed combat. Scholars of civil-military relations have noted that 
the cold war blurred but did not erase cultural distinctions between civilians 
and soldiers, and that the end of the cold war has exaggerated them.46

The encounter of two cultures can produce fruitful mutual interactions, 
such as appear in synthetic aperture radar, and change both cultures in a 
dynamic process. But one must also consider the relative power of the two 
cultures: in the 1980s the military space program was twice the size of NASA, 
not including the vast intelligence programs, and secrecy reinforced this out-
sized presence. The difference in cultures fi rst limited JPL’s penetration of 
military programs in the 1980s and then affected its reception of faster-better-
cheaper. Barriers to integration were not all the result of cultural differences; 
some stemmed from JPL’s “not-invented-here” philosophy of self-reliance, 
some from the usual bureaucratic fence-building of government agencies. 
And the military itself was of course not monolithic. In addition to the usual 
interservice rivalries, there were differences between the military services 
under the Department of Defense and the intelligence community of the 
CIA, NRO, and National Security Agency.47 But the reception of faster-
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better-cheaper, in particular, suggested a cultural divide between civil and 
military space in levels of public scrutiny and attitudes toward risk. JPL and 
NASA operated not in the shadows of secrecy, but rather in the bright light, 
where failures were spotlighted.

Whither JPL?

Since its origins in the 1930s JPL has survived in part by adapting, by shifting 
from a small academic rocketry research project to an army rocket arsenal and 
then to a civilian space-exploration lab with increasingly diverse programs. 
It has remained in business through the end of the cold war because of the 
national services it provides—to science, exploration, defense, and indus-
try—and also because of political support for a large Southern California en-
terprise. But the periodic crises in the past indicate that there is no guarantee 
that it will continue to survive or that it need not adapt again. JPL persists 
above all because it has produced results, whatever its mission. Whether lab 
staff keep building planetary spacecraft, fi nd a new focus in astrophysics and 
cosmology, or perhaps change course altogether, they will no doubt continue 
to adhere to the common saying around JPL that “the lab is one failure away 
from closing, and one transistor away from failure.”

The Ranger failures of the 1960s forged a new regime in the heat of public 
investigation. The Mars missions in 1999 showed that however different the 
context, the American public insisted on success, and JPL hence renewed 
its commitment to ensure accountability and reduce risk. The post–cold 
war environment has thus perpetuated the lab’s balancing act between ac-
countability and autonomy, between demands for success and the audacious 
enterprise of deep-space exploration.
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Abbreviations Used in Notes

AW&ST = Aviation Week and Space Technology
CIT = California Institute of Technology
EC = JPL Executive Council
HSPS = Historical Studies in the Physical and Biological Sciences
Jet Propulsion Lab Archives, Pasadena, Calif.

JPL 8 = Bruce Murray fi les, 1971–82
JPL 92 = James Cutts fi les
JPL 105 = Charles Kohlhase fi les
JPL 110 = Arroyo Center collection
JPL 119 = Jack James fi les
JPL 142 = JPL Offi ce of the Director fi les, 1959–82
JPL 150 = JPL Executive Council fi les, 1960–82
JPL 163 = John Casani fi les
JPL 165 = JPL Executive Council fi les, 1987–98
JPL 173 = Harris Schurmeier fi les
JPL 198 = Lew Allen fi les
JPL 216 = Bruce Murray fi les, 1975–82
JPL 239 = Duane Dipprey fi les
JPL 259 = Edward Stone fi les
JPL-HC = JPL Historical Collection

JPL = Jet Propulsion Lab
JPL A/V = JPL Audiovisual Collection
Koppes = Clayton R. Koppes, JPL and the American space program: A history of the Jet 
Propulsion Laboratory (New Haven, 1982)
NASA History Offi ce, NASA headquarters, Washington, D.C.

NASA-Cassini = Cassini project fi le
NASA-Clementine = Clementine project fi les
NASA-CRAF = Comet Rendezvous and Asteroid Flyby project fi les
NASA-Discovery = Discovery project fi les



NASA-IRAS = Infrared Astronomical Satellite fi les
NASA-JPL = JPL fi les
NASA-Magellan = Magellan project fi les
NASA-MO = Mars Observer project fi les
NASA-OSS = Offi ce of Space Science fi les (unorganized)
NASA-Seasat = Seasat project fi les
NASA-SIRTF = Space Infrared Telescope Facility (Spitzer Telescope) project fi les

NASM = Space History Offi ce, National Air and Space Museum, Washington, D.C.
POP = JPL Program Operating Plan
SSEEC = JPL Solar System Exploration Executive Committee
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