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To Sonja  
a polestar, as always  
and Lydia, Molly, Karlie, Ashley, Lindsey, Colten, Julie, and Ivy  
a new constellation in the heavens




An age will come after many years when the Ocean will loose the chains of things, and a huge land lie revealed; when Tethys will disclose new worlds and Thule no more be the ultimate.

 

—Seneca, Medea (ca. AD 40)

 

 

Throw back the portals which have been closed since the world’s beginning at the dawn of time. There yet remain for you new lands, ample realms, unknown peoples; they wait yet, I say, to be discovered.

 

—Richard Hakluyt, The Principal Navigations,
 Voyages, Traffiques, and Discoveries of the English Nation (1587)

 

 

Come, my friends, ’Tis not too late to seek a newer world.

 

—Alfred Tennyson, “Ulysses” (1842)

 

 

There are no more unknown lands; the new frontiers for adventure are the ocean floors and limitless space.

 

—J. Tuzo Wilson, I.G.Y.: The Year of the New Moons (1961)




Mission Statement: Voyager of Discovery

On August 20 and September 5, 1977, two spacecraft, Voyager 2 and Voyager 1, respectively, lifted off atop Titan/ Centaur rockets from Cape Canaveral, Florida, to begin a Grand Tour of the outer planets. Some 33 years and 21 billion kilometers later, having surveyed Jupiter, Saturn, Uranus, Neptune, their moons, and the interplanetary medium, and sent back enough digital information to fill a Library of Congress, they find themselves within the diaphanous heliosheath that divides the Sun from the stars. They have sufficient power for another ten years of operation, and racing at 440 million kilometers a year, that should grant them enough stamina to sail beyond the reach of the solar gases altogether and enter the interstellar winds before they expire.

The Voyager mission culminated what many of its contemporaries have come to regard as a golden age of American planetary exploration and what the future may well identify as the grand gesture of a Third Great Age of Discovery, the most recent revival of geographic journeying and questing in a chronicle that, for Western civilization, traces back to the fifteenth century. Yet what it has done for geography, the Voyager mission also does for history: the saga of the Voyagers’ trek is carrying the inherited narrative of exploration to its outer limits, and perhaps beyond.
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The countdown for the Grand Tour began twenty years earlier when, within the context of the International Geophysical Year (IGY), the Soviet Union lofted Sputnik 1 into orbit on October 4, 1957. The feat caused a sensation. Orbiting every ninety minutes, it sent out a beep that broadcast both triumph and taunt. The United States failed in its counter-launch of Vanguard 1 before succeeding with Explorer 1, on January 31, 1958. Thereafter, the two rival superpowers of the cold war began a long volley of launches that extended their geopolitical rivalry beyond the confines of scientific competition and the gravitational reach of Earth, and that, whether they intended the outcome or not, helped birth a new epoch of geographic exploration. Modern rockets had breached an ancient barrier to beyond.

From 1962 to 1978 America launched a flotilla of spacecraft—Pioneer, Mariner, Viking, and Voyager—to orbit the inner planets and survey the outer ones. In an outburst comparable to that of the sixteenth-century Portuguese marinheiros into and across the Indian Ocean or the eruption of eighteenth-century circumnavigators into the Pacific, American spacecraft would visit all the major bodies of the solar system save Pluto. But even as Voyager was wending through the asteroid belt, the institutional apparatus that launched it was collapsing. Less than a year after Voyager 1 launched, the Pioneer Venus Orbiter fired off, and then, for eleven years, no other American spacecraft trekked beyond the bonds of Earth. Throughout those years the Voyagers defined the American planetary program.

For some participants, those years bracket the acme of American space exploration. For others, the borders of a golden age are more elastic, reaching back to Explorer 1 or even to the lonely experiments of Robert Goddard and extending onward to the recent journey of Cassini to Saturn and the brave sojourn of New Horizons to extraplanetary Pluto and the Kuiper Belt. Others scorn so American an emphasis and insist that the circle include such visionaries as Hermann Oberth and Konstantin Tsiolkovsky, the relentless outpouring of Soviet spacecraft, the proliferating efforts of the European Space Agency, and the satellites of Japan, India, and China, all of which expand the scope of the undertaking. For a few observers—the  most visionary or fanciful—the epic begins in evolutionary mists, when marine life first crawled onto land, or when early Homo of an unquenchable curiosity acquired fire; and for such prophets, the tale can end only when humanity, perhaps genetically self-engineered beyond recognition, wanders outside the solar system altogether.1

But all seem to agree that what lifted off from launchpads at Tyuratam and Cape Canaveral was something both novel and inevitable, and that it portended a fabulous new era of discovery, a journey beyond anything humanity had known before. In the past, geopolitics had repeatedly projected rivalries internal to Europe outward onto a wider world. With the launches of Sputnik and Explorer the cold war prepared to do the same, and this time the competition would transcend Earth itself. It would reach beyond sordid politics and the blinkered ambitions of its originating time and place. Those who meditated on the launches believed they were witnessing a transit of history that would define the dimensions of human time, like the transit of a planet across the Sun that demarked the dimensions of space. They did not know what lay beyond, or how they might reach it, only that they were determined to go.

 

After the launch of Explorer 1 in 1958, a press conference led to one of the canonical images of the ensuing space age, as three men—Wernher von Braun, James Van Allen, and William Pickering—hefted a mock-up of Explorer 1 over their heads. That tableau made visible the competition that drove the launches, a cold war that refused to be bound by Earth and carried its geopolitical jousting into space. But there, too, in the personality of each man and the cultural ambitions he represented, were the internal rivalries, both institutional and intellectual, behind the launch. Each man stood for a competing vision of what space might represent.

Wernher von Braun was in the tableau because he had overseen the development of the rocket that launched Explorer 1, and was the most prominent advocate for space as an arena for extraterrestrial colonization. He represented a tradition that identified far journeying with human settlement; he promised, in particular, to project the American experience outward to the Moon, then to Mars, and  ultimately beyond. The von Braun narrative was one in which explorers were simply the vanguard of colonizers. It built on a heritage of European expansion since the Crusades.

James Van Allen was there because he had developed the instrument package for the satellite, and he became a public voice for space as a new laboratory for science. He stood for a tradition of systematic inquiry that had happily looked beyond Earth since the pre-Socratics, one that Galileo had refurbished and bonded to modern science with his invention of the telescope and, through that instrument, his questioning of the Ptolemaic model of the solar system. Rockets promised to take proxies of scientists—robots with instruments—beyond the limits of earthbound telescopes. The Van Allen narrative was one of an ever-searching science, always pushing against the limits of what was possible to know, an inquiry that had easily allied itself with geographic exploration.

The third man was William Pickering, then director of the Jet Propulsion Laboratory, the institution responsible for getting rocket and satellite together and on trajectory, and he would argue that Explorer 1, as its name indicated, was a vehicle for interplanetary discovery. Its larger purpose was to continue an erstwhile legacy of exploration—one certainly outfitted with the instruments of modern science, and one that would likely lead someday to outposts staffed with humans, if not to outright colonization. But sending robotic spacecraft was in and of itself a worthy exercise in an honored tradition of exploring. Of course that sentiment was never alone sufficient to justify such costly enterprises, which had to acquire other ends as well; but ultimately America should explore because that is what America had always done and what made America what it is. The Pickering narrative was one organized around half a millennium of geographic discovery by Western civilization and its rambunctious offspring, not least the United States.

All three visions shaped the evolving American space program, although each sought to point it in a different direction. Von Braun looked to the Moon and Mars, both potential sites for settlement. Van Allen sought to place instruments beyond the obscuring atmosphere, whether in wide Earth orbit or through interplanetary space.  Pickering ( JPL) wished to send spacecraft to other planetary worlds; the journey itself was a medium for the message; the enterprise was, literally, a voyage of discovery. When money was flush, all three ambitions could claim more or less what they wanted. But when money became tight, the program had to choose among them; and while some tasks could overlap—the visions were not mutually exclusive—not every project or launch could satisfy each ambition equally, and consensus could fray and unravel.

This internal competition, separate from any geopolitical rivalry, was not solely about money. It was also about meaning; it was about what the Voyagers might do, what they signified, and why we should care. Explorer 1 could hold the space clans together, for each party could project into future launches what it hoped would happen. But that was possible because Explorer 1 first raised the curtain; twenty years later it was not possible to stage from a collective script. The forced unity among contestants could no longer heft a common project. In reality, one purpose or another would tend to dominate.

Voyager chose the journey; or rather, it passed through all of the purposes, as it did regions of the solar system. It began as part of cold war saber rattling little distinguishable from geopolitics, or at least the squabbling for spheres of influence if not outright imperialism that had so shaped the history of both the United States and the USSR. But in bypassing the Moon and Mars, Voyager left that purpose behind. It then became more purely science as its Grand Tour subjected the miniature systems of the outer planets to instrumented scans, one stunning encounter after another. Still, it continued, and as it has persisted it has become more and more the expression of an earlier genre of exploration, the quest, for which the narrative itself is a purpose and product. As the Voyager twins pass outside the solar system, pushing well beyond their engineered limits, they have seemingly transcended their origins and the received story by which to explain their mission.

 

The Voyagers are among exploration’s purest expressions, and among both its strangest and its most revelatory. For more than five hundred years the West has relied on exploration to shape its encounter  with a wider world, and to seek newer ones. That process has alloyed with adventure, curiosity and colonization, wanderlust, greed, war, pilgrimage, slavery, trade and missionizing, technological innovation, sheer animal instincts for survival, and moral imperatives, a vast historical cavalcade that has morphed and trod across, below, and beyond Earth, yet has organized itself in ways that align with the ambitions, the understandings, and the hopes of its sustaining society.

That chronicle has been neither random nor unbroken. It tacks and veers with changes in the technologies of travel and in modes of inquiry, with the opening of previously unknown lands, with the onset of fresh competitors and aspirations—in brief, with the core values and understandings of the culture that propels it. There are periods of quickening and of slackening; times when enthusiasm flames, and times when it smolders; eras when aggressive expansion seems irresistible, and eras when it appears to intellectuals as quaint, repugnant, or laughable. Twice in the past, geographic discovery as a project had been so reorganized in its fundamentals as to constitute an identifiable phase; call it a Great Age. This happened with the Great Voyages of the Renaissance, and it happened again as the Enlightenment dispatched Corps of Discovery to resurvey the old lands and to inventory whole continents with the sharpened eyes of science. Such eras rise from the general chronicle like mountain ranges, between which lie valleys of exhaustion or indifference. Beginning with the International Geophysical Year, another such Great Age has come into definition, drawn to new domains of geographic discovery, equipped with robots and remote sensors, and outfitted with a very different cultural syndrome, what might be termed a Greater Modernism. The Voyager mission nests within this narrative, and it may serve for this latest phase as a defining gesture of what it is about.

Yet a certain uneasiness hovers over this latest phase. It’s dehumanized in sometimes unsettling ways. It has dispatched expeditions to new worlds, yes, but worlds inoculated against life, where no natives can guide and enlighten explorers, where no explorer can possibly live off the land, and where colonization is a fantasy. And perhaps most fundamentally the Voyager mission and its kind do not  rely on human discoverers. The mantle of explorer rests on robots. How is this exploration? In what respects is this age continuous with and distinct from those that went before? In what ways does this new era of discovery recapitulate old ones, and in what ways does it exhibit new conceptions as well as technologies? How might its own enterprise be a novelty as spectacular as anything its journeys have unveiled? What has the era meant to the half-millennial saga of geographic exploration by Europe and its cognate civilizations? And why might that matter?

All this, Voyager has gathered from history, as its instruments have collected cosmic rays from deep space. The Voyager mission amassed the pieces of this new era, miniaturized and assembled them into working machines, and dispatched them on an immense journey. Those two spacecraft look back across five centuries of looking outward. Their trek is a complex fugue of past and future, of tradition and novelty, a narrative that pushes onward to newer worlds by constantly realigning with a legacy of exploration to older ones. The Voyagers’ journey is an apt symbol for what might be considered a Third Great Age of Discovery, which is our own.



part 1

THE BEGINNING OF BEYOND: JOURNEY OF AN IDEA

I cannot rest from travel; I will drink
 Life to the lees . . .
 There lies the port; the vessel puffs her sail;
 There gloom the dark, broad seas.

 

—Alfred Tennyson, “Ulysses”

 


1. Escape Velocity 

A Great Age of Discovery, like the epic voyages it encompasses, requires places to visit, the means to get there, and A the will to go. For decades, after sledging over Antarctica and suffering through world wars and a global depression, exploration had sunk into a deep trough. But by the late 1950s all those errant requirements, separately evolving, had come into auspicious alignment. With Sputnik, a new era of planetary exploration achieved escape velocity.

There now existed technologies to carry instruments and people into places implacably hostile to life, and once there, to measure, map, and inventory by remote sensing. Some were mechanical devices such as rockets and submersibles; some, intellectual inventions such as maneuvers to boost spacecraft through gravitational assists. Together, machines and minds made possible forays over the ice fields of Antarctica and Greenland, across and down into the oceans’ abysses, and through the solar system, the primary geographic arenas for new discovery. And there were motives aplenty from science, ever competitive, always pushy; from communities of believers and enthusiasts, explorers and space cultists, eager to exploit a congealing alloy of interests; from cultural longings, especially traditions of adventuring and questing, however projected afar; from businesses keen to supply the products of desire, particularly when  refracted through governments; military ambitions, either for defense or forward strategies to forestall moves by antagonists.

This bundle of new motives, means, and opportunities made the exploration of the solar system possible, beginning with planet Earth. By themselves, however, they could not guarantee a new great age. Left to its own momentum, scientific inquiry and technological inventiveness would have slowly opened more of Antarctica, here and there, as coastal bases appeared and sledging parties converted from dogs to Sno-Cats and Bell 212 helicopters. Instrumented vessels would have probed the continental shelves and the occasional abyssal plain. Rockets would have supplanted balloons for sampling the upper atmosphere and the fringes of interplanetary space. Geographic adventuring would have merged with extreme sports and exotic tourism. The process would likely have been slow and sporadic, not unlike the Portuguese coasting that mapped the shores of Africa in fits and starts over the course of the fifteenth century or that slowly seeped across South America during the sixteenth.

The cold war, however, whipped those long swells into the white-caps of a cultural storm. Golden ages involve concentrated outbursts, contained frenzies of discovery, typically within a single generation or two. The dynamics of the latter twentieth century offered a close paraphrase of those that powered previous outbursts such as the Iberian reconnaissance of the late fifteenth and early sixteenth centuries, the Russian leap across Eurasia in the mid-seventeenth century, the British and French circumnavigations of the late eighteenth, the North American blitz from the Appalachians to the Pacific in the early nineteenth century, the three-decade scramble across Africa that commenced in the late nineteenth, and the twentieth century’s spectacular if brief heroic age in Antarctica. Now, as another fever of discovery spread, new expeditions looked to their predecessors not only for navigational aid but for models by which to define their character.


THE COLDEST WAR 

In 1599 Vargas Machuca asserted the valence between geopolitics and exploration by declaring simply, “a la espada y el compas, mas y mas  y mas y mas.” By the sword and compass, more and more and more and more.

Some 350 years later the cold war reconfirmed that alliance. Rockets and remote sensing owed their rapid development to military sponsorship and the perceived need to control the new high ground of near-Earth space. Submersibles plumbed the oceans to map the terrain for nuclear-armed submarines. Both kinds of vehicles, moreover, whether beyond the atmosphere or beneath the seas, required secure communications, always an incentive to investigate new media and the paths of technology. The bonding of science with a national security state, begun during World War II, stabilized amid the early cold war and was then bolstered by the political panic that followed Sputnik. The primary institutions of contemporary exploration, even those nominally civilian, as often as not had Defense Department funding or acted as civilian surrogates to the same geopolitical ends—NASA doing for the space program, for example, what it was hoped the Peace Corps might do to forestall insurgencies. The superpower rivalry played out amid gestures of cultural superiority, from counting Olympic medals to technological triumphalism in rocketry, and it played out on the coldest of terrains from Antarctic ice to deep-ocean abyss to interplanetary space.

The prime mover of exploration remained what it had historically always been: the competition not between Europe and others but among the Europeans themselves, or among their former colonies and empires. However removed from overt confrontation, however benign compared to hot-war battlefields, space launches were a form of saber rattling. Whatever they had to say about distant planets, they spoke first to and about Earth. Just as Europe’s internal competitions had pushed it into colonial conflicts, so the cold war projected Earth’s dominant rivalry into the heavens. This appeal to exploration for geopolitical ambitions had a long pedigree. The monarchy that England could not assault in Madrid it could hobble on the Spanish Main. What France failed to achieve in Alsace, it could relocate to the Atlas Mountains. What Holland could not seize in North America, it might claim in the Spice Islands. The containment of communism that the United States was unable to achieve in the Mekong Delta it  might overcome on the Sea of Tranquility. If it trailed the USSR in rockets, it could best its rival in satellites and science. “Space exploration,” conceded Bruce Murray, co-founder of the Planetary Society and director of JPL during Voyager’s passage through Saturn, “burst forth amid open belligerence and armed confrontation between the United States and the Soviet Union.”1

Curiosity, a passion to explore, economic spinoffs, intellectual sparks cast from the whetstone of political necessity, cultural rejuvenation, government investment as a fiscal stimulant, renewed frontiers—whatever reason could be associated with the enterprise likely would be. After World War II, American oceanographers, for example, seemingly appealed to any and every cause that might fill their coffers and advance their standing as scientists. If the U.S. Navy had technical needs, then it could meet them. If foreign policy required international “cooperation,” then that became the sustaining rationale. If assistance in “development” for emerging nations drove national interest, then that served. But in the postwar era, all these jostled under the covering umbrella of the cold war. National defense, broadly defined, was the overarching conceit, both unanswerable and sufficiently elastic to justify and disguise whatever real purpose a proponent intended.2

Yet those selfish pursuits emanated from a common culture, and it is precisely such amalgams—the sloppier and less precise, the better—that allow scattered acts of discovery and exploring expeditions to congeal into a Great Age of Discovery. The power of exploration derives from the power it shares with its sustaining society. The more deeply it can draft from that culture, the more interests it can tap, the more robust will be its support and the richer its impact. Still, something has to hold those oft-disparate pieces together to reach a goal: a colossal rivalry does just that, as internal dissensions shrink in comparison with the distance to a common foe. That was the catalytic effect of the cold war. Paradoxically, while they emanated from very different societies, the two superpowers displayed vital commonalities. Both identified themselves as expansionist nations founded on an ethos of exploration. Both committed themselves to similar state-sponsored technologies and came to mirror each other  in their exploring styles; even civilian institutions morphed into looking-glass versions of their military cognates.3

The core issue for those interested in transforming stunning gestures into a program of space exploration and colonization was not whether the cold war could spark a golden age—it clearly did. The issue was whether such an era could sustain itself once that catalytic competition was gone.


EXPLORATION’S NATION 

What this era of discovery means—why it happened when it did, what precedents it taps, even whether it constitutes a special age at all—depends on how those framing issues are placed and to what purposes. It configures one way within the cold war; another within sagas of imperial expansion, folk wanderlust, or colonization; still others within chronicles of technological innovation and scientific inquiry. Most advocates are eager to seize whatever justifications can be mustered, gathering any and all auxiliaries under the banner of their master purpose.4

But every proponent of a space program has instinctively appealed to exploration as a cause and consequence. Whatever else planetary spacecraft do, they explore, and whatever else they might mean, they belong necessarily in that illustrious pantheon of humans and societies that have pushed beyond frontiers to reveal a wider world. Against such motives, boosters assert, there can be no appeal. Exploration is politically deserving, culturally enriching, and genetically obligatory. It just is, and it must be.

In July 1969 William Pickering, director of JPL, responded to a request from Thomas O. Paine, head of NASA, for thoughts about the future direction of agency programs. Over the previous decade, Pickering noted, “the contest with the Soviet Union” provided the “necessary incentive” for Apollo. After Apollo 11 that external stimulus no longer existed, and Pickering, perhaps surprisingly, argued against an explicit replacement such as “a scheduled goal to land men on Mars.” But how otherwise to “describe and justify the NASA purpose” remained tricky.5

He ticked through the usual roster. The advancement of scientific knowledge was “not worth $4 billion for a relatively narrow area of knowledge having no obvious relevance to everyday problems.” The spinoffs from new technologies were “not good enough.” (The public had already waited in vain for ten years for some “dramatic application of space technology” and had gotten Tang and the DustBuster.) The sense of “human adventure” was “interesting” but awkward to justify at these expenditures. National security was important, but it was hard to see how the present array of programs contributed. No single factor was, in truth, sufficient.6

Rather, the answer lay in “combining the several factors.” That required an “integrating factor,” which in Pickering’s mind should be “exploration.” Exploration could rally public sentiment. The country had always celebrated its “explorers and pioneers who tamed a continent.” Now that the entire Earth had been “thoroughly explored from pole to pole, from mountain top to ocean depth,” it fell to NASA to project that saga across the solar system. This, he concluded, was “a fitting task for the U.S.”7

 

Exploration was, in brief, the final frontier of justification that potentially absorbed all the others and whose claims, in some respects, seemed unanswerable. Yet the appeal the space community made to the actual history of exploration was often both banal and irrelevant. That chronicle existed in the minds of many proponents only to motivate. The worst offenders were the colonizers, who saw themselves as true cosmopolites—literally citizens of the cosmos, who were willing to tap any nationalist chauvinism that would advance their cause. In particular, they became adept at phrasing the arguments for space travel in ways that would make critics seem to question the significance of the New World and especially the success of the American experiment.

In writing a history of space travel, with the help of two associates, Wernher von Braun concluded with a panegyric:During the Renaissance, Prince Henry the Navigator of Portugal established in his seaside castle of Sagres the closest precedent  to what the space community is trying to accomplish in our time. He systematically collected maps, ship designs, and navigational instruments from all over the world. He attracted Portugal’s most experienced mariners. He laid out a step-by-step program aimed at the exploration of Africa’s Atlantic coast as well as the discovery of the continent’s southernmost tip, which he knew had to be circumnavigated if India were to be reached by the sea. With equal determination he pushed for the possibly shorter westbound route to the Far East. Prince Henry trained the astronauts of his time—men such as Bartolomeu Diaz, Ferdinand Magellan, and Vasco de Gama, and he created the exploratory environment that launched Christopher Columbus from neighboring Spain on his historic voyage.8





Not a word of that valedictory screed is true. This is an engineer’s history, redesigned as one might rework a faulty engine to make it run better. It is a prophet’s history, selectively culled and shaped to anticipate a premonitory future. And it is a rationalizer’s history, gliding over the character of early rocketeers—the freelance pilots of the twentieth century—who offered their services to whatever power might advance their millennial ends. It is, too, a manifesto that justifies exploration as a scouting party for colonization. Discovery nests within a narrative of Western imperialism. It does not exist within a narrative of exploration as an act and institution in its own right.

To the believers, historical distortions mattered less than the value of historical appeal. “Henry the Navigator,” von Braun continued, “would have been hard put had he been requested to justify his actions on a rational basis, or to predict the payoff or cost-effectiveness of his program of exploration. He committed an act of faith and the world became richer for it. Exploration of space is the challenge of our day. If we continue to put our faith in it and pursue it, it will reward us handsomely.” Again, not a word rings true, save the appeal to faith, that history might justify what reason could not. What matters to the prophet is motive: if old faiths could move mountains, new ones could move to Mars.9

Still, whatever else it was, the space program was at least partly  exploration, and its historical position remains a triangulation between past and future. If there is a new great age of discovery aborning, it will help to know its parentage, for like all progeny, the offspring will share some traits with its forebears and show new ones. The Voyagers tapped into that heritage and took it in directions never before attempted, so much so that they displayed the ideal expression not only for a new era of exploration but also for what might be considered a new species of explorer.

 


2. Grand Tour  

In its origins, Voyager was both a mission in search of an opportunity and an opportunity in search of a mission.

Although the means to send spacecraft beyond Earth’s gravity had become possible, and the rivalry with the USSR, rekindled by hysteria over Sputnik, made some undertaking obligatory, it was not obvious where such vehicles should go. The “new ocean” of space—a Black Sea of Darkness, as it were—beckoned powerfully, if vaguely. Beyond the Moon, an obvious first port of call, destinations depended on personalities, institutional preferences, ideas in the wind, real or anticipated moves by rivals, and that element of chance that is both randomness and opportunity.


FROM THE EARTH TO THE MOON, AND BEYOND 

The clamor of voices after Sputnik was furious. Whatever the gloss of science applied to Sputnik, journalists and the public saw the satellite as a surrogate for nuclear-armed intercontinental ballistic missiles (ICBMs). Congress immediately commenced inquiries to restore American prestige, principally under the Preparedness Investigating Subcommittee of the Senate Armed Services Committee, which for its  Texan chair, Lyndon Johnson, meant being first and biggest. The Pentagon made its own claims early and loudly, offering compelling reasons why space belonged under its aegis, particularly the near-Earth environs of orbiting satellites for weather, communication, and espionage, and of course the powerful rockets necessary to launch payloads for any purpose; each service had its own claims, and collectively the Department of Defense funded an Advanced Research Projects Agency. The Rocket and Satellite Research Panel, a scientific advisory group under the Naval Research Laboratory, issued proposals within six weeks after Sputnik. The National Academy of Sciences evolved a Space Science Board out of its International Geophysical Year panel. The President’s Science Advisory Committee staked a claim. The National Advisory Committee for Aeronautics (NACA) insisted that space best belonged within its bailiwick. And of course there were professional societies, commercial vendors, and citizen prophets. Each proposed programs tailored to its own purposes.10

What emerged was a consensus that the United States needed to demonstrate political will by besting the Soviet technological triumphs, that this might be achieved most blatantly by a high-visibility mission, and that however powerful the military substrate, the program ought to be ostensibly civilian. The institutional compromise, urged by a cautious President Eisenhower, was to recharter the National Advisory Committee for Aeronautics, originally established in 1915 to coordinate among academia, industry, and government, into a National Aeronautics and Space Administration (NASA) on July 29, 1958. The technological compromise was to have the civilians adapt military rockets to nominally scientific goals. And the political compromise was to leave NASA’s founding purposes ambiguous, allowing each competing group to see in the NASA charter the realization of its own ambitions. Beyond an understood imperative to produce a publicity event equivalent to Sputnik, everyone could project onto NASA what they wished to see. The agency thus had a difficult birth that led to a troubled adolescence.

 

As long as money sloshed through the system and a clearly defined space race was on, the fissures within NASA were small and easily  spanned. But the conflicts were present at the creation: military control versus civilian purposes, the need to ensure engineering success versus the desire to expand the frontiers of science, the preference for many small vehicles versus a few opulent ones, the desire—as the Rocket and Satellite Research Panel proposed in November 1958—to conduct “scientific exploration” and, at the same time, to carry out “the eventual habitation of outer space.” One group envisioned a specific political reply to the Soviet challenge; another, an agenda for scientific discovery through prosthetic vehicles that could carry soundings from Earth’s upper atmosphere to those of the other planets; still others, an implied mandate to colonize the solar system for which robotic spacecraft had meaning only as reconnaissance parties for subsequent human settlers; and most, perhaps all, hoped that such ambitions complemented rather than competed. The quarrels over means and ends, they wanted to believe, were merely squabbles over timing.11

NASA’s charter did not prescribe particular programs, only an institution and a process. Conflicting interests would meet where a democracy best handled them, in open politics. Significantly, NASA’s first administrator, T. Keith Glennan, was at once an academic (Case Institute of Technology), a military researcher (Navy’s New London Underwater Sound Laboratory), and a member of a government agency (Atomic Energy Commission). NASA simply consolidated existing programs, which basically meant continuing NACA research and extending projects begun under the International Geophysical Year, discipline by discipline. At its organization meeting in June 1958, the National Academy of Sciences’ Space Science Board concluded that “the immediate program would integrate results” of the IGY Committee’s study, “which is now or has recently been completed.” In brief, the emerging space establishment rounded up the usual suspects and prepared to give them money and rockets to go “beyond the atmosphere.”

 

From the outset planetary exploration was deemed an essential part of a space program. The inspiration and prototype came from the International Geophysical Year (1957-58). As with so much of the  Third Age, IGY was catalyst, announcement, and model. It first melded science, exploration, new technologies, and geographies of discovery into a style that was recognizably different from earlier epochs of exploration, and so helped kindle a Third Age, much as the eighteenth century’s endeavors to survey the transits of Venus had galvanized a Second Age. This was evident not only in its themes but in how it had morphed beyond them. IGY had begun more modestly, as a Third International Polar Year that intended to focus on Antarctica. But the opportunities seemed too fabulous not to scale up into a full-body scan of planet Earth, including its upper atmosphere; and it was within this context that Sputnik and Explorer launched. It seemed unavoidable, then, that IGY’s successor institutions such as NASA would likewise leap beyond their founding conceptions, in this case to push beyond Earth to the solar system overall. The real questions were not whether to go but when, where, and how.

The Moon was an obvious first target, and as soon as the early Sputniks had racked up their orbital triumphs, the Soviets sent Lunik I past the Moon and Lunik II to its surface (both while the IGY was still in progress); and Lunik II sent gasps around the world when it broadcast a photo of the Moon’s dark side. So even before NASA was founded, America planned to launch counter-probes to the Moon under the auspices of the Defense Department’s Advanced Research Projects Agency—three Pioneer spacecraft by the air force and two through a collaboration between the army and the Jet Propulsion Laboratory.

JPL, in particular, was already imagining a future of planetary exploration far beyond the Moon. It had long ties with the army, not only with the “Propulsion” of its moniker, but more significantly for interplanetary travel, with guidance systems, telemetry, and communications—an early recognition that hardware was only as good as its accompanying software. A mere seventeen days after Sputnik I, the Lab urged that America “regain its stature in the eyes of the world by producing a significant technological advance over the Soviet Union.” Director William Pickering recommended going to the Moon “instead of just going into orbit.” But the institution aspired to much more. In January 1959 NASA accepted JPL’s concept  for a deep-space communication network, and in March it approved Project VEGA, an upper-stage rocket and spacecraft, thus partially substantiating JPL’s bid to become the prime center for extra-lunar space flights. Ideas swelled like a supernova.12

Still, when congressional hearings in March reviewed “The Next Ten Years in Space, 1959-1969,” the focus was on near-Earth sites that were achievable with expected engineering (and likely military) payoffs: orbital settings, the Moon, the neighboring Earth-like planets. Exploration for its own sake had little standing. What was done not only had to be doable. It also had to satisfy a political purpose.

 

Meanwhile, the Soviets had essentially claimed the Moon. A true triumph to counter the endless string of Soviet firsts required a still untouched target. That pointed to Venus and Mars. In February 1961 the Soviet Union made two attempts at Venus. Sputnik IV failed on launch, and Venera I missed its rendezvous with the planet. The opportunity for an American coup remained open. In November JPL engineer Allan Hazard submitted “A Plan for Manned Lunar and Planetary Exploration” that would place astronauts permanently on the Moon by the early 1970s, on Mars by mid-decade, and on Mercury, Venus, and “the outer Planets and their satellites” at some unspecified time thereafter. Though officially disavowed, the scheme showed where Lab thinking was headed. Then NASA pulled the plug in December 1959 by reversing itself and canceling Project VEGA.13

The Moon was far closer and more essential. Whatever might go to the planets would be field-tested on the Moon. NASA’s founding interplanetary mission, in fact, began as a Moon shot before being diverted into orbit between Earth and Venus. While a first for America, Pioneer 5, jointly assembled by the air force, the Space Technology Laboratories, and Goddard Space Flight Center, had the appearance of a consolation prize after the Soviet spectaculars on both sides of the Moon. There seemed little more possible. The United States lacked a rocket capable of launching interplanetary spacecraft, and there was little incentive to push to the planets when the Moon still proved elusive. Nonetheless, Pioneer 5 sparked a need for an administrative structure—what became NASA’s Office of Lunar and  Planetary Programs, which included an Office of Space Science and Applications .14

An office, however, needs missions, and missions need both a vehicle and a purpose. What emerged was Ranger, a program for lunar exploration based on a prototype for a true interplanetary spacecraft, one that was not simply an instrumented hunk of metal but an automated system. A JPL team sketched the basics in February 1960 with a study, “Spacecraft Design Criteria and Considerations; General Concepts, Spacecraft S-1.” This established the foundational framework for JPL vehicles: a hexagonal frame, modular electronics and subsystem compartments, and a “bus-and-passenger” design that could accommodate a variety of payloads in what became a “hallmark of lunar and planetary missions.” Ranger was its prototype, the progenitor for what became Mariner and through Mariner, Voyager.15

Yet Ranger’s record was ghastly—six failures, finally followed by three redemptive successes. Its successor, the soft-landing Surveyor, hit the Moon five times out of seven. With the announcement by President Kennedy that the United States would seek to put a man on the Moon and return him safely by the end of the decade, the gravitational pull of Earth became less than the political attraction of the Moon.

 

Still, the planets beckoned. With a new upper-stage rocket, the Centaur, under development, the idea was floated to use some of its developmental test flights to send a spacecraft to Venus or Mars. The launch would occur anyway; the planetary probe would free-ride. Although the needs of Centaur determined the launch window, here was an opportunity to go beyond the Moon, and with NASA’s acquiescence, JPL projected a new class of spacecraft, Mariner. The hope was that Mariner A would go to Venus, and Mariner B to Mars, probably in 1962, when planners projected a happy coincidence of developmental timetables and favorable trajectories. Planetary exploration was officially on the books.

Then Centaur encountered troubles, and scrambling for an alternative, JPL proposed in August 1961 that instead of a Titan/Centaur rocket, the launch could rely on an Atlas/Agena, and instead of a new  spacecraft, they could construct one out of Ranger, what became Mariner R. So, despite having gone no farther than orbits around Earth, NASA approved two launches to Venus for July-August 1962. With barely a year to prepare, “not knowing that the proposed mission was almost impossible,” as Oran Nicks recalled, “we laid out a plan, reprogrammed funding and hardware, and went ahead and did it.” Mariner 1 failed on launch; Mariner 2 made the first planetary flyby, coming within 34,400 kilometers of Venus on December 14, 1962. A month before closest approach, NASA approved two Mariner-class spacecraft to go to Mars in 1964.16

 

Going to other planets carried the rivalries advertised in Explorer 1 farther out. Escaping Earth did not, for one, mean escaping the cold war, whose rivals soon sought allies among the planets. Mars and Venus were the prizes, and while both superpowers sent probes to each, the United States held a particular fascination with Mars, while the USSR came to regard Venus as its sphere of influence. But neither did leaving Earth dissolve the rivalries within the American space community. In particular, scientists, colonizers, and explorers could squabble over where and when to go.

Early on, a consensus emerged for Mars. After the success of Mariner 4’s flyby in 1964, proposals for further unmanned probes flashed like meteor showers. The American Astronomical Society sponsored a symposium in 1965 on “Unmanned Exploration of the Solar System.” The NAS Space Science Board declared that Martian exploration, in particular, including a search for life, should be a “National Goal in Space,” a planetary counterpart to the Apollo enterprise. At the same time JPL constituted a Mars Study Committee. Headed by Bruce Murray, the committee stimulated a furious discussion that led to proposals for a dazzling full-bore program of exploration that would include flybys, orbiters, and landers. The last would involve a new state-of-the-art spacecraft called Voyager.17

But going to Mars in a colossal way was less politically compelling than getting out of Vietnam, and being tied neither to military necessity nor to Great Society programs, the ballooning costs made the project both visible and vulnerable. In August 1967 Congress  canceled funding. By various juggling, and by reverting to a plain vanilla Mariner spacecraft, NASA salvaged enough money to keep the planetary program flying. There were two Venus flights scheduled for 1967 and two Mars flights for 1971. The grandiose Voyager program, once killed, was subsequently resurrected as Viking, a mission to Mars timed for (and justified by) the American bicentennial.18

Much as the planetary program had to insinuate itself, almost by accident, into the dominant Moon agenda, so a scheme to visit the outer planets had to finesse its way past Mars.


THE GRAND TOUR CONCEIVED 

All the parts came together. Motive: a surrogate cold war played out in space. Means: the rapidly revolving technologies of rockets, spacecraft, communications, and guidance systems. These were trickier, because in the mid-1960s the capabilities for travel beyond the inner planets did not exist. Opportunity: a Grand Tour to the outer planets so compelling it could move the fantastic into the realm of the hypothetical. Although projects were only as good as the capability to encode them into metal and missions, a fabulous idea could—just might—impose a reality of its own.19

The practical range of space travel remained limited to the combustion that engineers could ram through thrusters, and Mariner 2 was already pushing those limits. While bigger rockets, with bigger payloads, were on the drawing boards, travel beyond the Earth-like inner planets demanded a far greater propellant. Even the most powerful rocket, the Saturn V, would require thirty years to send a probe to Neptune solely on its own impulse. Such propulsion alone could never make the trek quickly enough. The payload spacecraft would expire from natural causes before it reached the farthest planets, and politics would never commit to projects that imposed immediate costs for such remote payback. For scientists, too, the horizons were dim; and for public politics, they were as invisible to the naked eye as Uranus.

When a solution was found, it came from software rather than hardware. It appeared in the form of a suggestion that it was possible  to outflank the superpower sparring around the inner planets and go directly to the outer ones, and that the propulsion to do so was latent within the very purpose of the mission. Robert Frost once explained that a poem, like a block of ice, should “ride on its own melt.” Far planetary exploration needed a mission that could likewise ride on the melt of its design.

 

The two vital insights emerged not from machine shops or government offices but from densely mathematical studies of hypothetical trajectories. One involved finding a way to get spacecraft to the outer planets, and the other, a time and reason to do so.

The first took shape in 1961, from work by a mathematics graduate student, Michael Minovitch, hired for the summer by JPL’s mission-design program to explore trajectories to carry spacecraft from Earth to Venus and back again. Over the next couple of years Minovitch went further and came to realize that a spacecraft behaved like a small planetary body, subject to the same gravitational accelerations and decelerations as asteroids and comets. By approaching a larger body in the same direction as its orbital motion, a spacecraft would accelerate, and thereby achieve additional momentum—a “slingshot” effect. Relative to the planet, it would lose what it gained as it sped away, but relative to the Sun, it would have gained overall, and where the planet producing acceleration was massive, the spacecraft would acquire far more propulsion than it ever could from prospective launch vehicles on Earth, which were soon to approach their upper limits. Moreover, the gravity-assist maneuver could be used more than once in a single mission .20

Minovitch organized his thoughts in a 1963 technical report to JPL’s trajectory group. His insight did not instantly galvanize his colleagues, however, and they continued to experiment with mixes of propulsion systems, trajectories, and potential projects. Whatever its mathematical elegance, the concept had little engineering relevance until it got coded into a machine and a mission. The defining event came the next year, when Gary Flandro, a postdoc at JPL, distilled the “gravitational perturbation technique” to its essential equations and applied the results to a select suite of trajectories for the outer  planets. The “great challenge,” Flandro appreciated, was “to try to make exploration of the outer planets practical.”21

His research took him to Walter Hohmann, and then to Gaetano Arturo Crocco, an Italian who in 1956 had published a scheme for repeated close flybys of Earth, Mars, and Venus in what he termed a “grand tour.” Mostly Flandro fixed on Krafft Ehricke’s Space Flight, which expressed in general language what might be interpreted as gravity assistance. Then Joe Cutting, the group’s supervisor, recommended Minovitch’s work, particularly that which targeted Jupiter. Here, Flandro thought, was “the key to the outer solar system.” To his mind, however, the work done so far had been “elementary” and abstract. What was needed were calculations for “realistic mission profiles so that estimates of actual flight times, payloads, and planetary approach distances and speeds could be made.” Especially critical was an identification of “launch windows.”22

What emerged by the spring of 1965 was a stunning recognition that a once-in-176-years alignment of planets meant that a single spacecraft could fling itself from one to another within a period comparable to the life of a probe. The required conjunction would occur in the early 1980s, which meant that a spacecraft launched in the late 1970s could reach Jupiter, the critical accelerant, just in time to ride a gravitational wave train to Saturn, Uranus, and Neptune. It was, Flandro recalled, “a rare moment of great exhilaration.” But as always the inspiration was only as good as its expression. He found that the “trajectory computer programs” crafted by Minovitch were “not truly adequate,” and he replaced them with a “hand method using tabulations and graphs.” Since Minovitch worked at night, he and Flandro did not meet. It mattered little, since it was not Minovitch’s general solution that made Voyager possible, or his computational methods, but the providential alignment of the outer planets that tipped the scale of possibilities. Flandro circulated his results internally in 1965, even as the American Astronomical Society sponsored a symposium on “Unmanned Exploration of the Solar System.” The next year, he published the scheme for the space community in  Acta Astronautica, identifying ideal launch dates and sketching prospective trajectories.23

Initially, there was ample skepticism, even at JPL. At issue were engineering concerns: guidance, communications, and particularly the durability of spacecraft, for even an accelerated journey to Uranus would take ten years, while existing mechanical and electronic devices could barely survive a nine-month trip to Mars. But the idea itself soon accelerated, flung from one study to another much as the hypothetical spacecraft it imagined might careen from planet to planet. In December 1966 Homer Joe Stewart, director of JPL’s Advanced Studies Office, instantly saw the significance of the idea and published a prospectus in Astronautics and Aeronautics, and it was he who proposed to transfer Crocco’s term “grand tour” from the inner planets to the outer. Meanwhile, Bruce Murray, who had previously headed the Mars Study Committee, was busy outlining the particulars—what seemed to most partisans to be veritable axioms—for the mission, or rather a suite of missions. The scientific harvest was stupendous, the engineering challenge magnificent, the potential cultural impact “great and enduring,” and its value as cold war propaganda immeasurable. Here was a space spectacular that America was especially equipped to win. The Grand Tour was a noble complement to Apollo.24

By early 1969 JPL had sketched the practical requirements of spacecraft design and launch trajectories for variants of an outer-planet survey, and was even using its dazzling vision as a recruiting device. James Long summarized the options for a multiple-year, multiple-mission reconnaissance, concluding that such a scheme was feasible as well as “a timely—virtually unique—opportunity for exploration.” Within the year William Pickering was promoting the Grand Tour through American Scientist. Throughout, there were two selling points: one, that the cost of going to the outer planets was essentially the same as going to Jupiter alone, since the critical added velocities came from Jupiter’s gravitational assist; and two, that the alignment of the planets was, from a programmatic perspective, providential. There was every incentive not only to seize the “superwindow” offered but to make as complex a mission as possible in order to magnify that opportunity, perhaps including orbiters and landers. What the Viking mission would do on Mars, the Grand Tour could do across the solar system.25

In this, the first of its journeys, Voyager had achieved a breakthrough by means of a shift in reference frames, and that is exactly what Voyager has continued to do throughout its long trek. The process started at its conception, by seeing a hypothetical spacecraft differently, and it will end by forcing us to see ourselves differently. But as William James once put it, “truth happens to an idea.” Gravity assist happened when Mariner 10, launched in 1973, swung around Venus and Mercury exactly as predicted. The scheme worked, shaving rocket fuel loads as much as 70 percent. A spacecraft could reach the outer planets and still be sentient, if not fully ambulatory.

 

The primary propulsion system for Voyager was, in the end, intellectual. It was the idea of the Grand Tour.

It seemed irresistible. Both the scientific community and the American media seized on the scheme. By 1971 the Space Science Board had endorsed the proposal; NASA lent approval for further studies, and JPL had plunged into a flurry of inquiries. Here was the scotched Mars Voyager resurrected. Here was a dazzling prospect for technological challenge and first-order exploration. Here was promised a marker in the centuries-long saga of exploration. The last time this planetary conjunction had appeared, Alexander von Humboldt was halfway through his monumental trek across South America; before that, Jan Carstensz had just navigated around Australia’s Gulf of Carpentaria, finding nothing of worth, and Plymouth Plantation had settled in New England, still looking eastward, and more intent on the reformation of the Old World than westward to the colonization of a New; and before that, Portugal had barely passed Cape Verde, still stutter-stepping toward the Renaissance’s Great Voyages. By the next conjunction, 2153, the planets would have been explored singly. The exploration of the solar system for the first time could happen only once. A Grand Tour could do that.

Enthusiasm was keen: opportunity seemed like inevitability. How could anyone oppose such a fabulous conception? By 1977, when the ideal launch window would appear, the technology, the managerial skills, the instrumentation, and the hands-on experience of navigating probes through interplanetary space would be sufficient. Were  the launch window to come five years earlier, those means would not have existed, and had they arrived five years later, the opportunity might have been lost. It was inconceivable that anyone might deny the Grand Tour its call to destiny.

Studies boomed, not least because the options for surveying the outer planets, especially if two spacecraft were launched, were surprisingly rich. Three combinations particularly intrigued planners. One was a three-planet mission to Jupiter, Uranus, and Neptune. Another three-planet mission targeted Jupiter, Saturn, and Pluto. The last version was a four-planet mission to Jupiter, Saturn, Uranus, and Neptune. Each mission would involve multiple launches. It was even possible, if barely, to imagine a flotilla of missions that would collectively sample all of the outer planets with reasonable completeness.26

Meanwhile, on July 31, 1969, only fifteen days after Apollo 11 landed on the Moon, Mariner 6 entered orbit around Mars, followed five days later by Mariner 7, offering for the first time an effort to synchronize two simultaneously exploring spacecraft. To observers it seemed that a Grand Tour had to follow. Nothing else could claim anything like its cachet. It remained only to select the most savory of the potential offerings and then render it into a machine to cross the solar system, even though neither the technology nor launch vehicle for such an enterprise existed, nor the political determination to go. JPL’s preference was for a program built around a new vehicle, a spacecraft more durable, expansive, and autonomous than the Mariner series, and one that could survive a hostile decade in space. This required, among many features, a computer that could undertake on its own some routine testing and repairs, and an energy system not dependent on sunlight. The new vehicle, called Thermoelectric Outer Planet Spacecraft (TOPS), promised to be as expensive as it was daring. The Grand Tour deserved nothing less.

By 1970 NASA had formally assigned an Outer Planets Grand Tours program to JPL, which endowed a Grand Tour Project Office, which commenced to sort through the preliminary studies and announced a call for proposals for the scientific package. Estimated costs ranged from $750 million to $900 million, a prince’s ransom at  the time. Still, the Office of Management and Budget (OMB) liked it as an expression of national prestige, and approved some funding for planning. On March 7 President Nixon declared unequivocally for a Grand Tour, with preparations to begin in 1972. By summer some five hundred scientists had submitted proposals for what would be a dozen experimental slots. But in some respects, the winnowing hardly mattered. Where so little was known, everything was there to be learned. JPL petitioned NASA headquarters for a formal authorization, and NASA approved, contingent on congressional funding.27


THE GRAND TOUR OPPOSED 

Yet what excites some can cause in others an allergic reaction. The Grand Tour unexpectedly rallied a grand alliance to oppose it. The usual motives came into play, from squabbling over money to disciplinary jealousies, some reasons honorable, some petty. The bottom line was, what the cold war gave, it could also take away, by proposing competitors eager for the same government funds and stature. Nor was the space community united. What seemed to true believers a juggernaut providentially aligned with the stars appeared to others more like Oliver Wendell Holmes’s rickety “one-hoss shay.”

The most universal concern was cost, which was serious and might go ballistic despite close attention. Even before Apollo 11, NASA’s budget was fast ebbing, and the commitment to the space shuttle threatened to become (and did become) a fathomless fiscal sinkhole. Apollo 16 and 17 were canceled. President Nixon decided, along with NASA strategists, that the future belonged with the space shuttle, an American Concorde, which could also quell industry unrest over the cancellation of a supersonic transport (SST). There was not enough in the Treasury to support both robotic Grand Tours and human-steered SSTs, much less fight foreign wars and finance a Great Society. Besides, the political calculations were overwhelming. The shuttle meant thousands of jobs; an outer-planets spacecraft, prime work for a thousandth as many voters. The reality was what Harris “Bud” Schurmeier, a key JPL manager and prime mover behind the embryonic Voyager mission, blandly said it was, that “planetary  exploration has inevitably been insignificant on a national scale, low on the agenda, small in the budget.” Start-up funds for the Grand Tour were slashed to $10 million from a requested $30 million.28

 

The funding might be finessed. A single mission, even if expensive, might be easier to sell than five, each of which offered tempting political targets. But what threatened to fatally compromise the Grand Tour was intramural fighting among space scientists. A Grand Tour was big science that risked alienating academic little science, and it was a big-budget item that competed directly with a big-budget item craved by astronomers: a space telescope. Those groups whose research did not extend to the outer planets or who were not slated to join the eleven science teams on the spacecraft offered tepid support, or became hostile, viewing the funds lavished on the Grand Tour as siphoning precious monies that might go to their own projects. There was already a big-science mission on the boards, the reincarnation of Mars Voyager into Viking; and the search for life on Mars seemed likely to muster broader enthusiasm from both the scientific community and public than mapping the magnetosphere of Uranus.

Even enthusiasts for outer-planet exploration could legitimately doubt whether now was the proper time, or a Grand Tour the proper means. The NAS Space Science Board had conducted a major study in 1965. While urging NASA to think beyond the Moon, the board had concluded that an intensive study of Jupiter was a better bet than far-ranging flybys; and that if missions to the other gaseous planets were feasible, single shots were a more conservative hedge than a romantic Grand Tour. NASA then constituted an Outer Planets Working Group, with representatives from all its field centers that had an interest in the scheme, and again the consensus favored parsing the Grand Tour into more manageable excursions or crafting a compromise in which two missions would each tour three of the outer planets—all this on the grounds that the engineering was more likely to succeed and the richer returns would be more widely distributed among planetary scientists (a narrower version of the jobs argument) .29

In June 1969 NASA invited the Space Science Board to reconsider.  The Board reconfirmed its belief that “study of the outer solar system” was a “major objective of space science” and that the community was “eager and excited.” It urged that NASA increase the fraction of its budget devoted to planetary exploration, that Pioneer-class spacecraft lead the endeavor, and that Jupiter be the first object of outer-planet missions, with a mix of Grand Tour projects to follow if funding proved adequate. But it also reasserted its original position that the Grand Tour should be not one but several missions. Specifically, it argued for five, all of which would either target Jupiter or use it for gravity propulsion. The JPL scheme was deemed at or beyond the limits of engineering expertise. It was risky, its success uncertain, and its costs extreme.30

The Grand Tour’s promised payoff, while glamorous, seemed meager compared to what might be done by other means, and worse, its unstanched costs threatened to bleed space science dry. (By now Voyager had become a surrogate for criticism of Viking, which was further along in its development and much more costly.) The SSB nearly recommended outright termination. After discussions with the OMB, NASA returned to what was becoming the default setting: two missions launched over two or three years to reach two or three planets. Had the Grand Tour been a launched missile, with its wobbly path so badly out of trajectory, it would have been blown up. It was kept, although its woes seemed an unsavory augury for what became Voyager. Meanwhile, the SSB, while sanctioning planetary exploration as a “major objective,” recommended halving the funding level, thus taking away with one hand what it gave with the other. The SSB urged more near-Earth activity and, led by astronomers, wanted an orbiting telescope. If robotic spacecraft could do science that humans couldn’t, then a telescope could do much of that science without the robots. The proposal in effect sought to sever science from exploration.31

Other critics, led most visibly by James Van Allen of the University of Iowa, protested the magnitude of the NASA investment in crewed programs to the detriment of robotic missions; the former did no science worth mentioning, and given a fixed (or inflation-ablated) budget, a sharp tilt toward manned space flights, in a kind of  bureaucratic sheet erosion, would drain funds away from all the rest. (With no specific appropriation for the shuttle, NASA had to absorb internally its development costs, which escalated from $12.5 million in 1970 to $78.5 million the next year.) This promised to scrap everything that could not fit into the shuttle’s bay. The opposition to crewed programs spurred a counter-protest against robots, and gave NASA critics overall additional arguments against both programs . 32

The deeper concern,thoughonly implied, wasto question whether science needed spacecraft at all. For the present it did, as the SSB observed. Several fields of interest—the kind that the International Geophysical Year had pursued in the upper atmosphere of Earth—had “no known alternative to the techniques of direct observation near, or within, the object of investigation.” The only way to put an instrument in such proximity was with a spacecraft. But if other means became available, they might well, from the perspective of science, be superior. One could dispense with spacecraft as robotic spacecraft did with astronauts.33

Even within NASA, competition was keen. The agency was a forced merger of institutions that had their own traditions, goals, and styles, and that were avid to contest against one another. So long as money had been ample, every research group and every facility could get something that it wanted; but when choices had to be made among them, a competitive scramble resulted among institutions, among projects, among personalities, among ideas, among visions of what “space,” “science,” and “exploration” meant. This held even as NASA’s head, James Fletcher, insisted that no such internal trade-offs existed (no one believed him) and that the space science community had to unite behind all programs. “Science” by itself had “very little political support,” he noted, but “space” meant “technology, applications, and political prestige” (all of which was marginally more acceptable). Regardless, the space science community fissured, and that chasm split the larger space lobby.34

The crunch came in 1971. The NAS Space Science Board met for an intensive study seminar in early August, argued again to bolster NASA’s planetary program, reaffirmed a 1970 study that established priorities for space research, and concluded that regular or even  intermediate funding was not sufficient for Grand Tour missions “without jeopardizing the Planetary Explorers [Pioneer] and key programs of the other scientific disciplines.” The 1971 session also folded in recommendations from the President’s Science Advisory Committee. For the outer planets, it urged as a priority a Jupiter study by “Pioneer-level technology.” The JPL ambition for a Grand Tour with a new spacecraft found support only if NASA received its “HIGHER budget program”—an improbable outcome. Still, the SSB supported development of TOPS-class spacecraft and an enhanced Titan rocket to launch it; and it introduced the prospects for “satellite imaging,” which it thought might “constitute the most solid justification for [a] Grand Tour.” The intellectual returns from remote moons, however, could not outflank the staggering expenses and the aroused alliance of rivals within NASA and the space-science community.35

A body in shock pools blood from its outer limbs to its vital organs; so, too, with bureaucracies. Congress had not backed Nixon’s rhetoric with real money. NASA redirected the flow of funds from the outer planets to near-Earth activities and to that most Earth-like planet, Mars. Like the tall poppy that gets cut down, the high-visibility Grand Tour was a tempting target—something almost everyone liked in principle but few were willing to sacrifice for. NASA decided that its institutional future lay with humans in space. In December 1971 Administrator James Fletcher wrote the Office of Management and Budget that NASA would cancel the Grand Tour. In January 1972 that announcement became public.36


THE GRAND TOUR REVIVED 

The Grand Tour was dead. Its spirit, however, proved harder to kill, and it quickly transmigrated into another avatar.

Within ten days, JPL proposed an alternative. It would scale back the full-bore Grand Tour into paired visits to Jupiter and Saturn. It would adapt the proven Mariner spacecraft rather than, Viking-like, invent a new one from scratch such as TOPS. It would pare costs from $900 million to $360 million. It would co-opt critics from the start, particularly enlisting support from the SSB and OMB. And it  would, with sly ambiguity, allow for the option of tweaking the second flight to swing past Saturn and rendezvous with Uranus and perhaps Neptune. The metempsychosis was complete. The Grand Tour had become Mariner Jupiter/Saturn 1977 (MJS 77).37

NASA accepted the proposal in June and signed a formal project agreement in December, assigning Bud Schurmeier as project manager and assembling a Science Steering Group. JPL began reorganizing immediately. Even this furled-sail mission went far beyond anything attempted to date, not only geographically but technologically and administratively. (Pickering insisted that “something more than ‘organized arm waving’ ” was needed to ensure confidence that a spacecraft could even survive to a “far planet encounter.”) Just getting to Saturn was tricky enough: the projected three-and-a-half-year voyage was six times longer than any that had flown. The most advanced power source would last only a year; sensitive equipment had to endure the hazards of interplanetary and near-planetary space, ranging from micrometeorite bombardment to saturated radiation; and navigating a spacecraft through rings, radiation belts, and moons while adjusting sensor platforms demanded an unprecedented choreography of commands. Communications could barely handle a trek to Venus or Mars, and while improvements were expected, the distances were too great to rely on human judgment during crises, which meant a spacecraft would have to analyze and repair itself. Some technology had to be new, not simply adapted. Some could be expected to need correction based on the Pioneer 10’s encounter with Jupiter in 1973 and Pioneer 11’s encounters with Jupiter and Saturn in 1974 and 1979, respectively. The whole science selection process had to be renewed, which was certain to revive ill feelings. And while everything had to be done on schedule and on budget, nothing done should inherently prevent a reincarnated full-bore Grand Tour.38

 

The pressures, both internal and external, got worse with each year. The internal pressures were many: to reengineer the Mariner spacecraft to accommodate the best features of TOPS; to create sufficient reservoirs of power and propulsion for the vehicle; to upgrade the means of communication through the Deep Space Network with its receivers in  Spain, Australia, and California; to harden electronics after Pioneer 10 had its circuits fried by the gargantuan radiation around Jupiter; to create an onboard computer at a time when even simple personal computers did not exist; to absorb administrative regime changes as Bruce Murray replaced William Pickering and John Casani succeeded Bud Schurmeier; and
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The horizontal axis locats the plances by distance from the Sun (milion k). The vertical
axis gives years of aunches and encounters forthe United Sates (cop) and the USSR
(botzom). On this scale missions o the inner planecs appear as mere hachures. I€s easy to
e how the immense rek ofche Voyagers dominated distance, and gven the ong hiatus
afeerlaunch, the hiseory of planctary exploration by NASA. Whilethe Pioncers continued
eheiroutward trek a3 wel their misions ofcially ended with Jupier and Saturn. The
Voyagers had their missions redefined as they progressed.

Note both the dominating position of oyager spacially by ncountering the outer planers.
andies domination of American launches for a decade.
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