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    There are many people to thank for their contributions to this book, and I hope that I have recalled you all.

    First, I want to thank the excellent team at Prometheus Books. Linda Greenspan Regan, Steven L. Mitchell, Jade Zora Ballard, Ian Birnbaum, and Jennifer Tordy were all magnificently helpful and supportive. Meghan Quinn handled publicity with mastery. Catherine Roberts-Abel shepherded the book through its many versions, and Laura Shelley provided expert indexing (and, as it turned out, additional proofreading) services.

    John Willig, of Literary Services Inc. and my agent, made the book a reality and was wonderfully and unendingly optimistic and supportive throughout. Alex Aghajanian, lifelong friend and attorney, lent his services as always.

    The folks at Jet Propulsion Laboratory deserve a major tip of the hat. Rob Manning was supportive and encouraging, and carved out some of his very limited spare time to contribute both a chapter and the foreword for the book—and all this in the midst of readying the Mars Science Laboratory for launch. Guy Webster and Elena Mejia provided access to some of the top minds in Mars exploration today for interviews. And, of course, the people who labor countless hours behind the scenes to provide terabytes of data on the US Mars program online deserve recognition—it is, in my opinion, the finest data repository of its kind anywhere.

    Robert Brooks, also of JPL, is a friend of many years and spent a number of hours with me, guiding me through the sometimes-Byzantine history of Mars exploration at NASA, as well as contributing to this book.

    Loma Karklins at the Caltech archives was unstintingly helpful in finding somewhat obscure material from that institution's glorious past. Without her assistance, most of the interview material prior to Mars Pathfinder would be absent.

    Chip Calhoun from the American Institute of Physics, Niels Bohr Library and Archives, also contributed to the archival efforts. He and the rest of the institute staff gave many hours of assistance retrieving material that is available nowhere else.

    Many top researchers and planetary scientists gave me their limited and valuable time for interviews. In no particular order, they are:

    Dr. Peter Smith of the University of Arizona

    Dr. Steve Squyres of Cornell Universit

    Dr. Joy Crisp of JPL

    Dr. Richard Zurek of JPL

    Dr. Chris McKay of NASA Ames Research Center

    Dr. Laurence Soderblom of JPL

    Dr. Robert Zubrin of the Mars Society and Pioneer Astronautics

    Dr. Jeffrey Plaut of JPL

    Dr. Bruce Murray of Caltech

    And, posthumously:

    Dr. Robert Leighton of Caltech

    Dr. Norman Horowitz of Caltech

    Gloria Lum provided expert grammar checking and creative input for the text, as she always has for my books, as well as unselfish support all around. Emil Petrinic gave the manuscript a thorough fact-checking, as did Bob Brooks, Dr. Jack Giuliano, and Robert Manning. True friends all. Jason Clark spent countless hours transcribing interviews late into the night.

    Ken Kramer, friend of thirty-five years and a professionally trained psychotherapist, doubtless utilized some of his education in our many late-night chat sessions during the authoring process. Likewise Rodman Gregg, film producer, and Scott Forbes, entertainment professional. My son, Connor Pyle, gave up many evenings with his dad so that I could indulge myself in the magnificent mystery of writing about something I love. Leonard David, space journalist par excellence, lent support and the occasional answer to the unanswerable. Likewise Andy Chaikin, author of some of the best space-history books of all time. Jeanie and Joe Engle of NASA receive the same credit.

    And to the folks who agreed to read galley copies of the book: Dr. Steven Dick, formerly NASA's chief historian; Roger Launius, senior curator at the Smithsonian Institution; Steven Fentress of the Strasenburgh Planetarium; Tony Cook of the Griffith Observatory; Leonard David, a premiere space journalist; and Piers Bizony, bestselling space author.

    Book writing is a solitary yet collaborative experience, and without the advice, assistance, and support of these people, such efforts would not be possible. My heartfelt thanks to you all.
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    July 20, 1976: The Viking 1 orbiter instructed its lander to begin the separation sequence to start the long journey to the Martian surface. It was just after midnight at the Jet Propulsion Laboratory (JPL) in Pasadena, but as the probe was automated, no commands had been exchanged for some time. The onboard computer initiated a final round of systems checks. The explosives that joined the lander to the orbiter were armed…

    Anxious flight controllers, largely powerless at this distance, could only watch the time-delayed data as the onboard computers made their own decisions. At 00:00 onboard computers fired the pyrotechnics, separating the Viking lander, which soon fired its own braking thrusters to begin the slow fall out of Martian orbit. In the dusky skies above, the orbiter from which it had recently separated continued on its mission. Below spread the ruddy expanse of Mars: dusty, cold, unexplored…and in about three and a half increasingly turbulent hours, home.

    The Viking 1 lander, at ten feet wide by seven feet tall, was part of the largest and most expensive US unmanned mission to date. The orbiter, eight feet wide and ten tall, with a solar-panel span of thirty-two feet, shared the distinction. In a few weeks, Viking 2, a virtual twin, would arrive on Mars on an identical mission, but within a different landing zone on the opposite side of the planet.

    The people who had sent Viking to this dangerous rendezvous waited out the landing confirmation signal in tense quiet. Only the most necessary words were spoken. There was an eighteen-minute delay between Earth and Mars at this distance; whatever happened to Viking now would be of its own doing. Many scientists on this program estimated a 50-50 chance of success, even with two landers. It was, in essence, a blind landing on a rocky, undulating landscape.

    The Viking 1 lander was, for the first time in its short life, completely alone.

    The tiny craft plummeted into the thin Martian atmosphere at 10,000 mph, still firing its braking thrusters. These rockets were models of simplicity. The fuel was a monopropellant and needed no ignition source and no other chemical mixed with it to explode into thrust. Further, instead of using complex pumps to feed the engine, the propellants were pressurized by stored helium gas. There was little to go wrong once they fired.

    The lander was encased by a heat-resistant aeroshell, a dish-shaped structure that protected it from the heat of entry but also placed more demands upon its small digital brain. For as it plummeted through the upper reaches of the tenuous Martian atmosphere, Viking's computer was focused not just on a successful landing but also on conducting research in this wispy environment. Nothing is wasted in space exploration, and this early descent phase was no exception. As the computer labored to steer the craft, data began flowing in from sensors mounted on the aeroshell, providing data about charged particles surrounding the descending craft. Within the parade of arcane obsessions in the mind of the planetary scientist, understanding how the solar wind—high-energy particles streaming forth from the sun—interacts with the upper reaches of the Martian atmosphere is a thrill. The measurements now being recorded on the onboard tape drives should shed some light on this question. But Viking cared not; it simply stored the data for eventual delivery to Earth. Recording data was its raison d'être, and to this task it applied itself from its first moments.

    At about 180 miles in altitude, another instrument switched on: the mass spectrometer. This would measure the makeup of the upper atmosphere, analyzing the thin gasses present to provide a more detailed accounting of the “air” to augment the painstakingly gathered information already gleaned from Earth-bound telescopes. This first US spacecraft to enter another planet's atmosphere would accomplish multiple objectives, but primary among them was searching for one capable of supporting life as we understood it in 1976.

    At about sixty miles high, this group of instruments switched off and another set became active. These performed an elegant analysis of the pressure, density, and temperature of the lower atmosphere by measuring the slowing of the craft. It was a bit like a waltz with a nonexistent partner, where one's success is measured via self-observation rather than direct feedback from the surroundings. But it was enough.

    At about seventeen miles, the trajectory shifted: the aeroshell was sufficiently aerodynamic that it began to generate some lift, and Viking began to glide across the Martian sky. All this was by design; it was another way to scrub off excess velocity. Eventually, weight and drag took their toll and the craft began its steep descent once more.

    The continual hiss of the rockets was joined by the roar of the thickening atmosphere, which, while thin, would soon be enough for the single parachute, set to deploy at nineteen thousand feet, to slow the machine sufficiently to land in one piece. This slowing to a sane rate of descent would be aided by more rocket engines. These were ingeniously designed as three clusters of eighteen tiny nozzles that would provide adequate braking propulsion without disturbing the surface upon which it alighted. All this, plus the fanatical sterilization of the spacecraft, was critical to preserving the sanctity of the ground below. For this was central to its primary mission—the search for life.

    The onboard radar was scanning the ground, providing excellent data for range to the surface. What it was not providing was any idea of how rough that surface might be. The Viking team back on Earth had searched for the best landing place it could find with Mariner 6 and 7 photographic surveys, and later with results from Mariner 9, but it was barely better than a rough guess. At the Mariner 9 camera resolutions, the best images heretofore available, items smaller than the Rose Bowl were nearly invisible. Anything smaller than that had to be inferred from the analysis of surrounding terrain, and this was more alchemy than science, based on Earth-bound geological assumptions. Teams had agonized over these images for years. Then, data from the just-arrived Viking orbiter cameras resulted in more eleventh-hour angst about the landing area and a new site was selected at the last moment. Now all JPL controllers could do was aim the gun, close their eyes, and squeeze the trigger. In short, Viking was what lab folk later referred to as a BDL—a Big, Dumb Lander. Much of what happened from now on was based on luck. Viking could crash and mission control would be blissfully unaware until eighteen minutes after the fact, when the signal would simply vanish.

    Soon the lander unhooked from the parachute, now relying only on its tiny landing rockets to control the final descent. At three hundred feet up, low-level radar kicked in to give a last set of readings. At sixty feet, the computer worked to cancel any horizontal motion and the lander settled into a strictly downward mode. It would now land directly below, no matter what. So said the simple instructions burnt into its primitive memory, saved in tiny magnetic cores that lived at the intersection of minute, hair-thin wires. While brutishly dumb by today's standards (your toaster probably holds more data), it was an elegant and almost bombproof method of storing data.

    Slowly, Viking descended the final few feet. The rockets would not shut off until the lander made ground contact. But what lay below? The Viking lander had a scant 8.5 inches of ground clearance; any rock larger than that would likely end the mission. Falling in the weak gravity at a leisurely 6 mph, about the speed a person can walk, Viking 1 settled onto Chryse Planitia, Greek for “Golden Plain,” a large and relatively flat expanse not far from the Tharsis volcanic region.

    Touchdown. Silence returned to Mars. The Viking 1 lander was down, alive and well, after a 440,000,000-mile journey.

    The date was July 20, 1976, the seventh anniversary of the landing of Apollo 11 on the moon. It was the first US soft landing on another planet (a moon is a satellite), and the first probe to function for more than a minute on another planetary body (an earlier Soviet probe had landed, but failed upon touchdown).1 In fact, it would perform well beyond its builders' wildest expectations.

    As the lander began surface operations, the Viking orbiter continued overhead, entering a new phase of its own science program. Armed with high-resolution cameras, it continued its observations while also acting as a relay station between the lander below and Earth, a blue star barely visible over the horizon.

    Lander 1 went through a deliberate cycle of making sure that the descent engines and associated systems were shut down. It would not do to drip anything caustic or polluting onto the ground below. Hydrazine, the craft's volatile and corrosive fuel, would not be friendly to any microorganisms lurking about and would be a terrible way of saying hello. In fact, not so much as a microbe of Earth biota had been knowingly allowed to fester on Viking either; it had been baked, purged, and sterilized better than any surgeon's tool before launch. Nothing could be allowed to pollute the virgin Martian soil.2 As the engines were “safed,” the computer queried the navigation system, or inertial guidance unit. This simple system, while no longer needed for steering the craft, would help to supply altitude and directional information, so it was run for another five minutes. This information was critical to aiming the radio dish toward Earth, so the more accurate the data, the better.

    At the same time, the first postcard to home was being assembled. The Viking landers used a new type of imaging camera. Previous space probes had used state-of-the-art TV cameras, but at the time, the images were not up to what the designers had yearned for. For Viking, the camera stared upward into a mirror that swung vertically, “nodding” up and down. Between each nod the mirror would rotate a small amount. In this way, a series of strips were assembled over time, and these resulted in what was, for the day, a very high-resolution image. Two of these ingenious devices were mounted on each lander, allowing three-dimensional imaging, and the first job of the day was to send an image home.

    But this first snapshot of another planet was not to be a splendid panoramic of the landing area; rather, it was a somewhat mundane image of the nearest footpad. This would accomplish multiple goals instantaneously: the safety (or lack thereof) of the landing site would be demonstrated by the placement of the footpad. The amount of sinking into the sandy soil (properly called regolith, as the word soil implies life within) would be shown, and this, along with other measurements such as the amount of slowing at contact and the designed-in collapsing of the lander's legs upon touchdown would supply information about the compactibility of the ground. Remember, nothing is wasted in space exploration.

    Back on Earth, strips of the first picture from Mars began to come in. It was innocuous enough: a shot of footpad 3. If the probe had failed then and there, a lot of folks would have been very upset to have nothing more to show for the billion-dollar effort. But this shot was needed to ensure that the craft was stable. Cheers rang out at JPL and Caltech as the proof of a successful landing were made visible. But from Mars, the lander could not hear, nor would it have cared. It merely carried on in its eighteen kilobytes of programmed duties with dogged and ruthless determination.
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    Next on the lander's to-do list were the pyrotechnic events, known to most of us as explosions. In spaceflight, whether manned or unmanned, small explosives had long had a leading role. Then as now, they were used to separate the stages of rockets as they ascended away from Earth. They released spacecraft once in orbit. They opened and closed valves. And, in Viking's case, they were critical to beginning Mars-based activities. These are, by their nature, one-shot operations—as in, they work or they don't. Their duties included releasing safeties for the life-science experiments and opening the meteorology boom—an arm with instruments to measure wind speed, temperature, and the like. These performed without a hitch.

    Now a second photo was taken, and this was the money shot: the first picture of the horizon of Chryse Planitia. As the lander went about its business, breath was again held in mission control. What would we see? What did the surface of Mars look like at ground level? Remember that these were the days of rotary telephones, bias-ply tires, and such state-of-the-art things as The Eagles: Greatest Hits via vinyl records. An image from the surface of Mars was heady stuff. And with the Viking orbiter disappearing over the horizon in about twelve minutes, and with it, the best link to home, this had to be done now.

    Once again, Viking 1 did not disappoint. The first image, black and white but glorious nonetheless, slowly assembled, again, a strip at a time. The tension broke slightly as the first strip came in, but like a good mystery novel, Mars was only revealed a small bit at a time. The results were well worth the wait. After years of preparation, a billion dollars, and a journey of many times the 119 million miles then separating Earth from Mars, the first landscape was in. The data was still coming back long after the orbiter was out of touch, given the long transmission travel time across the vast darkness, and the lander went into a base-operation mode while out of communication.

    But the picture…oh, that second picture. It lacked color and was obscured on the bottom by various parts of the spacecraft. But there it was, in all its monochromatic glory: the horizon of Mars. Low, arid hills were off in the distance, and between the lander and those hills was an expanse of sharp, jagged rocks. Hundreds of them. And off to the right, dominating the horizon there, was the bright glow of the sun, unseen and above the frame. It was a dry, cloudless spectacle. For someone seeking the serenity of an English tea garden, or the Mars of Percival Lowell, it would not do. But for any human pining for a glimpse of another world, a world we could relate to, another planet to which we might one day travel, it was nirvana.

    Viking 1 was, however, oblivious to such human emotion. The outbursts and cheers from Earth remained unheard. It had a primary mission of just sixty days on the surface, with an extended mission target of 120. At that point, Mars would pass behind the sun and communication would be lost for weeks. And while controllers on Earth planned to “safe” the lander during this time, their confidence in reawakening the machine after this period was limited. But true to what would become JPL's legacy of performing near miracles with distant machines, the first lander operated successfully for well over six years. And the tale of its ultimate demise is not one of equipment failure, but of human error.

    With Viking's successful landing, there was now time—well over two months in the primary mission alone—to perform the tasks it was designed to do. The instructions came up from Earth in carefully coded batches, to be processed and executed in sequence. With mechanical exactitude, Viking 1 began its primary labors—taking color images of the surrounding surface, digging scoops of soil and dumping them carefully into small funnels that led to an onboard laboratory, and fulfilling its primary objective: the search for life on Mars.

    Just under two months later, on September 3, 1976, the Viking 2 lander settled gently onto Utopia Planitia, 4,200 miles away to the northeast. Humanity now had two outposts on Mars, and the exploration of the red planet began in earnest. Overhead, the Viking orbiters continued to chip away at their intense workload, snapping pictures and sending reams of data earthward. What they imaged and reported would change our understanding of Mars overnight: the Martian Renaissance had begun.
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    Viking had been planned from the start to search for extraterrestrial life—in this case, Martian microbial life. Toward this end, and after long and rigorous debate, a suite of investigative and highly portable experiments had been designed. Ingenious in their overall concept, simplicity, and execution, the suite was robust yet straightforward in its design.

    The life-science experiment could be thought of as a man locked in a windowless room. We, as outside observers, have no idea if anyone is inside. This room may have no windows and no doors, but it does have a fancy mass spectrometer affixed to the only air exit from the room (bear with me here), and we are monitoring the mass spectrometer. The man eats some Italian food, heavy on the garlic. After he finishes the meal, give it a few hours…he might even pop a few Tums®…but eventually, he will probably emit a satisfied burp. Since the room is sealed, eventually the vapor from his emissions will make its way to the spectrometer. It will sense the compounds in his gaseous outpouring, and via this we will know that there is a man in the room, and have some idea of what he ate (and then we'd best let him out, as the air is getting mighty thin and smells like garlic!).

    This, in simplistic terms, is how the Viking life-science experiment was intended to work. In reality it was much more complex. Now, imagine that a group of such rooms aboard the small spacecraft: the supply of Italian food and the instrumentation for four different experiments had to be reduced to a package far smaller than a cubic yard and weigh less than thirty-five pounds. That was the challenge facing the designers of Earth's first flying life-sciences lab.

    But before they could utilize their amazing machine, they had to decide where to land. Given that their only resources to date were fuzzy telescopic images and data from Mariners 4, 6, 7, and 9, they did not have a lot to go on. So the drama of landing-site selection is a story unto itself, for nobody wanted to be the one person responsible for sending this billion-dollar mission to a lander-wrecking Martian rock quarry.

    Mariner 4 had imaged scarcely 1 percent of the Martian surface…6 and 7 had added to that, performing detailed mapping of about 20 percent of the surface. But there were still vast regions of terra incognita (or perhaps more properly, Ares incognita) unseen and unmapped. Then Mariner 9 covered most of the planet at some level of quality, but mission planners could be not be entirely sure just what they were seeing, as the resolution was not very high; anything smaller than half a mile in size was invisible. It would be easy to miss a threat the size of a small city block: a huge crater, an enormous outcrop, or a rock-strewn field. And to make matters worse, there was one huge factor mission planners did not know: Mariner 9's pictures were not even as good as they thought.
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    When the dust storm that met that spacecraft settled, it was assumed that the images taken once the air cleared were the best that could be obtained by that camera. What the Viking planners could not know was that there was still an immense amount of dust in the air, softening every image they took. It was like having a silk stocking pulled over the orbiting camera lens, and the pictures were somewhat diffused. But to the folks on the ground, they looked just fine. Nobody would realize how degraded the images were until the Viking orbiters began shooting better pictures upon their arrival in 1976.

    Also in play were the primary goals of the mission: to examine the soil on Mars for life-forms or prelife organic compounds. This goal affected landing-site selection more than anything except for concern about a safe landing. Would they be more likely to find life near an old water-carved feature? Near the poles? Mars receives intense solar radiation, despite its distance from the sun, and there was concern about the sterilizing effects of this on the soil. And the sampler arm, miracle of engineering that it was, could barely scrape a few inches into the soil, so it could not dig deep to find buried (and therefore possibly protected) microbes. It was a thorny problem, and it shows a bit of insight into how every element of such a mission has the potential to explode into a huge debate. This element did.

    Leading up to the Viking landing-site decision, and after the demise of Mariner 9, the scientific community organized the “Planetary Patrol.” Working with observatories like Lowell Observatory in Flagstaff, endless observations of Mars were made and reams of data examined in an effort to track cloud formation, dust storms, and anything else that could be gleaned from the limited abilities of Earth-based observing.

    Viking planners were also hoping for images coming from the Soviet Union's planned missions for 1973. Between orbital and, perhaps, surface photography, the NASA people might be able to gather some more data for Viking's cause. But these flights failed as had their forebears, and little data was returned—nothing at all of value to the Viking team.1 The Americans would have to continue to stay the course alone.

    So another element was thrown into the fray: radar. Using the largest radio dishes in the world, capped by the huge dish at Arecibo, Puerto Rico (a natural crater with a radio dish built in) they bounced radio waves off targeted areas on Mars. It was just one more way of identifying smooth (and, therefore, presumed safe) areas on Mars for landing-site consideration.

    In the end, they would have to wait for images to come down from Viking's own orbiter cameras to make a final decision. This was cutting it close, but because the lander computers were somewhat reprogrammable, it was considered a worthwhile risk. Once the orbiters arrived at Mars in mid-1976, they immediately began sending back images of the surface below. And while they were spectacular, with resolution an order of magnitude better than Mariner 9's, there were a few surprises in store…not all pleasant ones.

    One of the early landing-site candidates, a region called Chryse, had been selected after years of debate over the Mariner 9 images. It was an apparently flat, safe plain. But when the Viking images came through, Chryse revealed itself to be a rough, heavily incised riverbed. Filled with islets, craters, and channels, this was not the bedsheet-smooth area they had gambled on. To make matters worse, previous photographs had led photogeologists to theorize that Mars did not have many smaller craters. They were wrong, so very wrong. Much like the moon, it was filled with pockmarks of all sizes, from tiny to immense. Everywhere they looked, there were dozens, then, as one got closer, hundreds of them—any one of which was capable of wrecking the small landers. Hearts sank when the complexity of the terrain became evident.

    In fact, this being the 1970s and with computers still an expensive luxury, a corps of graduate students over at Caltech (just a few miles from JPL) were pressed into service doing extensive “crater counts” from the Viking images in an effort to extrapolate what the nearby terrain might be like. It was an all-hands-on-deck effort.

    Soon, after vigorous debate, the landing area was moved to a nearby region known as Chryse Planitia (Golden Plain). But once the photographic determination had been made, the ongoing radar survey showed that this region too was more hazardous than thought. The debate raged on until the last few days before landing, when a decision was reached. Chryse Planitia would be Viking 1's landing spot.

    This left a decision to be made for the second lander. Site suggestions had ranged from the far side of the planet to the polar regions. And of course, once the macro decision was made for a region, the micro work began, attempting to assess the smaller dangers within. The area finally selected, through a similarly grueling process that lasted, again, until shortly before a commitment to landing, was Utopia Planitia (the Nowhere Plain), inside one of Mars's largest impact basins, and almost directly opposite Chryse Planitia on the other side of the planet.2

    The torturous selection process for landing sites was almost alchemy; as much intuition and kismet as science and fact. And much the same can be said about the design of the life-science experiments, Viking's raison d'être, to which we now return.

    One of the largest challenges facing the designers of the Viking life-science experiments was to determine what kind of life, what form of life, was relevant to seek out. How similar to terrestrial life-forms might any life on Mars be? This was the late 1960s/early 1970s, so the hardy life-forms that exist in places like the Atlantic seabed's hydrothermal vents had not yet been discovered and certain assumptions had to be made based on the state of the biosciences at the time.

    The final design of the life-science experiments all depended on organic compounds in presumably benign Martian soil reacting to something. That something could be heat, light, and/or nutrients. And while from today's perspective the Viking package looks almost quaint, for its time it was an amazing piece of compact engineering, and the fact that it performed the tests it did successfully, regardless of the results, is astounding.

    Each experiment within the suite had an individual container with associated heating elements and other apparatuses. Individual containers were fed soil from the sampler arm, which extended from the lander, scooped up some Martian dirt, then retracted and dumped the dirt into the experiment's container. It was all very high-tech for 1976. The experiments in question were:

    
    The Gas Chromatograph/Mass Spectrometer: This device would sort through elements within a vapor given off when the soil was heated and then specifically identify them via molecular weight.

    The Gas-Exchange experiment: This oven analyzed gases given off when a sample of Martian soil was “cooked” after having been fed a dose of chemical nutrients with water added. It looked for the hypothetically resulting metabolized gasses.

    The Labeled-Release experiment: This device fed a small amount of nutrients to a soil sample, which were “tagged” with radioactivity, in this case carbon 14. The device looked for the release of radioactive CO2 as a by-product of metabolization.

    The Pyrolitic-Release experiment: This also utilized carbon 14 to measure possible photosynthesis. Light and water were added to the C14-laced atmosphere inside the experimental container. A period of theoretical growth was allowed, then, after the Martian “air” was evacuated from the chamber, the sample was burned to see if any of the C14 had been retained through photosynthesis.

    
    Again, certain assumptions had to be made to move forward. One of them was the recipe for the liquid nutrients that were squirted into each of the experiments that needed them. The final solution used has often been described as a “chicken soup”-type fluid, the design of which was based on an Earth-based understanding of life. It was a noble effort. Other experiments used simple water.

    Once the Viking 1 lander had succeeded in reaching the Martian surface, its first tasks were to create two images and conclude whether it was safe enough to proceed with its research program. Then the life-science experiments, weather observing operations, and the rest would have begun. But concerns over successful communication with Earth, about twenty light-minutes away, had resulted in the onboard computer, a for-the-time advanced 18-kilobyte (18k) unit, being programmed in such a way that if there were a failure to communicate with Earth, the lander could operate automatically. It would theoretically complete its primary mission without ground intervention for almost a month, sending data one way toward Earth as it proceeded. Fortunately for all concerned, the communication link among the lander, the orbiter, and Earth worked fine, and the probe did not have to be self-directed.

    You might expect the first photograph from the lander to be of the dramatic, far-off Martian horizon. Indeed, many working on the mission would have agreed with you. But before the lander would image the horizon, JPL wanted to know what it was sitting on. After all, controllers had just experienced a three-hour-plus blind landing and were on the wrong end of a twenty-minute delay in receiving data. The first image would be not of the weathered Martian horizon, but of a footpad.

    And what an image it was! As previewed in chapter 1, the slow, strip-by-strip buildup of that first view of Mars was a suspenseful, thrilling moment. As the image was assembled on the giant video screen, one vertical strip at a time, it revealed pebbly, rocky soil, with a portion of the lander's footpad to the right.

    The next image was a better press moment: a 300-degree black and white panoramic of the horizon. While Chryse Planitia may not have been the most daring landing site, it was still a dense tapestry of rocks, sand, and typically Martian elements, and would give geologists sufficient data to argue over for years. The next day, a color image was sent, and earthlings finally saw Mars for what it is: a fantastically alien environment with hauntingly familiar elements. We know that it is not home, but we can imagine it as such.

    The early color images had problems, however; the sky appeared to be an earthly blue and the soil reddish-pink. Later, more highly corrected imagery shows a salmon sky and an orange-ish landscape. There is art as well as science in the discipline of planetary image manipulation, and it took those image-processing experts, pioneers in dealing with color images from space, a while to get it right.

    Unfortunately, JPL was under extreme pressure from the press to get the color images out. What should have taken a week of color calibration was done in hours, and the sky hues were off. When the corrected version was later presented with a properly adjusted pink sky, the press corps booed. Some asked, tongue firmly planted in cheek, if the sky might be green tomorrow. It seemed that there was a strong desire to see Mars with a sky much like Earth's; not some alien tone of pink.

    The scientists were dumbstruck. It had never occurred to anyone involved how important the images from Mars would be to people at large, nor the intensity of the emotional reaction to them. It was a PR lesson well learned that would pay off in later missions to the Red Planet.

    During these early phases of the Viking lander's mission, a meteorology boom had also been extended, and it began what would be over six years of Martian weather reports. The suite of instrumentation was designed to track the minutest qualities of the Martian day and night.

    The values of the Martian atmosphere were confirmed: quite thin, at about 0.09 pounds per square inch (PSI) (compared to Earth's 14 PSI). This thin veil is composed mostly of carbon dioxide.

    Lacking the weather-altering influence of oceans, or indeed any standing water, Martian weather turned out to be fairly predictable. The average temperature was -67°F, with a rare high of about +70°F and an equally rare low of -250°F (at the poles). Viking was able to measure much of this variation over a span of years, yielding very consistent results. At the lander's location in Chryse Planitia, the range was a comparatively moderate -22 to -139°F.

    The thin Martian air changes temperature quickly when exposed to the sun, and with no oceans to break up the vast deserts, the resultant winds can be fierce. And these often become raging dust storms dwarfing any in the solar system, as witnessed by Mariner 9. Wind speeds measured by the Viking landers averaged about 10 mph and peaked at about 70 mph, though much higher speeds have been hypothesized for other parts of the planet. But with the very slight density of the atmosphere, the effects of even these high winds are much less than an equivalent speed on Earth—about a tenth as much.

    Nonetheless, despite the low impact of these winds, it was a challenge when the Viking landers had to sit out a series of three global dust storms over their span of operations. The grit wrought havoc with the mechanical and optical systems. But both landers soldiered on, and the data they returned to Earth advanced our understanding of Mars one thousandfold.

    Things with the Viking 1 lander were going swimmingly. Then the first gremlin took hold: the seismometer, designed to detect “Marsquakes,” was not working. The mechanism that had been intended to protect it during the violent assault of launch was still working, and too well. The detector was stuck in the safe position and was not responding to ground movement. As it turned out, a pyrotechnic device intended to disengage the retaining pin had not fired, and it remained in the launch configuration, which was useless on the ground. They could only hope that the Viking 2 lander did not repeat the trouble. It did not, and while it later provided for only one data point instead of the hoped-for two, the information gleaned from it was invaluable in evaluating the inner structure of the planet.

    Then, on the third day, a problem that would be familiar to a later generation of Mars engineers cropped up: the lander began to think for itself—to rebel. The UHF transmitter, its sole link to Earth, was designed to operate in three power settings: one watt, ten watts, and thirty watts. For some inexplicable reason, it arbitrarily switched from thirty watts, its most powerful and effective setting, to a feeble one watt. The lander was getting bratty. The next morning, in keeping with the toddler analogy, it spontaneously switched back to thirty watts. After a few more tantrums, the transmitter stayed in the high-power mode until shortly before the end of the primary mission phase, when ground controllers reset it down to the ten-watt setting to conserve power. The ghost in the machine was silent…but only for a moment.

    Soon the sampler arm, which was the only way to feed soil to the life-science experiments, became stuck. This ingenious device extended from just a few feet stowed to about ten feet extended.3 It had been run out to nearly its full length to grab a sample, and then…it stopped. The worst nightmare of unmanned surface exploration of another world had just arrived. One of those little problems, an occurrence that could be solved by one single, swift kick to the lander, were someone there to do so, had taken hold.

    The arm would not budge.

    It didn't take long to assess the problem. A locking pin that was designed to fall out once the arm was deployed had not done so. Working with a twin of the Viking lander not far from the control room in Pasadena, technicians were able to duplicate the problem and come up with a solution. A few days later, all was ready. The command was uplinked; twenty minutes later, it arrived on Mars and was scheduled to be executed. The wait was excruciating. Eventually, images returned from the Viking cameras showed a pin-free sampler arm moving as designed. The mission went forward.

    On July 28, eight days after arriving, Viking 1 reached out to grab some red soil. It was much slower than it sounds; these things are done with great caution and delicacy. The dirt was slowly winched back as the arm retracted and swung over the lander to deliver it to the experiments on board. But there was, of course, another problem. One of the experiments, the Gas Chromatograph/Mass Spectrometer, did not send a signal confirming delivery of a sample. On Earth, groans all around. There were a number of reasons it might have indicated failure: there might not have been enough soil to fill all the instruments, or it might be hung up in the feed trough, or the sample indicator might be faulty, or…or…

    And there was a larger problem: each of these experiments was a one-shot deal. Once filled, they could not be emptied. So if they fired up the GCMS oven, and it was empty, they would have wasted one of the chambers on nothing but thin Martian air. The final decision was to try again, and dump some more soil into the chamber in question. That would solve the problem either way; it would fill for sure!

    Then the sample arm jammed again. Oh, the thing had gotten some soil and begun to retract, but had stopped short of delivering the sample. Furthermore, it appeared to be unable to do any more work at all. This was not good.

    After studying the problem on a ground-based twin of the lander, technicians saw that the arm, as it flattened into a metal ribbon, tended to kink-up under certain conditions. The incredibly ingenious design of the arm was its downfall. While the boom looked like a chrome pipe, it was actually constructed of a spring steel, not unlike a metal tape-measure. So, when retracted, the entire boom was wound onto a drum, flat like a ribbon. As it extended, it sprung back into shape as a tube and became rigid.

    They went back to the control room. A new set of commands were issued, carefully designed (a) to give the thing plenty of time to operate, slowly, and (b) to operate only in a specified temperature range (to avoid extreme cold), and (c) to pace the commands in such a way that the motor was given a chance to operate in the most reliable fashion. To everyone's relief, it worked (and later in the mission the temperature restrictions were removed, without drama). Finally, the samples they had so coveted were delivered where they needed to go. It was time for Viking to fulfill its destiny: to determine if life, or at least organic compounds, existed on Mars.

    Of course, this operation bumped up once again against the basic assumptions and philosophy of the mission designers. While everyone involved knew that looking in two fixed sites on a planet the size of Mars, grabbing random samples, and expecting to find something alive was a long shot, the press was not so shy. Expectations were high, and the pressure was immense.

    With soil delivered, the devices were triggered. Nutrients were squirted, water added, ovens fired, and measurements taken; all with the greatest of care. What would the result be?

    The soil samples were baking, the machines measuring. These samples had be selected with the greatest of care, as scientists would analyze images from the lander of surrounding terrain, pick an area, and carefully scoop up some soil. They even had the arm push a rock or two aside to expose “virgin” soil beneath, relatively unaffected by the sun and wind, and took a sample from there. It was painstaking work, and the science team was understandably anxious. Optimism on the part of these people ran the gamut from “I think we will find something” to “I feel it extremely unlikely…” (note the profound reserve inherent in the statements). But in their hearts, all those involved wanted the same thing: a strong indication of some kind of biological activity.

    And then, faster than anyone anticipated, results were in. The signs of life were bubbling up inside the ovens and wetted sample containers. It seemed almost too good to be true!

    There were, you will recall, three life-science experiments (the fourth such device, the Gas Chromatograph/Mass Spectrometer, was actually proficient at finding any organic materials, living or not). First, the Gas-Exchange experiment would indicate signs of living metabolism if microbes in the sample were flourishing inside its container and the enclosed environs. Second, the Labeled-Release experiment would measure decomposed organic waste if the microbes fed on the nutrient solution added to the sample. Third, the Pyrolitic-Release experiment would detect gases released from any synthesis of organic compounds in the soil.

    And just like that, in that order, the dominoes fell. The Gas-Exchange experiment showed a buildup in pressure, a sign of activity within. Then the Labeled-Release experiment demonstrated a radioactive signal, seeming to indicate that something in the soil had metabolized and released the radioactively labeled gas. Finally, the Pyrolitic-Release experiment gave readings as well. The problem was that the readings from the experiments were not quite right. They ascended too quickly, and then decayed in an odd set of timings. Whatever was in the soil was responding all right, but not in the way predicted. It could be life, or…

    After much head scratching, soul searching, and in-the-trenches analysis, a less appealing picture emerged. The final straw was that the gas chromatograph had not demonstrated anything organic in the release. It appeared that some kind of raw chemical reaction was taking place and mimicking life. All indications were that there was some kind of nasty oxidant in the soil (which was later confirmed to be a high level of perchlorate), which was reacting with elements of the experiments to provide false and misleading readings. Of course, not being there to look more closely, and to take samples into the lab and work them over with more sophisticated equipment, team members could only guess.

    The team split into the “life” and “soil-chemistry” camps, with ill-defined lines between them. Some seemed certain; more straddled the divide. To
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“Destination Mars brings to life an extraordinary part of human exploration—the
preliminary reconnaissance of the planet of dreams over the last fifty years. Enlivened
‘by interviews with many of the participants, Destination Mars makes you feel as if you
are exploring the planet with them."

STEVEN J. DICK

Former NASA chief historian

“The enigmatic Red Planet does not easily give up its secrets. Yet Destination Mars takes
the reader on a first-class journey to this new world, one that continues to be amagnet
for inquisitive scientists and space engineers. This is a superb, fact-filled, up-to-date
book that portrays the legacy of spacecraft and personalities—from cheerleaders.to™
unsung heroes—that have opened up the terra incognito that is Mars to extraordinary.
exploration.”

LEONARD DAVID
Space Insider columnist, SPACE.com

“Mars has long held a special fascination for Americans, perhaps it might even be a

planet that harbors life. Rod Pyle has written a fine account of this fascination, outlining

the history of the robotic space probes sent to the Red Planet and the knowledge .
gained through these expeditions.”

ROGER D. LAUNIUS

Senior curator, Division of Space History,

National Air and Space Museum, Smithsonian Institution

“[Aln optimistic, enthusiastic survey of humanity's ongoing duel of wits with our
neighbor planet. Interviews with some of the people involved in Mars missions show
the thread of curiosity and wonder connecting the Mars exploration projects of the
last fifty years. Getting to Mars has been really difficult, but for Rod Pyle the problems *
just make it more interesting and worthwhile.”
: STEPHEN FENTRESS

Director, Strasenburgh Planetarium, Rochester Museum & Science Center

ROD PYLE is the author of the widely praised books Destination Moon and Missions to

" the Moon, as well as the popular audiobook In Their Own Words: The Space Race. He has
written and produced numerous documentaries for the History Channel and Discovery
Communications, including the acclaimed Modern Marvels: Apollo 11 and Mars: 100 Years
of Discovery. Pyle has been an assistant professor at the University of La Verne, California,
and frequently lectures at NASA's Johnson Space Center in Houston,
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Figure 1.1. FOOTPAD: This very first image from the surface of Mars shows
one of Viking 1's footpads planted securely on the surface. It was important
to mission managers to know how well placed the craft was. Courtesy of
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Figure 10.1. LOOKING FOR LIFE:
The Viking life-science experi-
ment was a small unit that
incorporated four separate
experiments, very advanced for
the time, in a package
weighing less than thirty-five
pounds. Had the soil conditions
been different, and there been
something there to find, it
probably would have worked.
Some believe to this day that it
did. Courtesy of NASA/JPL.
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