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PRAISE FOR THE VERY FIRST LIGHT


“The book is clear, briskly paced and fun to read. It follows the evolution of the COBE mission, interspersed with historical asides and clear, nontechnical descriptions of the science. It is a page turner for those who want to understand how big science is done. . . . a more thoughtful and accurate account would be difficult to imagine.” —Physics Today


 



“The very best and most edifying description I have seen of how to do big science.” —P. J. E. Peebles, Princeton University


 



“The Very First Light is more about human triumphs than human failings. It is the story of an unforgettable journey back to the very moment of the creation of the universe.” —New Scientist


 



“[A]n appealing book, with vivid descriptions of how administrators, scientists and engineers combined to carry off a marvelous success.”


—Nature


 



“A detailed and fascinating blow-by-blow personal view of the history of COBE. It is a must read for all those interested in the history and sociology of science.” —Ralph A. Alpher and Robert Herman, the theorists who originally predicted Cosmic Background Radiation


 



“Clear, revealing, and personal . . . Mather and Boslough deserve a standing ovation for this book, which intertwines the history of the Universe, the history of our studies of the cosmos, and the often prickly history of the COBE satellite and its astonishing findings.” —R. B. Partridge, Chair, Department of Physics, Haverford College


 



“This lucid, gracefully written narrative combines a suspenseful account of how the COBE team overcame technical and bureaucratic obstacles with a concise survey of modern cosmology from Edwin Hubble to Stephen Hawking.” —Publishers Weekly


“A compelling account of a headline-making discovery, and the human stories behind it.” —Arno Penzias, Nobel Laureate in Physics, author of  Harmony and Ideas and Information


 



“Those who want the complete history of COBE and its observations of the [cosmic background radion] will want to read The Very First Light, which effectively describes how it felt to be at the center of the greatest effort in observational cosmology of the late 20th century.”


—Scientific American


 



“This book is wonderful reading.” —Library Journal


 



“Mather’s portrayal of COBE’s technical beginnings and achievement should entrance all readers interested in space technology and cosmology.”


—Booklist


 



“This interesting insider’s view involves both personalities and science. It shows both the pleasures and fights involved in one of science’s most important discoveries ever.” —Jay M. Pasachoff, Chair, Department of Astronomy; Director, Hopkins Observatory, Williams College
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The old men used to study the stars very carefully and in this way could tell when each season began. They would meet in the ceremonial house and argue about the time certain stars would appear, and would often gamble about it. This was a very important matter.


—CAHUILLA (California) Indian story


 



 



 



 



 



The most beautiful experience we can have is the Mysterious. It is the fundamental emotion which stands at the cradle of true art and true science.


—ALBERT EINSTEIN (The World as I See It)



 



 



 



 



 



When a man has a certain fantasy, another man may lose his life, or a bridge is built. . . . Everything you do here—all this, everything, was a fantasy to begin with, and fantasy has a proper reality. That is not to be forgotten; fantasy is not nothing. It is, of course, not a tangible object; but it is a fact, nevertheless.


—CARL JUNG, in an interview with Richard Evans in Jung on Elementary Psychology
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PREFACE

This universe is not hostile, nor yet is it friendly. It is simply indifferent.

—JOHN H. HOLMES, THE SENSIBLE MAN’S VIEW OF RELIGION


 



 



 




ON APRIL 23, 1992, shortly after 8:00 A.M., members of a National Aeronautics and Space Administration team walked into a ballroom at the Ramada Renaissance Hotel-Techworld in Washington, D.C. There they first revealed to the world findings made by a remarkable satellite called the Cosmic Background Explorer, or COBE. The announcement—that the satellite’s orbiting instruments had detected tiny variations in the cosmic background radiation—electrified the global cosmological community, and drew headlines around the world. Many astrophysicists believed that the discovery confirmed the reigning cosmological model, the Big Bang theory, beyond the shadow of a doubt, perhaps solving the mystery of the universe’s origin once and for all. Stephen Hawking, the Cambridge University theorist and best-selling author of A Brief History of Time, was the most effusive of all: “It is the discovery of the century, if not of all time.”

High praise, indeed. The reason for Hawking’s exuberance was that the COBE discovery had gone right to the heart of cosmology, the science that seeks to explain the very origin and structure of the universe. Did the universe begin at a specific point in time, or has it always existed? For thousands of years most scientists regarded this question as one beyond their concern, lying within the metaphysical realms of philosophers or theologians. Not until the middle of this century did physicists and astronomers begin acquiring theories powerful enough and experimental equipment sensitive enough to begin addressing the problem. COBE had shown emphatically that the universe is not static, but has changed remarkably over time.

In January 1993, John Mather, COBE’s project scientist, announced more startling news sent back to Earth by the COBE satellite. The latest data showed that at least 99.97 percent of the early radiant energy of the universe  was released within the first year after the Big Bang itself. The new COBE discovery—in the form of hundreds of millions of measurements—severely limited the size of “aftershocks” that might have followed the Big Bang, making it unlikely that there were many “little bangs,” as some theories have suggested. “The closer we examine the Big Bang the simpler the picture gets,” John Mather explained in a press release accompanying the announcement. Taken by an instrument specially designed to receive energy directly from the Big Bang itself, the data provided the closest scientific look ever at the moment of creation. As the years pass, COBE’s findings will be studied and analyzed intensely. Our understanding of how the universe was created and how it evolved surely will be enhanced; at the same time, new constraints might have to be placed on existing theories purporting to explain the structure of today’s universe.

Although there had been earlier important antecedents, COBE’s story really began in 1964. That year Robert W. Wilson and Arno A. Penzias of Bell Laboratories, while trying to eliminate microwave noise from an antenna designed to pick up satellite signals, discovered a phenomenon known as the cosmic background radiation. The radiation suffused the sky in every direction at microwave frequencies, and came to be widely regarded as the afterglow of the Big Bang. In the aftermath of this discovery, cosmology became an empirical science. During the 1970s and 1980s, more sophisticated equipment refined the measurements of the cosmic background at different frequencies. But a major puzzle remained unsolved throughout these years: The microwave background seemed too smooth. It lacked the slight variations in temperature and, by implication, in density that appeared needed to seed the gravitational clumping we see in the later universe. Without such seeding, cosmologists believed, there would have been insufficient time to produce the galaxies and immense clusters of galaxies being observed in the universe today.

Enter COBE—or at least the first glimmer of an idea for it. In the early 1970s, while completing graduate work in physics at the University of California at Berkeley, John Mather participated in a difficult experiment that helped establish the spectrum of the cosmic background radiation. In 1974 he responded to a call from NASA for proposals of scientific experiments that could be carried into orbit by a Scout or Delta rocket, gathered a team of seven scientists, and sketched out a rough diagram for a satellite. This early design featured all three of the experiments that eventually were carried into orbit by the COBE satellite. Over time, NASA added researchers to the original team, including George Smoot, then at Berkeley, and Samuel Gulkis at the Jet Propulsion Laboratory in Pasadena, while others dropped out. But the three experiments—each consisting of a specialized instrument—remained the heart of COBE.

The three instruments exceeded all expectations. Few people, including scientists, may realize, however, that by the time COBE scientists began making their series of announcements, many team members had been working full-time on the project for nearly two decades, some devoting their entire working lives to it and staking their careers on its success or failure. This book is not only an insider’s account of the COBE mission, along with its many technological and bureaucratic tribulations during the 1980s (including the horrifying explosion of the Challenger space shuttle). It is also the story of the dramatic and serendipitous discovery of the cosmic background radiation itself, told in a new light, and of how that discovery led to the modern era of cosmological investigation.

Since science is not a cut-and-dried endeavor, but one deeply dependent on the hopes and dreams of the people who pursue it, in this book we tell the story of some of those people: how and why they came to practice science, how scientific credit—the driving force behind scientific endeavor—is dispensed, sometimes haphazardly, and how people react when that credit is given or withheld. Careers were established while some endured bitter disappointment as the result of a still lingering controversy over who deserves scientific credit for the discovery of the cosmic background radiation. Often, we will see, the path to the truth is convoluted, with no clear answer emerging.

Nearly a quarter of a century after the discovery of the cosmic background radiation, the COBE team found itself embroiled in a new controversy over scientific credit. Most COBE scientists believed that over the project’s lifetime they were part of a genuinely amiable, cohesive, well-oiled team. Yet as the time came for the team to announce to the world the stunning data its spacecraft had sent back to Earth and it became apparent how eagerly that news would be received, one team member broke ranks and stepped into the limelight alone. How that unfortunate series of events played out is an important part of the COBE story.

It is worth noting that a few cosmologists, certainly a minority, feel that the COBE discoveries had little to do with the origin of the universe. One that should be mentioned because of his diametrically opposite view and because of his stature in the scientific community is the late Swedish Nobel  laureate Hannes Alfvén. For the last years of his life Alfvén led a vocal minority maintaining that the universe has always existed—no Big Bang required—and that it has been shaped more by electromagnetic currents than by gravity. In Alfvén’s scenario, the microwave background is caused by the continuous emission of electrons circling in magnetic fields jetting out from billions of galaxies. The microwave background is thus a sort of radiation fog whispering through the cosmos, and the temperature irregularities discovered by COBE are only to be expected. A few other physicists such as J. Anthony Tyson at AT&T’s Bell Laboratories thought still another kind of mechanism—maybe black holes—could account for cosmic structure. Lawrence M. Krauss and Martin White of Yale have argued that the variations in the cosmic microwave background could be just an expected consequence of Albert Einstein’s theory of relativity, which is that the distortions could be caused by gravitational waves. Indeed, the COBE results provide the best answer to such speculations.

Still, most cosmologists believe that COBE has improved our knowledge of the universe many times over, and that its satellite successors, now in planning, will continue to do so. Indeed, we have high hopes that COBE data still being analyzed as well as data from future satellites will startle us anew with more dramatic information from the dawn of time. If so, that would renew the debate about the most fundamental question of all, “Where do we come from?” After all, we are all cosmologists staring out at eternity from a small corner of the universe with the hope that at last we are beginning to understand it.

 



 



THIS BOOK GREW OUT OF a pleasant afternoon discussion in 1992 between the co-authors at NASA’s Goddard Space Flight Center in Greenbelt, Maryland. It by no means tells the full COBE story, which at the project’s peak involved more than 1,500 hardworking individuals and is so rich in untold, and undoubtedly never to be told, incidents of individual effort at unknown crucial junctures that no single volume could include it all. The authors apologize to those many fine engineers, lab technicians, support staff members, NASA officials, and others whose names do not appear in the text. COBE would never have flown its journey of discovery out into the universe without your enthusiasm and excellent work.

We decided to tell the story of COBE from the first-person perspective of John Mather, who initiated the project with a proposal to NASA in 1974 and  two years later became COBE’s study scientist and then project scientist, or scientific leader; he has spent his entire working life on the project and was directly involved with it from start to finish. For those parts of the story relating to either COBE or the history of the cosmic background radiation in which John Mather was not present, we have relied on third-person accounts.






PART I

A Day Without Yesterday





1

Better Is the Enemy

We will end up where we are going if we do not change direction.

—CHINESE PROVERB, 6TH CENTURY B.C.

 



 




VANDENBERG AIR FORCE BASE perches strategically above the Pacific Ocean like a giant condor guarding its aerie, its 153 square miles of desert and mountains not particularly inviting. An old army camp dating from before World War II, it had once been called Camp Cook but had been renamed in honor of an Air Force chief of staff. Signs along the base’s 35 miles of coastline warn visitors away from unpredictable riptides and crumbling cliffs. Elsewhere you are advised not to pick up or take home as a souvenir any “suspicious object,” which could be an unexploded bomb. With this sense of past and present danger all around and with its barren landscape, Vandenberg gives the impression that it is a kind of national park or wilderness refuge in reverse—which is more or less what it was when it was used as a prisoner-of-war camp during World War II.

Vandenberg serves today as the West Coast site for launching military satellites into the pole-encircling orbits that provide the best vantage for observing Russia. Since the early 1960s approximately 1,700 rockets have been fired into the sky from the base’s dozen or so widely separated launch pads, a few within half a mile or so of the surf pounding the coast. Almost every rocket from the base is launched south over this coast. If one blows up, it plops harmlessly—although not inexpensively—into the Pacific. Vandenberg also launches scientific satellites requiring a polar orbit. Along with numerous colleagues from around the country, I was deeply involved in the design and construction of such a satellite for fifteen years. The moment of truth had arrived at last: Our satellite was scheduled to be launched early Saturday morning, November 18, 1989.

I went out to Vandenberg a week early to help review last-minute preparations. The countryside as I drove up the final few miles from Santa Barbara  was desolate but lovely: deeply eroded, silvery hillsides bristling with patches of scrub brush and live oak. Lompoc is a little community at Vandenberg’s south gate. With friendly shops and restaurants along an old-fashioned Main Street and tree-lined residential avenues, the town of 38,000 exists mainly to serve the rocket base. I was delighted by what I saw. And smelled. Lompoc is the center of a flower-farming district, and there were huge fields of flowers everywhere even in late autumn. After checking into the Porto Finale Inn, I drove over to the base.

Along with its extensive launch facilities, Vandenberg contains an off-limits intercontinental ballistics missile range that was on constant alert during the cold war years. I drove to launch site SLC-2W, an immense building that looked like a hangar at least ten stories tall in the midst of a barren desert landscape with hills and mountains in the distance. Members of our team who had been there for several months offered me a cook’s tour. Inside was an unforgettable sight. Surrounded by a web of steel girders was a Delta Rocket type 5920, 116 feet tall and marvelously beautiful to my eyes despite its many welded patches. Others on the team were less certain of its beauty.

Although I had worked as a scientist for the National Aeronautics and Space Administration for nearly fifteen years, this was my first launch. My previous experience was limited to the gleaming white rockets we’ve all seen on television when the space shuttles or the Apollo expeditions to the Moon were fired into the sky. This rocket had been put together from spare parts from other Deltas. Some of the pieces had been left outside for years and pigeons had defecated on them, the caustic material creating holes in the aluminum. These had been patched here and there with welded sheets of aluminum, making the Delta look a little less than pristine. Yet the sight was not especially worrisome. Engineers from McDonnell Douglas, the company that managed most of the facilities at Vandenberg, had assembled the rocket and would launch it under NASA supervision. I had the utmost faith in them, knowing they were seasoned professionals and realizing that the success or failure of the project was now in their hands and well out of mine. They had already launched nearly 200 Deltas with only 4 failures.

A few days later, one of the engineers escorted me and a few scientific colleagues—Mike Hauser, Nancy Boggess, Ralph Alpher, and Robert Herman—up the gantry elevator. The overriding sense was of danger—not from the height but from the fact that the rocket would be packed full of a frightening amount of explosives. There would be more than 200 tons of liquid fuel for the main engine at launch and powerful solid fuel in the booster rockets. It was impossible not to imagine what it would be like to be an astronaut sitting atop such a stack of explosives waiting to be launched into space. The thought was irrationally terrifying, although it was obvious that this was a matter of routine by now, sixty-three years after Robert Goddard had first tried to launch a small rocket in a field.

The elevator stopped. The sum total of what many of us had invested our entire working lives in was encased within a protective aluminum shroud on top of the Delta. The Cosmic Background Explorer had been shipped the month before from Andrews Air Force Base near Washington, D.C. Many of us who had worked on it believed it had the potential to become one of the most scientifically fruitful unmanned missions of the space age. But now, during its final preparations for launch, the COBE (rhymes with “Moby”) looked surprisingly mundane. The size of a small truck, it weighed two and a half tons. Its three solar panels, which would be opened in orbit, were folded neatly along its sides, as was the thermal/RF shield. It looked as though it were getting ready to go to work.

Once in orbit, the COBE’s job would be to scan the sky and send back 4,096 bits of data per second that we believed would advance—greatly advance, many of us hoped—one of the most exciting scientific endeavors of the twentieth century: the quest to understand how the universe began and how it has evolved since. That humans could even contemplate supplying answers to such questions filled me with awe. And yet looking at COBE bolted onto the Delta rocket, I thought mostly of the 5 million people-hours that had gone into its construction, the hundreds of millions of dollars expended on it, and the 1,600 people at NASA’s Goddard Space Flight Center and around the country who had worked on it. Although Deltas had failed, the rocket’s success rate was 98 percent—one of the best launch vehicles in the world, NASA rocket experts had assured members of our scientific team. Still, unlike the rockets used for manned missions to space, it was a mostly nonredundant vehicle. It had only one of everything: one on-board computer, one tracking system, one electronic system, and so on. Would our Delta hold together under the tremendous stress of the launch? In the previous few years there had been several major launch explosions, including a Titan, a Delta like ours, and even the Challenger. I wondered what the fates had in store for us.

Nancy Boggess, an astronomer from Goddard and a fellow member of the science team that had conceived COBE and directed its development, had also arrived early at Vandenberg. For the next few days we attended  review sessions of each of the many complicated systems of the Delta and the Cosmic Background Explorer with the engineers and technicians who would launch it: the main engines and the nine solid-fuel booster rockets that would propel COBE into orbit, the fuel systems, the telemetry, and the tracking equipment. At the conclusion of the reviews we met with the engineers. Although it was impossible to prove that everything was 100 percent ready, I recalled a phrase engineers liked to cite: “Better is the enemy of good.” It had impressed me enough to look it up; it was from Voltaire.a


I agreed with the engineers and technicians that everything looked “good enough” to go. There really wasn’t any way to worry creatively about something so enormous. We had done everything we could.

A day or two before the launch, other members of our science team began arriving. George Smoot, the principal investigator for one of the three experiments aboard COBE, drove down from Berkeley. Sam Gulkis and Mike Janssen came up from the Jet Propulsion Laboratory in Pasadena, Ned Wright from UCLA, Rainer Weiss from MIT. There was Dave Wilkinson from Princeton, along with Mike Hauser of Goddard, another principal investigator, all the other science team members, and many other colleagues from Goddard. Unfortunately, many of the major players couldn’t attend the launch because they remained back at Goddard ready to begin operating the spacecraft right after launch. The media began appearing, along with hundreds of invited guests. My wife, Jane, and her mother, Anne, drove up from Santa Barbara.

We held a press conference at the hotel the afternoon before the launch. More than 100 NASA staffers and colleagues, newspaper and television reporters, and guests attended. McDonnell Douglas official Don Tutweiler went over details of the launch, reassuring everybody that it would go off without a hitch. As project scientist, I briefly explained the purpose of the mission. Two physicists in their sixties, Ralph Alpher and Robert Herman, also spoke. Forty-one years earlier, working with George Gamow, they had made a scientific prediction about the birth of the universe that helped lead to COBE’s mission into space. This prediction, which had been accurate, as later events were to show, was that a phenomenon known as the cosmic background radiation—a type of microwave energy—fills the entire universe. We were going to measure it extraordinarily well, if everything went off as planned.

Most astronomers and cosmologists now regard this microwave radiation suffusing the sky in every direction as the afterglow of the Big Bang. According to this theoretical model, the universe evolved billions of years ago from a state so hot and dense that only radiation and elementary particles could have existed. Although the Big Bang is loosely described as the beginning of the universe, or even as a creation event, that has never been a satisfying picture for me. I would like to know what happened before that. Physics has no words to describe creation from nothing, but describes only the transformation of one substance into another. Impossible as it may seem, there is real hope of understanding the Big Bang in terms of even more exotic but probably yet unknown laws of physics. To do our part, we had designed the COBE to carry three sophisticated scientific instruments to make sensitive measurements of the radiation from the early universe that still remains. We hoped the data sent back from the COBE would help answer the most fundamental questions: What were the conditions like when the universe “began”? How did it become the universe we live in today?

Alpher and Herman were delighted to have been invited. They had believed for years that they had not been given adequate credit for their prediction. In speaking at the press conference, they felt their work at last was being acknowledged in a public forum. Alpher gave a brief synopsis in lay terms of the development of their work back in the 1940s, then explained how scientific ideas about the origin of the universe had evolved since then. He praised the COBE as a “marvelous instrument that we hope will provide the most accurate information we have ever taken about the origin of the cosmos.”

That night several of us drove over to the small town of Santa Maria, where we attended a dinner meeting of science teachers. Larry Caroff of NASA Headquarters in Washington, D.C., spoke, saying he believed the observations taken by the satellite would “give us an unbelievable view of the universe. We’ll see things nobody’s imagined. This could shake up the world of science.” Don Tutweiler, the project manager for the Delta at McDonnell Douglas, gave a wonderful talk about the launch itself. He explained how the engineers would have to “gently back the rocket off from the COBE at 18,000 miles per hour because these scientists over here are worried that we might damage their satellite.” I spoke at some length to explain the scientific importance of what we were attempting, and to help the teachers explain the concepts to their students.

The launch was scheduled for before dawn the next morning. We were to awaken at three o’clock, and tried to get to bed early without success. After  what was probably for most of us an almost sleepless night, we were picked up by buses that took us out in the predawn darkness to observing sites scattered around the launch pad. Nearly two thousand invited guests, the largest turnout in Vandenberg history, would witness the spectacle. The viewing area for the press—where about fifty of us were taken—was a hillside a mile or two from the launchpad.

At that distance the Delta, powerfully illuminated in the early morning darkness, was only about the height of a fingernail at arm’s length. Coffee and doughnuts were served from an old trailer as we huddled under a few light-bulbs strung from short wooden poles, trying to stay warm in the early morning cold. In the group were Alpher and Herman and my former doctoral thesis adviser at the University of California at Berkeley, Paul Richards.

Shortly before, launch engineers had replaced the Delta’s faltering on-board computer with a new one. We had no Plan B in the event the rocket exploded. There had been some talk from NASA Headquarters of building another COBE if this occurred, but we had not formalized such an idea: I would have considered it bad luck and a waste of effort anyway. In any event, I had little time for such contemplation. I was too busy talking with newspaper and television reporters, spending most of my time with David Oyster, a producer for a PBS series called “The Astronomers.”

Although we were scarcely aware of it, the countdown had begun. Weather balloons already had been sent aloft to test high-altitude winds. They indicated that upper-air wind shear was too great, and the countdown was halted. More balloons were launched. We waited and waited. The countdown resumed, and there was relief all around. The launch window, the period during which the rocket could be fired in order for the COBE to be placed in the proper polar orbit, was only about thirty minutes long.

With little warning, a great flash of light lit up the sky. The 440,000 pounds of rocket began lifting off at what seemed to me an agonizingly slow rate. We could hear nothing. Sound waves never seemed to travel so slowly. The silence of the Delta’s ascent into the black sky was eerie, almost frightening. Sound waves from the blast had been suppressed by thousands of gallons of water pumped rapidly through a concrete channel directly beneath the rocket. This standard launch procedure was designed to prevent powerful vibrations from traveling upward and damaging the rocket as it rose.

By the time we heard—and felt—the blast from the launch, the rocket was traveling nearly as fast as the sound waves now rattling us. Within a minute and a half, the rocket was more than 15 miles up, and traveling nearly  a mile a second. Its white contrails, glistening brightly in the light of the rising Sun while we watched from the darkness below, curled majestically around a quarter Moon. There was little doubt that the first part of the launch had been perfect. As we watched in silence, tiny dots appeared to break away from the rocket. Six of the solid fuel-booster rockets had been ejected. Thirty seconds later the rocket was more than 25 miles high and barely visible. It expelled its remaining three solid fuel boosters, which splashed into the Pacific some 230 miles to the south.

Four minutes after launch, as the Delta’s first stage plummeted toward the sea, the second stage fired. A few seconds later the fairings protecting the Cosmic Background Explorer were ejected, and it was exposed for the first time to the cold vacuum and fierce sunshine of empty space some 70 miles high. Five minutes later the rocket’s second-stage engine was automatically turned off by the on-board computer and COBE cruised silently in orbit 105 miles above the surface of the planet it had departed from only a little more than ten minutes before.

Many of us were too exhausted from the sleepless night before, and no doubt from nervous energy too, to feel much elation. Still giving interviews to reporters, I made my way back to the hotel for the postlaunch party, complete with champagne, that was being hosted by NASA’s public affairs office. The party was almost over by the time I got there. Only then, a little more than an hour after launch, did we learn from a jubilant Dennis McCarthy, COBE’s deputy project manager, that the Delta rocket’s second-stage engine had successfully reignited, propelling COBE into its final orbit: a nearly perfect north-south circle around the earth 559 miles high. Our COBE took its first action as helium valves opened to start cooling two of the instruments.

COBE was now a satellite. There was nothing more for members of the science team to do in California. I left the party and went to collect family members, and we went out for pancakes. Jane and I drove back to her mother’s home in Santa Barbara, stopping at the ancient La Purissima mission to have a little privacy and think about the meaning of life before technology. Then we drove to the airport for the trip back to Washington.

Everybody was exhausted, but my colleagues and I were all eager to get back to Goddard. We expected to learn there whether the COBE detectors we had spent so much money and effort placing into orbit really would be able to tell us anything new about the infancy of the universe.
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Scooped

Before we can discuss the basic problem of the origin of our universe, we must ask ourselves whether such a discussion is necessary.

—GEORGE GAMOW, THE CREATION OF THE UNIVERSE


 



 




PEOPLE ON OUR PLANET have always been explorers of the unknown. For more than 99 percent of our history, this has meant journeying from one corner of our planet to another, foraging for food or hunting it down. When the food ran out or the river ran dry, we moved on. Our journey down through the ages has been a story of great migrations: of Africans to India and the great land mass of Asia, of Indians to Africa, of Asians to North America, of North Americans to South America, of Mediterranean people to Europe. Only recently in our long history—the last ten thousand years or so—did we discover that we could grow our own food. At last the wandering tribes settled down, becoming farmers instead of gatherers and hunters, domesticators of animals and the plants used for food, sedentary, no longer adventurers in constant search of sustenance.

Perhaps as we farmed we became bored, restless, edgy for the open road, the open prairie, the open sea. No longer in search of food, we started traveling to new lands for the sake of exploration alone, climbing a hill or a mountain range or canoeing across a river for the sheer joy of seeing what lay on the other side. Later adventurers undertook dangerous journeys to distant lands and across the seas for the material riches their exploration could bring. Greek soldiers led by Alexander of Macedonia waged a journey of conquest overland into Asia; Chinese explorers in large junks may have crossed the Pacific and landed on the shores of North America; people from the Indonesian archipelago sailed northward in oceangoing outrigger canoes, eventually landing and settling in Hawaii; and, centuries later, Europeans in sailing vessels circumnavigated the globe.

Needing guidance, the explorers relied on the ancient sky, the single visible constant in the life of every person who ever lived on Earth. No culture  ever ignored it. For the Anasazi of the Southwest, the sky was the “backbone of the night,” and they built stone astrolabes to chart its movements; for ancient Scandinavian sailors the sky, in its regular but mysterious comings and goings, was “the path of the ghost.” Astronomy was the first science in the ancient civilizations of Greece, Sumeria, the Nile, China, and Mesoamerica, generally accompanied by astrology, a pseudoscience that exploited the mind’s eagerness to link unrelated events.

A remarkable piece of evidence for our ancient fascination with the sky stands in ruins in northern Kenya at a place called Namoratung’a: a consciously designed array of nineteen stones that was one of the first observatories in Africa. It may have been built by astronomer priests who came from eastern Asia about three thousand years ago in a great migration of the Galla people to northern Africa.1 The observatory was probably constructed to predict the conjunction of the new Moon with several significant patterns the builders saw in the sky. The carefully placed stones marked the horizon position of the rising Moon and the constellations the astronomer priests used to formulate their calendars. The observatory at Namoratung’a worked well for only about a century, owing to the precession of the equinoxes. An astronomical phenomenon caused by the gravitational attraction of the Sun and the Moon on the earth’s equatorial bulge, the precession makes the stars appear to rotate westward in a grand cycle taking 25,800 years (the same time span, incidentally, ancient Chinese astronomers calculated as the great circle of life, after which history would start all over again).

Once the predictions of the stones were no longer fulfilled, the Namoratung’a skywatchers abandoned their observatory. This would happen throughout history: As astronomers encountered unexpected patterns in the night sky, they would have to give up—always resisting the change in thinking—their cherished models. In the fourth century B.C., Aristotle created a comprehensive model of the cosmos based on the natural assumption that the earth lay at the center of the universe, the sky revolving around it once each day. Ptolemy, the Greco-Egyptian astronomer in Alexandria during the second century A.D., refined the Aristotelian model of the universe and codified it in the Almagest. Astronomers relied on it for more than a millennium to calculate the positions of objects in the sky as they were carried about the earth on individual rotating spheres. Commenting on its complexity when it was explained to him, Alfonso X (The Wise), king of Castile and Leon (1252- 1284), reportedly said, “If the Lord Almighty had consulted me before embarking upon Creation, I should have recommended something simpler.”

That the Sun might not circle the earth simply must have defied logic. In 1508 the Polish astronomer Copernicus, realizing the Ptolemaic patterns in the sky had shifted, dared write the words: “What appears to us as the motions of the Sun arise not from its motion, but from the motion of the Earth.” Such an idea was dangerous, alien to the religious and philosophical thinking of the day in which humankind occupied the physical and metaphysical center of the universe. “The fool will turn the whole science of astronomy upside down,” wrote Martin Luther.2 That is exactly what Copernicus accomplished when, after years of doubt, he finally dared publish De Revolutionibus Orbium Coelestium, his formal declaration of a heliocentric solar system. The publication occurred the year Copernicus died and the year some historians mark as the beginning of modern science: 1543.

Late in the following century, Isaac Newton initiated the true scientific revolution when he explained how the force of gravitation alone was responsible for maintaining the planets, including Earth, in their orbits around the Sun. The next major overhaul in our astronomical view of the universe did not take place for three more centuries, at the onset of the twentieth century. This was to be an era unlike any other for the exploration of the sky, an era during which we realized for the first time how high the sky really was and how small our own corner of the universe.

A major milepost in this exploration occurred almost exactly twenty-five years before launch day at Vandenberg. The COBE spacecraft traces its ancestry directly back to this event. At the time astronomers had a single overriding question: Has the universe always been, with an infinite age, or did it come into being at some point in time with a probable age of ten to twenty billion years? In 1965 there were good arguments on each side, but neither side had proof. That year a meeting of five men at Crawford Hill, New Jersey, helped resolve the question in the minds of most scientists (although a few determined holdouts still remain today). The meeting also set the tone for the scientific examination of the origin and structure of the universe for the rest of the twentieth century.

The meeting was the culmination of an unlikely sequence of coincidences, and the site was unlikely as well for what was an extraordinary moment in the history of science. Crawford Hill was a research facility of Bell Telephone Labs, Inc., located in a wooded area in the central part of the state near Holmdel. Bell Labs was an enormous facility with 25,000 employees and a budget, privately funded by AT&T, as great as 15 percent of that of the entire National Science Foundation. In those days Bell was a monopoly and could afford to undertake research with long-term or unpredictable payoffs. Its laboratory was the world’s leading industrial research facility.

Fostered by leaders with vision, Bell Labs had an open, university-like freedom that encouraged scientists working there to pursue interesting, if not necessarily commercially fruitful, topics. Had Bell Labs, General Electric’s laboratories, and others like them been subjected fully to the Darwinian competition and often creative destruction of modern capitalism, the world would be a different place today. The transistor, invented at Bell Labs, might not have appeared for decades; the computer revolution sweeping the world might still be in the future; and Americans could be importing technology instead of exporting it. A few Bell scientists worked as astronomers or theorists in relatively arcane areas like particle or materials physics. But the main emphasis was on good, basic research in more immediate technology such as radar or the new telecommunications computers then being developed.

Arno Allan Penzias arranged the meeting that was to change the way we perceive the universe and led to the discoveries nearly thirty years later that are the subject of this book. Penzias had been hired by Rudolf Kompfner, director of Bell’s Radio Research Lab, in 1961, the year before Penzias was to receive his doctorate in physics from Columbia University. The son of Jewish émigrés from Germany, Penzias was a lean man of great energy and roving intelligence. He was born in Munich on April 26, 1933—the day the Gestapo was created, although, as he likes to observe, he’s lasted longer. He graduated from City College in New York City in 1954. Then he struggled through the physics graduate program at Columbia, which claimed as professors such lights as Nobel laureates I. I. Rabi and Polykarp Kusch and other European immigrant scientists who had fled the Nazi and Communist regimes. In those days Columbia was notorious for being tough on its physics graduate students, flunking them out right and left with little apparent discretion.

Penzias’s first assignment at Bell was to help solve a problem that had been baffling laboratory scientists: how to point an antenna accurately at Telstar, the first working communications satellite. The antenna was big and heavy, and bent under gravity, wind, sunlight, and temperature variations. This made it virtually impossible to keep it focused on a distant satellite. Penzias figured out almost at once how to solve the problem. He placed a small optical guider telescope inside the big antenna and aimed it at a  specified star. By comparing the star’s known position with its position as reported by the small telescope, he could determine how far off the large receiver was from the communications satellite and make the appropriate correction.

After successfully implementing this new technology, Penzias decided it was time to get back to radio astronomy, the subject of his Columbia dissertation. This turned out to be a lucky decision because at about the same time, Bell Labs abandoned the communications-satellite business to the Communications Satellite Corporation, or COMSAT, which was then being formed. As its name suggests, radio astronomy is the detection and study of radio waves from space. Radio astronomers analyze the waves to determine their source and energy spectrum. Like any wave at the seashore or in the electromagnetic spectrum, a radio wave can be described by a wavelength that would typically be the distance between two points on the wave where its oscillation is the greatest. Radio wavelengths of a few millimeters to about 10 meters (or from about ⅛ inch to about 30 feet) are able to pass through the earth’s atmosphere without being reflected back into space by the ionosphere or absorbed by atmospheric molecules.

A visible lightwave is so minuscule by comparison—only about half a millionth of a meter long—that the universe of the radio astronomer is vastly different from that of the optical astronomer. A few radio sources like our Sun, its radio signal powerful only because of its nearness, and the interstellar cloud of seething hydrogen known as the Orion Nebula are, of course, highly visible. But until the advent of radio astronomy, a huge part of the universe, including startling phenomena such as supernova remnants, pulsars, and quasars, was invisible to astronomers.

In the early 1930s AT&T was just getting into the radio telephone business for overseas service. A young radio engineer named Karl G. Jansky was assigned the task of studying the nature of radio static in order to eliminate it. Jansky needed to record and measure it. For the task he decided to use a new kind of rotating antenna that could pinpoint the direction from which a radio signal emanated. After several years he had isolated two kinds of apparently permanent static. One was thunderstorms, the other an unidentifiable continuous buzz that varied regularly in intensity throughout the day.

Jansky’s attempts to identify the second source failed repeatedly. An astronomy graduate student from Princeton University named A. M. Skellet happened to be working temporarily at Bell Labs. Skellet heard of Jansky’s  problem and went to him with a possible explanation: The regularity of the strange static would be expected if its source were stars that were fixed in the sky in relationship to the earth’s rotation. Jansky took new measurements that indicated Skellet was precisely right. The persistent hiss indeed came from the stars—in fact, from the center of our own galaxy, the Milky Way.

Jansky wrote three papers explaining what he had found. They were published in a technical journal called Proceedings of the Institute of Radio Engineers instead of in an astronomical periodical, and hence were largely ignored by astronomers.b


Bell officials were convinced—correctly—that nothing could be done about the steady stream of static from space and pulled Jansky off the research. He apparently all but forgot about it, along with just about everybody else. In fact, there was no interest in it until eight years later, in the months before the United States entered World War II. That year, 1941, a backyard astronomer named Grote Reber, who had read Jansky’s papers and become intrigued, built a thirty-foot bowl antenna in the yard of his home in a Chicago suburb. First he confirmed Jansky’s results. Then he made a detailed map of the sources of the radio waves that were coming from the direction of the Milky Way.c


As the war progressed, J. S. Hey and fellow scientists working with special directional antennas near London, England, were disconcerted by a continuous noise in their radar equipment. They assumed that the Germans were transmitting some kind of signal to jam British radar. They discovered after months of investigation that radio waves from the Sun and the same persistent Milky Way signal that Jansky had identified years before were actually doing the dirty work. Out of wartime necessity, Hey and his colleagues did some research and resuscitated Jansky’s and Reber’s work. Bell Labs also had undertaken radar research during the war, and scientists there also dug up Jansky’s old papers. Thus radio astronomy, conceived a decade earlier and all but unknown to the global astronomy community, was finally born.

Bell Labs officials eventually decided radio astronomy would bear little fruit. By the time Penzias decided to begin working again in the field, Bell  had all but abandoned it to other research facilities and had only one assigned position for a radio astronomer. Penzias took it, and was given a unique receiving antenna to work with. The antenna sat atop the kind of low rise that is considered a hill in central New Jersey. It had been built by Arthur B. Crawford, head of Bell’s Radio Research Department, in 1960. About 20 feet long and resembling a huge, hollow horn with the end cut off by a diagonal reflector, the antenna was constructed specifically for receiving the relatively weak signals bounced off the Echo I satellite, a prototype for the first communications satellite. This was a huge metallic spherical balloon that the National Aeronautics and Space Administration had launched into orbit on August 12, 1959, aboard its first Delta rocket. This was almost exactly thirty years before the successful launch of the Cosmic Background Explorer aboard Delta Flight No. 189, which was a powerful two-stage rocket rather than the relatively small Delta that carried Echo I into orbit.

After finishing its work with Echo, the big horn antenna was trained on Telstar, the first true communications satellite, which Bell Labs had designed and NASA had launched in 1962. After showing that satellites could be used effectively for transmitting telephone and television signals overseas, the antenna had effectively been put on hold while new ground stations were built in the United States and Europe. When Penzias switched back into radio astronomy in 1963, he persuaded Bell officials to let him convert the antenna from a satellite communications receiver into a radio telescope. Kompfner, Penzias’s division chief, apparently had the foresight to recognize that work in radio astronomy might eventually benefit satellite communications.

In the spring of 1963 Penzias was joined in his new position by Robert W. Wilson: Since there was only one job for a radio astronomer, they would split it and take on other individual responsibilities the rest of the time. Wilson was a mild, laconic Texan. Born in Houston on January 10, 1936, he was the son of a chemical engineer who worked in the oil fields. Wilson had been educated in the Houston public schools, then gone on to Rice University intending to become an electrical engineer. But he did not like Rice’s engineering department. About the same time, he had begun displaying a substantial enough talent for math and physics to gain him acceptance into the graduate physics programs at the Massachusetts Institute of Technology as well as the California Institute of Technology.

He picked Caltech. There he took a course in quantum mechanics taught by Murray Gell-Mann, who soon would win a Nobel Prize before the age of  forty for his ingenious theory of the quark—a subatomic quantum particle that physicists still believe to be among the smallest indivisible units of energy and matter. At Caltech, Wilson enrolled in a course in cosmology, which at the time was a relatively new branch of astronomy specializing in the origin and evolution of the universe. The course was taught by Fred Hoyle, a British astrophysicist already famous as the leading proponent of a cosmological theory that held that the universe had no specific beginning point in time. Instead, he and his supporters argued, the universe was evolving over infinite time in what Hoyle called a “steady state.”

The opposite view, about equally in vogue among astrophysicists in the late 1950s, was that the universe had “begun” at a finite moment billions of years ago in a hot, massive expansion from almost nothing. Hoyle had an unusual gift for nomenclature. Several years earlier he had jokingly—and, as time was to prove, ironically—coined the name that would stick for this opposing theory from a British slang expression for orgasm: the Big Bang.




SOMETHING WRONG 

At Caltech, Wilson also encountered an Australian radio astronomer named John Bolton and became interested in the field, finally working on a new radio map of the Milky Way for his dissertation. By the time Wilson joined Penzias at Bell Labs in the spring of 1963, Penzias had been working on the big horn antenna for about a year. The first thing they had to agree on was what kind of science they were going to use it for. But first they needed to prepare their highly sensitive instrument. This meant getting rid of excess static, or what is known in the radio business as “noise.”

The summer after Wilson arrived, he and Penzias added to their antenna a device known as a cold load. This was a refinement designed to provide a continuous amount of precisely measured low-level noise with which they would be able to calibrate their instrument. In theory, the cold load could be seen as a substitute for the antenna and the sky, in order to allow Penzias and Wilson to calculate the source of any extra noise coming out of the receiver. One of the strongest radio sources then known to exist in the sky was a supernova remnant called Cassiopeia A (in the constellation Cassiopeia). Penzias and Wilson decided to measure its radio signal.

“From the very beginning, we knew that something was wrong,” Wilson recalled. “There was too much noise in spite of the fact that we thought that  we had a very good measurement of the gain of the horn. In fact, even before we started working on the horn, we knew that something was wrong.”3  Other Bell scientists who had used the antenna to measure signals from the Echo I and Telstar satellites had encountered the same problem. Because of the excess noise, these researchers had failed in their efforts to calibrate the instrument.

In effect, these scientists had simply ignored the extra signal by subtracting it from the measurements, although they used ingenious methods to try to locate the source of the noise. In one instance a Bell scientist named David Hogg beamed a radio signal from a helicopter in an effort to determine whether radio signals propagating through the atmosphere might be having an adverse effect on the antenna.4


Throughout 1964, Penzias and Wilson continued their investigation of “Cass A.” They hoped that the unwanted noise would somehow simply disappear. Of course, it did not. “We weren’t terribly frustrated by the excess noise,” Wilson recalled. “It was mainly a background annoyance. Arno, though, was quite embarrassed by it.” Radio astronomers are able to describe the intensity of radio signals as a temperature, and when Penzias and Wilson first analyzed the noise they determined that its temperature seemed to hover around 4° Kelvin.d


They recognized, though, that the noise could interfere with their astronomical measurements, and so finally decided they had better get serious about getting rid of it. They took the horn apart, correcting what they considered a “suspicious” shape in its throat, they looked for seasonal variations in the excess signal, they replaced rivets they thought might be making an unwanted contribution, they checked for variations related to the phases of the Moon. After all this, they were surprised to find that the excess noise had dropped only to about 3.5° Kelvin.

They went back to work and removed what Penzias has since enjoyed referring to as “white dielectric material” that had been deposited by pigeons within the antenna. Then they removed the offending pigeons themselves (which, taken to another Bell facility some miles away, soon returned). They  double-checked their antenna to make sure it was not receiving excess energy from New York City, only about 45 miles away. There was a little noise from New York, but only what was to be expected when the antenna was pointed in the direction of the city.

Penzias and Wilson next tested the possibility that their antenna was receiving noise from charged particles that had been deposited in the Van Allen cosmic ray belts around the earth by a high-altitude nuclear test explosion in 1962. They were hopeful for a while. But it eventually proved not to be the case, since the Van Allen signal at the 7-centimeter wavelength Penzias and Wilson were studying diminished over time, while the peculiar noise being picked up by their antenna went on unabated summer and winter, spring and fall.

In December 1964, Penzias attended a meeting of the American Association for the Advancement of Science in Washington, D.C. There he struck up an acquaintanceship with a fellow radio astronomer named Bernard Burke. Three months later, Penzias happened to telephone Burke to discuss other matters. During the conversation Penzias mentioned the problem with the horn antenna. Burke told him about a group of physicists at Princeton University, only about 30 miles away from Crawford Hill, who might have some thoughts about what was going on with his antenna.

Penzias discussed the news with Wilson for a day or two, then he screwed up his courage and put in a telephone call to Princeton.




OSCILLATING COSMOS 

Robert H. Dicke was already a Renaissance man of physics. He was highly regarded for his work both as a theorist and as an inventive experimentalist—a combination rare in the 1950s and 1960s and virtually unheard of today. Dicke commanded respect—even awe—throughout the physics and astronomy world. A 1939 graduate of Princeton University, he had helped develop radar using microwave transmitters and receivers while he was at the Radiation Laboratory at MIT during World War II. In 1946, still in Cambridge, he had invented an acutely sensitive radiometer, an instrument used to measure the intensity of microwave radiation.5 Dicke also had developed a quantum theory for atoms in a cavity, generated ideas about optical pumping of the energy levels of the atoms, and measured the hyper-fine interactions in hydrogen. He had developed an alternative to Einstein’s theory of gravity, and then tested it experimentally.

Returning to Princeton in the 1950s, Dicke created a theoretical model for an “oscillating universe,” one that would alternately expand and contract. According to the hypothesis, the universe is expanding, but it could have contracted prior to the current expansion and it could contract once again in the distant future. When the future contraction was complete, another Big Bang could take place. Dicke speculated that a remnant of the hot, dense stage of the previous Big Bang in the form of some kind of cosmic radiation might still be observable today. One day in the summer of 1964, Dicke decided to see whether he could track down this remnant radiation, and walked down the hall from his office in the Palmer Physics Laboratory to Room 122. Working there were two members of Dicke’s group, P. James E. Peebles and David T. Wilkinson.

Tall and rail-thin, Peebles had an earnest and open expression that belied his mastery of the droll put-down often delivered with a devastating grin. He had graduated near the top of his class at the University of Manitoba, where he had switched from engineering to physics, then gone on to Princeton for his graduate work. There he had fallen into Dicke’s orbit and after earning his Ph.D. in 1961, stayed on as a postdoctoral fellow with Dicke. Dicke’s group met often for informal seminars, from time to time including specially invited guests who it was felt might make a worthwhile contribution. While eating pizza and drinking beer, the group and its mentor would talk over the big questions of the day.

Wilkinson, too, had fallen under Dicke’s spell. Well-spoken and thoughtful with a sometimes dour face that could appear standoffish, Wilkinson was, unlike Peebles the theorist, inclined toward the experimental side of physics. He had earned his undergraduate and graduate degrees in physics at the University of Michigan and, after lecturing for a year in Ann Arbor, joined the Princeton faculty as an instructor. He had recently written a textbook on electrons and was looking around for a new project the day Dicke came in with his idea.

Writing on a blackboard suspended from a concrete pillar, Dicke explained how he believed that an oscillating universe would have certain boundary conditions dictated by the oscillations. He speculated that the most recent oscillation would have left the universe with a remnant radiation of a few degrees Kelvin which, theoretically, would be detectable on Earth. Peebles was assigned to do the theoretical work on the radiation, and Wilkinson, along with another member of Dicke’s group, Peter G. Roll, would build a new radiometer capable of detecting it.

As Dicke explained the problems involved, Wilkinson thought to himself that the idea was “pretty far out” and that a search for cosmic radiation very likely would prove fruitless. Yet he really didn’t have anything else to work on at the moment and the experiment seemed as if it would be “pretty easy and fun.” He agreed to go ahead.6 Roll started building the cold load, and Wilkinson began work on the antenna itself on top of a birdcage on the roof of Guyot Hall, a geology laboratory that was the highest spot around. In those days physicists at Princeton and other universities built most of their experimental equipment themselves, instead of assigning the job to the contractor with the lowest bid. Wilkinson rummaged around in military surplus stores on R Street in Philadelphia for electrical equipment left over from the war. At the time, he recalled, he was vaguely aware of the horn antenna at Bell Labs and that there were a few degrees Kelvin not accounted for in the horn’s “error budget.” But he also was certain that no radio telescope could do the job of finding cosmic remnant radiation. He thought little more about it as he constructed the instrument.

In the meantime, Peebles was busy working out the theoretical details of the “primeval fireball,” as the group had dubbed Dicke’s speculation. Peebles and the others received virtually no help from their group leader himself. It was Dicke’s practice to hand out an assignment and then step aside and await the results. In fact, Dicke had given Peebles so little to go on that, when the group met some weeks into the project to discuss their progress, another physicist named Nick Woolf stood up and demanded to know why Dicke had not even told Peebles and the others about his old work at MIT.

As it happened, Dicke’s team in 1946, in reporting on atmospheric radiation measurements taken by his new microwave radiometer, had found “radiation from cosmic matter at the radiometer wavelengths.”7 Dicke’s MIT group, which included Robert Beringer, Robert L. Kyhl, and A. B. Vane, reported that the radiation was quite sparse, less than the equivalent of 20° Kelvin. None of the group ever followed up the observation. Dicke explained to his Princeton team members nearly twenty years later that at the time he had not thought of the low-level radiation as residue from cosmic oscillations or a Big Bang-like event, but merely as the possible glow from the universe’s most distant galaxies. In fact, he admitted, he had actually forgotten about the measurements.

By early 1965, Peebles had made enough progress on the theoretical end to be able to produce a paper in which he estimated that the remnant radiation would have a temperature of no more than 10° Kelvin—only half the  upper limit Dicke’s MIT group had calculated and then forgotten. Peebles submitted the paper to the journal Physical Review for publication. About the same time, he included a version of the paper in a lecture he gave to the Applied Physics Laboratory run by Johns Hopkins University. Almost as an afterthought, he mentioned that his Princeton group was preparing to look for the microwave radiation at the level he had predicted.

Here the route to scientific understanding became circuitous, as so often seems to be the case. In the audience at the Applied Physics Laboratory near Baltimore was an old friend of Peebles’s named Ken Turner, a radio astronomer at the Carnegie Institution in Washington, D.C. Turner was especially interested in what Peebles had to say about the possibility of a microwave radiation remnant, and Peebles’s ideas stayed with him. A short time later Turner went to Puerto Rico, where he had been working at the large radio telescope at Arecibo. On his flight back happened to be a colleague from the Department of Terrestrial Magnetism at Carnegie, Bernard Burke. Turner passed along the main thrust of Peebles’s talk to Burke. A few weeks later Arno Penzias happened to telephone Burke on another matter. And a few days after that Penzias, who admittedly was a little nervous about bothering such an eminent physicist with his problem, telephoned Dicke. When the phone rang in his office, Dicke was having a brown bag lunch with Peebles, Wilkinson, and other members of the group.

“Hmm, cold load . . . horn antenna . . . sounds very interesting,” Wilkinson heard Dicke say. Then he asked a few questions and set up a meeting. The conversation lasted a few more minutes, with Wilkinson and Peebles by now sitting at attention. Dicke turned to them as he put down the receiver.

“Boys, we’ve been scooped,” he said, the only time Wilkinson or Peebles had ever heard Dicke use the word. Wilkinson recalled wondering, as Dicke went over his conversation with Penzias, whether the two Bell Labs scientists had taken all the right steps to correct the noise problem in their antenna. Perhaps this was merely wishful thinking on Wilkinson’s part. For he would soon learn that Penzias and Wilson had done everything necessary to bring about a major change in the way he, Dicke, Peebles, and everybody else would think of the universe.




AN AGE OF INNOCENCE 

Late in the winter of 1964-65, I was at Swarthmore College, not far from Bell Labs and Princeton. As a freshman physics student, I was happily oblivious to the momentous struggle of Penzias and Wilson to overcome the irritating noise in their antenna and to the problems in cosmology being worked out by Dicke and his group at Princeton. My major concerns were trying not to flunk art history and not to be bored in first-year calculus and physics. Fortunately, I had been allowed to skip the second half of my freshman physics course and go straight into sophomore physics.

As long as I can remember, I had thought science was the most interesting pursuit possible. My parents first thought 1 would grow up to become a scientist the day I took off the doorknobs in the house when I was three years old. When I was about five, my father would sit by my bedside and explain how living things are constructed of minuscule cells with nuclei and chromosomes that in mysterious ways could control our inheritance and thus our future. He was a geneticist and spent his life trying to breed dairy cows that would give milk with higher protein and with greater efficiency. He had been born in a tiny village in Africa, and spent his first nine years in what was then Southern Rhodesia. He had many stories to tell. I remember asking how he had decided to go into dairy cattle research—not exactly a glamorous field. When he had been growing up in Africa, he explained to me, he had looked at the small, scrawny cattle that lived there compared with the big, healthy ones he saw in the dairy magazines his father received from the United States. He decided to see whether he could do something about it.

Unlike my father, I was a child of the cold war. I was born a year and a day after the Enola Gay dropped an atomic bomb on Hiroshima. When I was in fourth and fifth grades, we were trained to hide under our desks for protection from a possible hydrogen bomb attack. As one of the few scientists in the county, my father was a member of the civil defense program and understood how a Geiger counter worked. When the first Soviet satellite, Sputnik, was rocketed into orbit in 1957, I can remember being thrilled and wondering whether I should be terrified too. In the ensuing panic over our nation’s apparent loss in science leadership, there was renewed emphasis on science education. Science fairs sprang up across the country on the theory that our young scientists were now the only ones who would be able to save the nation from the Soviet threat. Such an atmosphere, of course, could not help but be beneficial to a budding young scientist such as myself. In reality, of course, I was far from the fray.

My family lived on the Dairy Research Station of Rutgers University near Sussex, New Jersey. It was a rather idyllic life in that my father simply left in the morning for an adjacent building where he worked all day with his test  tubes and calculator, a giant old Marchant or Friden machine with a couple of hundred buttons on it. The farm country in New Jersey was quite lovely, with rolling hills and dales. There were said to be more cows than people in the county until the 1950s, and the Appalachian Trail ran along the top of a ridge near our house. My mother was a teacher at the Wantage Consolidated Elementary School, where I was then a student. A dedicated teacher, she made sure all her students knew how to read and write a bit by the time they finished their year with her—more than can be said of many high school students in the 1990s. She had an extremely positive influence on me, encouraging me to do what I wanted to do and what I believed I could do best.

That was astronomy, which always had intrigued and excited me. In 1953, when I was seven, my parents took my sister Janet and me to visit the Museum of Natural History in New York City. At the time Mars was at opposition and unusually large. The newspapers were full of stories about how the new Palomar telescope in California would be able to observe the Martian canals. People were hoping for space aliens, as they still do. At the museum I was deeply impressed with the planetarium show, the orrery (a giant working model of the solar system), and a huge iron meteorite weighing several tons that was thought to be a fragment of the missing planet between Mars’ and Jupiter’s orbits before it struck Earth.

The museum’s fine dinosaur exhibit contained displays of the evolutionary history of various species from millions of years in the past. It was beautifully clear that my father’s stories of genetics and evolution were right. My parents already had read to me from biographies of Galileo and Darwin, and I thought science could be a dangerous but glorious adventure. I remember having bad dreams about the Scopes “monkey” trial, which had taken place a generation earlier, and imagined myself being persecuted for teaching evolution. I loved The Microbe Hunters by Paul DeKruif, with people battling deadly germs that could bring them a slow, lingering death; my interest undoubtedly was kindled by the fact that my maternal grandfather, Hobart Cromwell, had helped develop penicillin at Abbott Laboratories.

Since early childhood I loved to play with all kinds of instruments and measuring devices. In third grade I was given a radio kit with a single vacuum tube laid out on a board with clips and leads. I built the radio, even though my receiver would not be able to pull in even a single station, since we lived too far from town. When I was about ten, our county library began  a bookmobile service to our farm and others. I still think of the bookmobile, my link to the outside world, as a magnificent institution for discovery. I read everything I could find on astronomy and electronics. My favorite was the Amateur Telescope Maker, a series of three books from Scientific American that I read over and over until I had almost memorized them.
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