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  FOREWORD


  The relationship between journalists and scientists has not always been harmonious. And in many circles today it still isn’t. Most fields of science use a lexicon that hardly anybody from the public understands. In fact, most scientists can’t even communicate with fellow scientists from other disciplines for the very same reason. So when the time comes for a journalist to report on a discovery in which the ideas might be obscure, the language intractable, and the discoverer inexperienced with public communication, the chances of error for the journalist are high. When combined with the journalistic tradition to not show your final draft to the person you interviewed, you’ve got a recipe for rampant misconception.


  Meanwhile, the journalistic ethos to report “both sides” of a story implies an honesty of coverage intended to respect all views, no matter how much they differ from one another. In politics and religion, of course, people fight wars to declare who is right, and it’s not the job of the dispassionate journalist to judge this in advance. In science, a journalist can either report on a discovery, or report on an emergent controversy. But when two scientists disagree, it’s because they’re in need of more—or better—data to show that one of them is wrong, or both of them are wrong. In the face of compelling evidence, scientists generally agree and move on, never seeing the conflict as an occasion to have killed one another.


  For the journalist, however, it’s tempting to allocate column space to fringe ideas, offering them as the “opposite” view to the mainstream. Who wouldn’t want to cheer the underdog? But journalists don’t always see the limits of this exercise. They know to not interview the person who is sure Earth is flat—just to get an opposing view. But at some point, awareness of the published scientific literature can inform these choices. If it’s not a scientific controversy it shouldn’t be a journalistic one. Moreover, urges are strong to write phrases such as, “these new discoveries will challenge cherished theories” or “scientists must now return to their drawing boards.” Fact is, research scientists are always at the drawing board. And no theory is cherished, at least not in the way a pious person might revere a religious artifact. In science, all ideas, all hypotheses, all theories, are fair game to be overthrown. And some of our highest honors—including Nobel Prizes—go to those who succeed. Any resistance the scientific community might offer to ideas that conflict with our prevailing understanding of the universe will be proportional to the accumulated evidence that supports our understanding in the first place. In fewer words: Extraordinary ideas require extraordinary evidence.


  Apart from these subtleties, most scientific discoveries overthrow no previous idea at all. They simply emerge from our ignorance, filling gaps in our base of cosmos knowledge and wisdom. These are new paradigms, without reference to whether any paradigm has shifted.


  One of the great, uncelebrated challenges of science journalism has been to convey this textured, but booby-trapped, landscape on which science discovery unfolds. The New York Times has done this better than most. That’s because its editorial policy, whether done on purpose or by accident, treats science not simply as intermittent news stories but as an enterprise to be monitored, tracked, reported on, and interpreted. How else could the discovery of the Higgs boson, an important but obscure subatomic particle with no obvious or foreseeable utility to the human condition, garner a banner headline on page one?


  A book just as long, or longer, could easily be assembled from articles on advances in medicine, on the environment, or on engineering marvels. But this book explicitly honors the fact that physics lies at the beating heart of the operations of the universe; that physics is the founding science of 20th-century geopolitics; and that astrophysics is the founding science of wonder. Under that journalistic umbrella, science is part of human culture. Science is life.


  During middle school and high school, I clipped every article on physics and astrophysics that appeared in the daily New York Times and in its Sunday magazine. Where others kept family photos, secure in albums, I mounted frail newsprint. Overall, the Times’ coverage was quite good—brought about by a new generation of journalists devoted to reporting solely on science stories. There are scientifically literate journalists who nurture relationships with scientists, who review the relevant research literature, and who reach beyond the perfunctory press releases issued by science agencies. What a luxury for a newspaper to support such a staff. Regardless of what they occasionally got wrong, I wouldn’t have to look far—in print, radio, or television—to discover how inept everyone else was at this task. So I came to greatly respect the science journalists of The New York Times. And I also came to see their telling of this timeless and epic adventure of cosmic discovery as a kind of time-capsule-in-the-making—a chronicle of our species’ search for how the universe works and what our place within it might be.


  Neil deGrasse Tyson

  New York







  INTRODUCTION

  AN INVITATION TO OUR READERS


  Science is a search for knowledge about the natural world in which we live and a struggle to apply this knowledge in the world’s dark corners of ignorance. It is a realm where researchers seek, see, find and ponder, often in a state of surprise or even awe.


  This book invites you to enter into this quest. The portal is the archives of The New York Times, in particular its coverage of physics and astrophysics, realms that have dominated science and the popular imagination like few others in modern times.


  Of course, a collection of articles from The New York Times cannot be a comprehensive guide to physics and cosmology—at least not for all of it. In the first place, The New-York Daily Times began publication in 1851, so we missed Archimedes, Newton, and other early giants of the field. Plus, for the first few decades of its life, the newspaper, which became The New York Times in 1857, was not the model of journalistic rectitude and thoroughness it strives to be today.


  That began to change in 1896, when the Chattanooga newspaper publisher Adolph Ochs established a journalistic beachhead in the north by purchasing The Times. Ochs, who aspired to create “the model of decent and dignified journalism,” especially valued coverage of subjects like science.


  But in those days science writing was not well-developed. Reading our early coverage, it is clear we were earnest and trying hard, but all too often reporters and editors struggled to make sense of their arcane subject matter.


  Perhaps more important, until the middle of the 20th century, the center of gravity for physics research was in England, Germany and elsewhere in Europe. Americans who engaged in what might loosely be described as physics research—people like Thomas Alva Edison, for example—focused on lightbulbs, phonographs and other practical uses of physics-related technology, rather than the field’s theoretical underpinnings and implications.


  Until the fascists drove Albert Einstein, Niels Bohr, Enrico Fermi and a host of other luminaries to the New World, the epicenter of theoretical physics was an ocean and more away. Often, important findings were published in European journals, in European languages, like German, that our journalists could not read. So physics was not a field we followed closely.


  For example, we had little to say when Albert Michelson and Edward Morley (Americans!) devised an experiment to detect the motion of light relative to the “ether,” the substance believed—until then—to fill the seemingly empty vastness of the universe. By failing to detect any difference in the speed of light, regardless of how and where it was moving, they struck a lethal blow to the ether theory.


  That was a landmark in physics and it led Michelson to a Nobel Prize. More importantly, it led Einstein to a line of research that culminated in the theory of relativity.


  But if you search The Times archives, you won’t find an on-the-spot report. Here, in its entirety, is the earliest reference to Michelson and Morley, months after they performed their landmark work:


   


  INVESTIGATING LIGHT WAVES


  CLEVELAND, Ohio, March 4—Scientists are watching with great interest the joint experiments of Profs. Michelson of Case School of Applied Science and Morley of Adelbert College in an effort to determine the feasibility of making the wave length of light the ultimate standard of accurate measurement. Previous to their experiments, the limit at which interference of light had been secured was 50,000 wave lengths. On Friday they secured such interference at 250,000, and think the ultimate limit not yet reached.


  In 1905, Einstein’s so-called “miracle year,” he produced five major papers, including one on the theory of special relativity and another on the equivalence of matter and energy. Yet a reference to “Albert Einstein” in The Times does not turn up until 1919. It occurs in a story with this (unintentionally) hilarious headline:


   


  LIGHTS ALL ASKEW IN THE HEAVENS


  The article is about the way light is bent when it travels past massive bodies like planets. The observations confirm “the Einstein theory of light,” the story says. But it identifies the great physicist only as “a Swiss citizen, about 50 years of age.” And its first paragraph is practically an admission of journalistic incompetence:


  Efforts made to put in words intelligible to the non-scientific public the Einstein theory of light proved by the eclipse expedition so far have not been very successful.


  Our inability to understand what is going on doesn’t matter, the article informs us, because the new findings have no practical implications for most people. It quotes an astronomer: “Only astronomers are affected.”


  In the early decades of the 20th century, The Times persistently misspelled the first name of the Danish theorist of the atom, Niels Bohr, and in one memorable burst identified the German researcher Max Planck, the father of quantum physics, as Professor Planc and called Werner Heisenberg, scholar of quantum uncertainty, August.


  Even well into the 20th century, the paper appears to catch up with things months—or even years—after they have been announced to the scientific community. Sometimes circumstances excused the lapses. For example, William L. Laurence, a Times science writer, was among the first to report on the theoretical usefulness of uranium in weapons (the experts he quoted pooh-poohed it). But he had nothing to say about the development of the atomic bomb until after it was dropped on Japan.


  But then he wrote a lot. At the request of the War Department, he had been embedded with the project and actually observed the first nuclear explosion—the Trinity test in New Mexico—of a plutonium-fueled bomb. And he flew on the mission that dropped the second bomb on the Japanese city of Nagasaki and reported on it.


  Laurence is famously (and affectionately) remembered nowadays in the science department of The Times as “Atomic Bill.” But then, as now, close ties to the people we cover raises eyebrows. There are those who say he got too tight with the War Department and, as a result, played down the horrors of nuclear warfare. Five years after the war, however, he reported on the possibility that a hydrogen bomb could be rigged to exterminate the entire world population, or most of it.


  The Times overlooked some discoveries or inventions, or failed to discern their significance. The first article explaining the potential usefulness of the “transistor” appeared in print two years after the device was invented at Bell Labs, the research arm of AT&T. Mention of the devices appeared near the bottom of an article about military research on radios.


  Eventually, though, The Times got better at being right on top of things. When Bell Labs researchers discovered what turned out to be microwave background radiation—echoes of the Big Bang—there are those who say they did not fully grasp its impact until they read Walter Sullivan’s description in The Times.


  When you look seriously at our coverage, something else jumps out: it is practically devoid of women, whose achievements get short shrift, at least until relatively late in the 20th century. Marie Curie is more notable in pages of The Times as the wife of the researcher Pierre Curie—and as a principal in a sex scandal after he died—than as the discoverer of radium. Only at her death do we describe her, accurately, as a “martyr to science.”


  Lise Meitner, whose discoveries about splitting the atom led to development of the atomic bomb, barely makes it into our pages, and then almost parenthetically.


  Perhaps that is because, until relatively recently, journalism at The New York Times was a man’s game. This book contains scores of articles and only a handful are by women.


  Happily, women are on the cutting edge of physics and cosmology research and are written about with respect, even though The Times is still a bit short of women writing on physics and astrophysics.


  Things generally began improving after World War II. By that time the atomic bomb, radar and other wartime advances had drawn attention to physics and, indeed, to science generally. And by then The Times had earned a reputation as a source of high-quality science reporting.


  From those years forward, the chief challenge in compiling a book like this is choosing what to reprint from the vast wealth of possibilities. Inevitably, readers will disagree with some of the choices and omissions, but in general the shape of the field itself offered some guidance.


  The chief accomplishments of modern physics are in the realm of the very small (atoms and subatomic particles and the forces that act on them) and the very large (stars, galaxies, the universe itself). In a sense, the quest of modern physics is to link our understanding of those two realms—something researchers and theorists have yet to achieve.


  Their quest is the heart of this book, so most of the articles here describe researchers’ probing into the mysteries of the atom and its subatomic components, or the gradual unraveling of the secrets of the universe—what it’s made of and what holds it together.


  In both realms, the answers are never as simple as they seem.


  Chapter 1, called “The Nature of Matter,” begins with an assessment of particle physics in 2000, the 100th anniversary of the introduction of the theory of quantum mechanics, which would overturn the field. If you don’t know much about physics, this article will put you in the picture, so that you can better enjoy following early efforts to determine what comprises and animates the physical world.


  This effort gradually produced what we know today as the Standard Model, the framework of quarks that make up particles like protons and neutrons; leptons like the electron; and the bosons that tie the whole business together. For example, the Higgs boson, discovered with much fanfare in the summer of 2012, endows things with mass.


  Chapter 2, “The Practical Atom,” follows what happens when theory goes into practice, from sending wireless signals and radar to the atomic bomb, brain surgery without a knife, and working transistors made from single atoms. Finally, in chapter 3, “The Fate of the Universe,” you will encounter astronomers’ first modern efforts to determine where our planet fits in the cosmos and the gradual embrace of the big bang theory—the idea that the universe and everything in it was created in an instant about 13.5 billion years ago. The working out of that event continues as well.


  Here you can read about the discovery of distant galaxies, black holes, quasars and other celestial objects. There is much, of course, that you will not read.


  Moon missions, for instance, or the debate over whether Pluto is really a planet (evidently not), or the so-far-disappointing search for intelligent life elsewhere in the universe. You will not read about the prosecution of J. Robert Oppenheimer, who led the United States’s atomic bomb effort and whom red-baiters later accused of being a security risk.


  And we offer only a hint of physics in communication, medicine, solar panels, computers, the Internet and a host of other useful technologies that are, in their way, triumphs of the engineering of physics. Recounting all of them is simply beyond this book’s scope. Even a small sample would overwhelm this collection.


  On the other hand, we do devote some of our pages to a kind of engineering, the engineering required to design and build the instruments we use to peer into the tiny interstices of the atom and into the vastness of space. Few moments in physics are more inspiring than when an electron microscope discerns the outline of a single atom, or when an instrument like the Hubble Space Telescope—its faulty vision restored by a mission by space shuttle astronauts—shows us how things look in distant nebulae.


  And because the fingerprints of theoretical physics are all over modern life, readers will find discussions of practical matters: atomic physics at war; the uses of physics in energy production; physics in medicine, starting with the early days of X-rays; the physics of concert halls and traffic jams, and what happened when Einstein invented a refrigerator.


  Look for articles about so-called “cold fusion” for examples of how the scientific method works. When researchers made the startling announcement that they had achieved energy-producing fusion in a simple tabletop apparatus, it held immense promise for practical implications. But some (including the estimable Times reporter Malcolm W. Browne) were skeptical until colleagues could replicate the result. When they did, those other researchers began to come around— and The Times put the story on the front page. Then, of course, it turned out the replication was a laboratory “artifact”—a mistake—and the theory went the way of the ether and other bad physics ideas.


  Some would say the same fate awaits “string theory,” at one time the favorite candidate of deep physics thinkers seeking to explain the nature of physical reality. See what you think.


  What comes through from the beginning of our coverage is the passion of the researchers we cover, their excitement at being at the cutting edge of the effort to explain the universe and our place in it, and their complete certainty that, succeed or fail, the work is important.


  This collection ends with a look into the future. The fate of the Webb space-based telescope, NASA’s successor to Hubble, is uncertain. With the discovery of the Higgs, which took place at a giant particle accelerator in Europe, American physicists worry that once again the center of gravity of physics is shifting to Europe. But despite funding difficulties, occasional political indifference or even opposition to basic science, the enterprise thrives.


  When the great theorist Max Planck was a young man, at the end of the 19th century, his teachers discouraged him from a career in physics on the grounds that all the great discoveries had already been made. Needless to say, Planck personally disproved that idea.


  Today, even as telescopes peer back to the very beginning of time, even as researchers discover the Higgs, they create opportunities to ask new questions and discern new answers. The more we learn about physics and cosmology, the more there is to find out. So take this journey. You will not be disappointed.


  Cornelia Dean
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