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FOREWORD





  Richard Dawkins




  Kendrick Frazier surely would have known this story, and even more surely would have been amused by it. His friend and fellow distinguished skeptic Ray Hyman was doing a double-blind trial to test the claims of a homeopath. When these claims failed, the homeopath said, with the air of one triumphantly vindicated, “You see? That is why we never do double-blind testing anymore. It never works!” Ken himself tells of a visit to China where he investigated a woman police officer who claimed she could see inside another person’s body and diagnose disease. He asked her if she had ever been subjected to a controlled experiment. “She had no idea what we were talking about.”




  In the spirit of science, I once submitted myself to an alternative therapist who employed kinesiology as a diagnostic technique. Lying on my back I had to arm-wrestle her, I think as a test of whether “my vital energies were balanced.” Or something. She then placed a closed glass vial of vitamin C on my chest and arm-wrestled me again. My apparent strength relative to hers dramatically increased. When I expressed surprise, she evidently missed my irony and gushed, “Yes, C is a marvelous vitamin, isn’t it!” She was probably sincere, just massively gullible. It is to my discredit that I didn’t bother to propose an experiment with a control vial. I just knew what the result would be.




  Ken Frazier describes the puzzled surprise of dowsers when, under controlled experimental conditions, they failed to divine water. I had exactly the same experience when I took part in a controlled trial of British dowsers for Channel Four television. They were visibly shocked at their lack of success, and one woman actually wept. Quite simply, they had never been subjected to a double-blind trial before.




  Those four stories sum up what Ken Frazier had to deal with all his life, as editor of the Skeptical Inquirer for four decades and leading light of the scientific skeptics movement: lamentable ignorance of the scientific method, and complete blindness to why it matters. There is only one way to discover whether a proposition about the real world is true, and that is the scientific method. If a better way were discovered, science would adopt it.




  The truths that science has uncovered are breathtaking in their scope and beauty. And they keep on coming. Kendrick Frazier deeply loved science, and deep, too, was his knowledge of it. The opening and closing chapters of this book present a choice bouquet of examples, hand-picked from the garden of science. The tally is steadily increasing of Earthlike planets, basking in the goldilocks zones of their respective suns and promising the hope of alien life, a serious, scientific hope which is parsecs apart from naïve, Roswell-style ufology. Instruments sensitive to a deformity less than a proton’s width have detected gravitational waves, the radiating shudder of spacetime as black holes collide at the far reaches of the universe. Proteins fold into precise three-dimensional knots whose shape is the key to the catalytic magic by which enzymes control life’s processes. The 3D shape is determined by the 1D sequence of amino acids. But nobody knew how that worked. The folding of the chains just happened, and that was that: a brute fact. But now science has worked out how to predict protein folding. It may not be obvious what an astonishing achievement that is. Take my word for it.




  Science, the poetry of reality, the jewel in humanity’s crown, is indeed wonderful, and we who live in the twenty-first century should exult in its daily advances. But the poetry is hijacked, sometimes by cynical charlatans, sometimes by credulous fools. “This is the dawning of the Age of Aquarius.” A line like that has a kind of poetic resonance, but it is fake poetry borrowed from the real romance of the stars. The garden from which Frazier picked his examples is clogged with weeds. They are ever present, some actively poisonous, some seriously time-wasting, some hardly worth bothering about. Pseudoscience, antiscience, the paranormal, astrology, homeopathy, Frazier enumerates and describes each species one by one, 157 of them. They range from those that absolutely cannot be true such as perpetual motion at one extreme, to graphology at the other. Graphology’s claim to diagnose personality from handwriting easily could be true, is even plausible, but unfortunately is not supported by evidence. Somewhere in the middle of the spectrum we find the likes of dowsing, acupuncture, and the Loch Ness Monster. Frazier goes out of his way to disclaim debunking as the primary motive of the skeptical movement of which he was a leader and I a foot soldier. Instead, we will investigate paranormal claims—skeptically but giving those claims their best shot at success.




  That movement has an interesting history, and nobody was better placed to chronicle the inside story than Kendrick Frazier. His chapter “The Rise of Organized Skepticism” takes us back to the mid-1970s when the world “was awash in unexamined paranormalism. Astrology was in high vogue (the ‘Age of Aquarius’). ‘What’s your sign?’ passed for a mainstream conversation starter.” Lalla Ward told me she overheard a naïve young starlet approach Otto Preminger, distinguished director of the film they were both working on. “Oh gee, Mr. Preminger, what sign are you?” “I am a Do Not Disturrrb Sign” was his immortal reply, in a thick Austrian accent. It was the time when Chariots of the Gods was a major bestseller (a dear relative of mine was completely taken in). Serious scientists were fooled by a spoonbending charlatan, and it took another conjurer, James Randi, to unmask him as an ordinary conjurer masquerading as supernatural.




  A loosely knit consortium of Americans saw the need to combat this wave of credulous nonsense: Carl Sagan, Martin Gardner, Isaac Asimov, Ray Hyman, James Randi, and others came together, assembled by the organizing talents of Paul Kurtz. CSICOP, the Committee for the Scientific Investigation of Claims of the Paranormal, became CSI, the Committee for Skeptical Inquiry, and its journal the Zetetic became the Skeptical Inquirer with Kendrick Frazier himself as editor. Paul Kurtz led the movement, along with the Council for Secular Humanism (CSH), America’s leading humanist organization. They merged under the umbrella of CFI, the Center for Inquiry, on the board of which I came to know and admire Kendrick Frazier.




  Ken was not only one of America’s great editors, he was a superb writer himself. I started to read this book and finished it in a day—something I can’t often say of a book. After four decades in the editor’s chair, a normal individual might pardonably have settled into a comfortably jaded rut. In Ken’s case, not a bit of it. Paul Fidalgo’s obituary as editor of Free Inquiry, CFI’s other journal, got it exactly right: “Not only was Ken not bored or jaded, he was ebullient. As he assembled each new issue of Skeptical Inquirer, he would be bursting with pride about the wealth of knowledge and insight he had the privilege of sharing with readers. He was so grateful that his job allowed him to keep learning fascinating new things every day, all the way into his ninth decade on Earth.” I couldn’t say it better, so I won’t. Except to add that he was one of the most humanely decent men I ever met.











  
INTRODUCTION Escaping the Maelstrom





  Misinformation swirls about us like a hurricane that never ends. It is constant, ever-renewing, resilient, overwhelming. It seems that we might never escape the maelstrom. Falsehoods have always flown like the wind, while truth does a slow walk, as Jonathan Swift and others have long noted. But something seems different these days. Way back in 1987, my organization held a conference called “The Age of Misinformation.” That theme was both topical and prescient because today, in this third decade of the twenty-first century, studies show that misinformation spreads faster, farther, broader, and deeper than accurate information. The algorithms of social media sites, the bots of bad-actor nations, and the current political-cultural climates of divisiveness all actively encourage the spread of misinformation. These and other toxic social forces amplify the abuse exponentially and poison our own sense of reality and the trust in others necessary for societies to cohere and for democracies to function.




  When that misinformation and disinformation seek to nullify facts and evidence about the science of nature, life, and ourselves and present false and unsupported views as true, the result is something we can likely call pseudoscience. Pseudoscience is everywhere, following real science like a shadow, never quite revealing itself for what it is. Pseudoscience is pervasive, potent, unrelenting. It confuses people and impedes the public acceptance of good science. It advances powerful countercurrents contrary to common sense and good science, making truth constantly swim upstream against cascading headwaters of misguided misinformation designed to appeal to our deepest fears, wants, and wishes. What can be done? The first thing is to recognize it. To begin our inquiry, let’s consider some hypothetical but all-too-typical situations.




  Your son-in-law’s brother is smart and educated. He is an engineer, but he has a tendency to embrace strange conspiracy theories. He proudly propounds ideas that don’t sound credible. When the COVID-19 pandemic hit and vaccines against this terrible ailment became widely available, he refused to get vaccinated. He somehow managed to get a religious exemption, even though he is not religious. The family quit inviting him to holiday gatherings, first because they became tired of hearing his exaggerated stories, and now because he was unvaccinated.




  You like a work colleague, but he sees conspiracies everywhere. When the pandemic hit, he embraced many of the myriad conspiracy theories about how it happened, and later he fell in with the virulent antivaxxer movements that encouraged vast segments of the population to remain unvaccinated, endangering everyone else. He still thinks that the collapse of the World Trade Center buildings on 9/11 was brought about by explosives purposely hidden inside the buildings, not from the hijacked airliners that crashed into them. He even still has some doubts that the United States landed men on the moon. He and his wife worry about fluoride in our water. He sometimes talks about ancient orders of secret societies he thinks somehow control our destinies today. He goes on social media and finds welcoming groups devoted to all kinds of conspiracy theories. They reinforce his leanings, and he soon seems swallowed up by these rabbit holes of misinformation and near-paranoid thinking.




  Your neighbor is educated, smart, hardworking. He’s a regular guy in most respects, except for one thing: He’s convinced that beings from another planet have visited Earth. Not only have they visited, but they also have interacted with the population and caused certain people to undergo personal “transformations” that are so profound that they have achieved a higher plane of reality. This belief your neighbor holds so adamantly seems incongruous for someone you like and care about. You’ve talked with him about it and gently questioned why he believes what he believes, but he seems terribly sincere and sure. You realize this isn’t a casual fad he has momentarily adopted but a lifetime emotional commitment—an entire personal worldview shaped by what to your mind might seem a delusion.




  You are a biology teacher with a very bright student. She has studied all the material in your unit on biological evolution and seems to understand it. She can pass your tests and parrot back to you the basic facts and concepts, but you can tell she has serious reservations about the subject, so much so that you wonder if she is studying it only to develop arguments that she may use later to try to oppose its key insights.




  Your dear friend recently was diagnosed with cancer. Without treatment it is likely fatal, but she decided to avoid any treatments that Western medicine offers. Instead, she underwent a variety of alternative therapies—colonics, specialized exercises involving expensive equipment she had to buy, and magnetic therapies. Her healers told her that by doing so she will avoid the poisons of chemotherapy and radiation and be cured of her cancer. She accepted their advice and avoided scientific medical treatments for two years, with almost predictable results.




  What can you do? Most people start looking for sources of reliable scientific information, but how do you know what’s reliable? How, in fact, do you know what really is scientific? And what does that mean anyway? How can you tell good science from bad science, real science from bogus science? We know science can do enormous good, but is there a way for regular people to judge what is real science and what isn’t? And if you are a scientist, physician, teacher, engineer, or someone else who already has considerable scientific knowledge, then how can you best deal with this gap between what you know about science and the troubling misconceptions held by your students, patients, clients, neighbors, and much of the general public?




  I hope this book can help. This book is about thinking about science and thinking about pseudoscience. Pseudoscience is a term mostly unfamiliar to us. I suggest it should be better known and understood. I want everyone to be able to identify pseudoscience more easily. The differences between science and pseudoscience are immense, but in practice, most people need some help seeing them. There are good reasons the task is difficult. I examine them in the course of this book.




  Why not call it fake science? That term is shorter. It has some power. Some things I present about are definitely fake science, but I prefer pseudoscience because the term fake science, like fake news, has already become politicized and brandished like a weapon by partisans of particular points of view, without regard to science, facts, or evidence. Pseudoscience, in contrast, has a long history of use within science and philosophy. It has not been coopted by political partisans.




  First, about science: I love science. I love its exuberant quest to find out things. To answer our questions about nature, the universe, ourselves. To have the tools to out what’s real and what is not. To find out what is most likely true and not true. Science is one of humanity’s greatest and most successful inventions. We should exalt it as much as we do music, art, literature, sports, and entertainment. It is a treasure—an underappreciated treasure. (Yes, it has flaws, as well, like any activity carried out by human beings, but science works mightily to minimize them. I talk about that later.)




  When asked, large majorities of people say they trust science. Even in this age of distrust, polls consistently show that trust, both in the United States and globally. In the United States, science is trusted more than any other group except the military; in other countries the military ranks farther down. Most people do appreciate science’s findings, its major discoveries, and they definitely appreciate its practical uses, like developing new medicines and treatments and new cell phones that have amazing qualities. Many others, though, still stubbornly reject certain findings they feel conflict with their own worldviews. Nevertheless, few know much about how these advances were achieved, the kind of thinking and effort behind them. Science’s innovative methods, its emphasis on systematic observation and experiments, its safeguards, and its communities (collaborative and competitive) provide a unique blend of powerful creativity and systematic rigor. Together, all these attributes allow us to winnow out deep truths about nature and distinguish reality from conjecture. In these weird and troubled times, when fact and opinion, evidence and belief, fake news and real news are increasingly conflated and where lies and fake information spread on social media far faster, farther, and deeper than truths and real news, this ability to distinguish what is real is more important than ever. It is crucial to the health of our democracies and to our long-term survival.




  In thinking about these questions, we need to make a distinction between science and scientists. Scientists are human and imperfect. Like all of us, they make mistakes. They may have strong views and personal biases. As Isaac Asimov once said, “A scientist is as weak and human as any man, but the pursuit of science may ennoble him even against his will.”1




  Scientists are taught and strongly encouraged to try to overcome these personal influences and to favor the evidence. They are trained to seek objective facts and shun subjective beliefs—difficult as that may be to do. But we don’t just rely on their good intentions. Hardly! The processes of science have something built into them that few other human activities have: a series of error-correcting mechanisms. These, too, are not perfect, but over time, they tend to work very well. They help root out provisional findings that don’t stand up to repeated tests. They help distinguish solid scientific results from wobbly ones. They sift out results that are most likely inaccurate and invalid from those that are most likely true and real. They are our reality detectors. They are our bullshit detectors. And over time, this leads to an increase in real knowledge. That is the special and mostly unappreciated genius of science.




  These processes are messy. There are ups and downs. There are wrong turns and dead ends. They take time. Scientists are generally aware of how they work (or sometimes don’t), but to the rest of us, they remain essentially invisible, lost in the fine details that seldom make the news. And while scientists are indeed imperfect, most good scientists do their best to take a careful and even humble approach to nature’s almost unfathomable mysteries. This contrasts sharply with those who claim they seek knowledge but don’t embrace science’s methods and values. They instead tout amazing claims before anyone else has confirmed them and sometimes even after many others have disconfirmed them. When they do so, they may be fooling either themselves or the rest of us. This counterscience is ubiquitous. It has a beguiling appeal. We call it pseudoscience.




  Pseudoscience is everywhere, lurking in the shadows of real science. Pseudoscience pretends to be science and coopts some of science’s language, but it betrays itself with an absence of scientific methodology, grandiose and unsupported claims, direct appeals to the public, reliance on anecdotes and testimonials, rewards for wishful thinking, and failure to build on recent and past published scientific research. Antiscience, a special case of pseudoscience, is a direct hostility toward science or toward unwelcome scientific findings. It often has organized support. Antiscience has several especially pernicious strains in today’s public discourse: climate science denial, the antivaccine movements that dangerously slowed our battle against the COVID-19 pandemic (and other diseases before that), antievolution creationism, opposition to GMOs—the list is long.




  Pseudoscience and its antiscience components confuse the public and impede scientific progress. Unchecked, they are dangerous to ourselves and to our democracies, which (I hope you agree) depend on our citizens and political leaders knowing the difference between what’s real and what isn’t. Facing up to pseudoscience and antiscience poses important scientific, intellectual, and practical challenges that are far from straightforward. Exploring the blurry boundaries between science and pseudoscience continues to fascinate philosophers, scientists, and vast segments of the general public alike.




  As this book shows, all scientific fields have pseudosciences living in their shadows, mimicking them in various ways and seeking the reflected respect science has earned. From time to time, the quieter ones get their opportunity to emerge and to try to make you think they are just as real and valid. Others preen with flash and glitz, have their own TV shows and websites, and promote themselves and products with brashness and certitude. This is the case whether you are talking about physics and astronomy, the earth sciences, anthropology and archaeology, psychology and the social sciences, or biology and biomedicine (the latter now especially).




  In these times, medical pseudoscience, or pseudomedicine, has emerged to dubious supremacy. It is a big part of what proponents call alternative medicine. Those who know better realize that pseudomedicine—pseudoscience in health care—is perhaps the largest single field of pseudoscience today, and the one most filled with potential harm to consumers. Even more than many other pseudosciences, pseudomedicine has a vast reach and influence on our media, politics, and culture. Pseudomedicine has attracted famous celebrity promoters. Some are physicians themselves with a weird sense of their responsibilities under the Hippocratic oath; others are television or movie stars who unflinchingly tout dubious products for profit. But pseudomedicine disguises itself even better than most other pseudosciences and so has gained a semirespectability it does not deserve.




  I’ve professionally observed, studied, and confronted pseudoscience for a very long time. As a young science journalist, I was editor of Science News magazine in Washington, DC, where we tried to bring accurate and clearly explained scientific information to the public weekly. We did our best to present new advances in a scientifically responsible way, in perspective and without exaggeration or sensationalism. Before that, I was editor of the newsletter of the National Academy of Sciences, reporting on panels of the country’s greatest scientists called to provide advice on pressing national issues; even there, we occasionally dealt with fringe claims, such as publishing the academy’s formal review before its official release of the famous Condon report that cast a negative light on claims of flying saucers. And for the past four decades, I have been editor of the groundbreaking bimonthly Skeptical Inquirer: The Magazine for Science and Reason. Many of the world’s most prominent scientists, scholars, educators, and investigators have contributed. They examine all manner of extraordinary claims, usually those having some scientific angle or content, even if not using a scientific approach. The involvement of these scientists and academics brings high standards of scholarship and raises the level of discourse. They bring scientific rigor and thinking to an area sorely deficient in those qualities. Their efforts reemphasize to us all how interesting, significant, and relevant these examinations are. Like them, I find these subjects both inherently fascinating and crucial.




  In this book, I want to give a sense of science’s methods, aims, and values and forthrightly contrast them with those of pseudoscience. I report on some of science’s recent discoveries and show a bit about how they were achieved. I can’t do the same for pseudoscience because—well—it has none. You can understand pseudoscience only if you understand something about real science. I examine the myriad issues and competing ideas encountered in identifying and confronting pseudoscience (including whether we should even use that term; I argue that we should). I consider the harm it does (to people, to society, to science itself, even to the animal world); chronicle scientific efforts to counter or expose it; and survey some prominent examples of investigations, past and present. I offer a full chapter on the values of science, a topic I think is too little appreciated. That is probably because most scientists are loath to talk to the public about their values because doing so may seem self-righteous or self-congratulatory. I can do that for them. Because I have covered weather and climate science all my life, my extended case study on antiscience focuses on climate antiscience and denial. I also provide one of the first extensive inside reports on the rise of the modern skeptical movement that examines pseudoscience and extraordinary claims of all sorts, first in the United States and then globally. I provide numerous examples that demonstrate how pseudoscience, pseudoscientific thinking, and antiscience infect the wider culture—all of human society, in fact, including, most recently, our political systems. I write in a personal style that draws on my own experiences with these subjects. I hope you will find it congenial. I do my best to avoid jargon and undue complexities.




  In the end, I hope professionals in these fields may find some new ways to look at these troublesome issues. I hope to reinforce their commitment to critically examining pseudoscience. I hope to provide some needed structure and overview to what can at times seem a fragmented, isolated activity. And I hope to raise some new issues for discussion. For the intelligent general reader who shares my sense that science is wonderful but who nevertheless is curious about fringe science and its extraordinary, all-too-wonderful claims—or who knows a loved one who has fallen prey to the siren songs of pseudoscience—I hope that you may see why I love and treasure science so much. I hope you will be better able to identify the pseudoscience and antiscience swirling all around us and see how they have managed to infiltrate our institutions so pervasively. My hope is that this may equip you to come up with your own ideas and strategies to help others in this quest.




  And when you are all done, I hope you all may share some of my passion, love, and appreciation for the methods, values, ideals—and ultimate effectiveness—of science. If you weren’t already, I hope you may become newfound or newly committed defenders of science and reason.











  CHAPTER ONE




  SCIENCE AND THE FRONTIERS OF DISCOVERY




  Many people have an unfortunate misconception about science. We might call it the textbook view. It holds that science is dry, static, dull, settled. Scientists don’t think that. I don’t either. It is an understandable but misguided view. It probably stems from our school days. I can sympathize with it and see where it arises. I am sure you can, too. When you learn some of what’s happening at the leading edge of scientific discovery, though, all that can change. You suddenly enter a fascinating world of novelty and delight. New findings in science can invigorate us. They can inspire us. They can give us a sense of progress and possibility. They lead to new ideas and innovation. They change the world.




  This exciting new world is initially more tentative, less certain, to be sure. It requires discernment. Hundreds of thousands of scientific papers are published each year. Many prove incomplete or insufficient in some way and more or less fall by the wayside. Most advance their science in small, incremental, yet necessary steps of importance, mainly to their fellow researchers in a particular sub-subfield. A few take bigger leaps and have the prospect of contributing mightily to our larger scientific understanding of the world. Yet always—yes, always!—the findings are subject to revision, from new and better evidence, more advanced instrumentation, challenging critiques, and different and more insightful interpretations. That openness to new evidence is a powerful strength of science. This openness is the opposite of dogma. Dogma, resistance to all contravening evidence in favor of a deep-seated belief, is anathema to science.




  To start this book and I hope to get us all thinking, here are a few recent scientific results I find especially interesting. Where along this spectrum of significance I mentioned earlier do you think these might fall? And where might they end up? In future textbooks? Forgotten? Or somewhere in between, incremental contributions to scientific understanding?




  Are There Earthlike Planets Nearby?




  Thousands of planets orbiting other stars have been tentatively identified. We call them exoplanets. Those discovered first were naturally very large and probably Jupiter-like gas giants. But in 2016, scientists using the European Southern Observatory’s planet-searching telescope HARPS announced detection of a rocky planet about 1.3 times the mass of Earth orbiting Proxima Centauri, a red dwarf star just 4.24 light-years away in the triple-star Alpha Centauri system—the nearest to Earth. The star is a lot different from our Sun, however; it has a magnetic field six hundred times stronger than the Sun and periodically erupts in massive flares, which might make any possibility of life developing on the planet remote.




  Then, in 2017, NASA and a Belgian-led research team announced discovery of not one but seven Earth-size rocky planets around one star, Trappist-1, thirty-nine light-years away. This star is a cool and dim dwarf star, but the newly discovered planets orbit it close enough to get suitable light and heat. Three of the planets, in fact, are in the habitable (“Goldi-locks”) zone, where liquid water, and therefore life, might exist. If this kind of configuration is common, one astronomer commented, then our galaxy could be teeming with Earthlike planets. This announcement was greeted with enormous enthusiasm. Some called it hitting the exoplanet jackpot.




  The Discovery of Gravitational Waves




  Einstein’s general theory of relativity predicts the existence of gravitational waves, ripples in the very fabric of space-time created by colossal cataclysms in the universe. For four decades, scientists looked for them in vain. Many alleged discoveries proved to be false alarms. Then, in the early morning hours of September 14, 2015, something incredible happened. LIGO, a sophisticated gravitational wave detector in Louisiana, had just been upgraded so that it could discern a change of less than one one-thousandth the diameter of a proton in the four-kilometer-long distance between its mirrors, and it was turned on for the first time. Just an hour later, it got a signal. Seven milliseconds later, an identical LIGO detector in Hanford, Washington, three thousand kilometers away, got exactly the same signal. The waveform, or pattern of vibrations, recorded at the two sites (indicating how much the two detectors’ tunnels lengthened and shrunk as the wave passed) was identical. This was the long-sought, first direct detection of gravitational waves.




  Analysis of the waveform showed that this disruption in space-time was caused by the collision of two massive black holes 1.3 billion light-years away, one thirty-six times the mass of the Sun, the other twenty-nine times the mass of the Sun. In two-tenths of a second, the two black holes merged into one single black hole sixty-two times the mass of the sun. The remaining three solar masses were converted into gravitational wave energy, so much so that it shook space-time and was detectable here on Earth.




  For five months, the LIGO scientists carefully scrutinized the data to make sure they were right. They held their breath while reviewers of their draft scientific paper checked everything. Finally, in late January 2016, the reviewers’ feedback came in: They were positive, enthusiastic, even congratulatory. When the discovery was announced in Washington, DC, and simultaneously published in Physical Review Letters on February 11, 2016 (“Ladies and gentlemen, we did it!” exclaimed LIGO’s executive director), the world scientific community was jubilant. The news media and public joined in the celebration. The editors of Science magazine chose the discovery of gravitational waves as its 2016 breakthrough of the year. Gravitational waves from three more black hole collisions have been detected since. As I expected, when the 2017 Nobel Prizes were announced, the prize for physics went to three of the leaders of the LIGO project for this discovery.




  By 2021, five years after the discovery of the first gravitational waves, more than fifty additional gravitational-wave events had been detected, dozens of them from binary black hole mergers (others are from collisions of neutron stars or other compact objects). The two original gravitation-wave detectors underwent upgrades to their sensitivities, and additional detectors were under construction, so we can expect still more exciting discoveries in the future.




  The First Image of a Black Hole




  In April 2019, an international team called the Event Horizon Telescope (EHT) Collaboration announced they had obtained the first image of a black hole. To make this epic accomplishment, they used ten radio telescopes on four continents to effectively create a single, virtual telescope the width of the Earth (which provides the extremely small resolution needed). The achievement confirms (once again) the predictions of Einstein’s general relativity theory.




  The project required immense planning and cooperation and was only possible because they chose to image a supermassive black hole, the one long suspected to be in the center of a galaxy called M87. Even though M87 is part of our “local universe,” it is still 55 million light-years away. But it turns out that the black hole at its center is so massive that it holds the equivalent of 6.5 billion of our Suns. Its diameter of 38 billion kilometers (24 billion miles) is almost the size of our solar system. The ring of light we see in the image is electromagnetic radiation emitted as a disk of accreted matter surrounding the black hole as it falls into it. The black hole itself is indeed black.




  The EHT Collaboration has also been attempting to image the much more ordinary-sized black hole that was assumed to be at the center of our own galaxy. It is in a dimmer source called Sagittarius A* and is only one one-thousandth the size of the M87 black hole. Counterintuitively, it is much more difficult to image than the far more distant M87, not just because it is smaller, but also because of the dust and gas on the galactic disk. Finally, on May 12, 2022, came the announcement: The EHT team had captured the first image of the black hole at the center of our own galaxy. The long-awaited image looked very similar to the image of M87. It was the first direct evidence that the object at the center of our own galaxy is also a black hole. It has about 4.15 million times the mass of the Sun. “What’s more cool than seeing the black hole at the center of the Milky Way?” said one of the former EHT team members at a Washington, DC, press conference.




  
How Old Is the Universe?




  The European Space Agency’s Max Planck space telescope recently measured the universe’s primordial cosmic background radiation to enough precision to determine that the universe is 80 million years older than had been thought: 13.8 billion years (rounded to the nearest significant figure) instead of 13.7 billion years. More specifically, the universe is 13.798 billion years old, give or take 0.037 billion years! The same observations also show that the universe is 3 percent broader than we’d thought and is expanding at a rate 3 percent less than previous estimates. To accomplish these findings, the Planck satellite had to measure temperature variations in space caused by the afterglow of the big bang to one one-millionth of a degree. One physicist said of the results, “Amazing.”




  What Is the Universe Made Of?




  The same Planck satellite measurements show that the universe is made of slightly more matter and slightly less energy than previously thought. In the lifetimes of most of us, we have learned that the ordinary matter that makes up everything we are familiar with can account for only a small fraction of the mass and energy in the universe. Dark matter is an unseen something (we know it only from its gravitational effects) that holds galaxies together but doesn’t interact with light. Then, in 1998, scientists discovered that the expansion of the universe is happening at an ever-increasing rate. It was an epochal finding. It brought Nobel Prizes to its discoverers. Dark energy is the name we’ve given whatever it is that is making that happen.




  Before the Planck observations, we thought the universe’s makeup was 72.8 percent dark energy, 22.7 percent dark matter, and 4.5 percent ordinary matter. The after-Planck totals are 68.3 percent dark energy, 26.8 percent dark matter, and 4.9 percent ordinary matter. Those may not seem very big differences, to be sure, but consider that not too far back, we had no awareness of dark matter and dark energy at all. Think what it took to gain the ability to determine these proportions, let alone to 0.1 percent. And then think what it means to say that almost 95 percent of the mass-energy in the universe is still unidentified. Some big discoveries must lie ahead. How exciting! How humbling!




  
Has a Signal of Dark Matter Been Detected?




  Dark matter can’t be seen, of course, but two groups of physicists in 2015 reported detection of an X-ray signal that they suggest might be due to the decay or mutual annihilation of particles of dark matter. They reported X-ray emissions having an energy of 3.5 kiloelectron volts (keV) coming from several galaxies, including our own, and galaxy clusters. The journal Physical Review Letters accepted a paper by one group from Leiden University in the Netherlands reporting such a peak coming from the center of our own Milky Way galaxy. The authors said the intensity of the 3.5 keV peak lies in the right range to be produced by dark matter reactions. But other researchers were skeptical that the emission lines were real or that dark matter collisions could be the only explanation for them. Better observations by new X-ray satellites were needed to plot the shape of the peak and strengthen the case for these emissions being flashes of dark matter.




  What Caused the Biggest Mass Extinction in Earth’s History?




  About 252 million years ago, some catastrophic event happened that destroyed 90 percent of all the marine species on the planet, leaving us a fossil record of near-total destruction that geologists call the Permian-Triassic boundary. The cause of this close-to-total pinch-off of life on our planet has long been a mystery. In late 2013, Earth scientists reported that they had identified the likely culprit, and it confirms previous speculations. A series of massive volcanic eruptions in Siberia lasting two million years spewed volcanic sulfur dioxide into the atmosphere, touched off massive coal fires, carpeted an area of Siberia the size of western Europe with basaltic rock (geologists call that area the Siberian Traps), and nearly brought life on Earth to a close. Geochronologists recently dated the events to a precision never before possible using the slow but steady decay of uranium-238 to lead-206 in crystals. They found that the eruptions began 252.28 million years ago, and the extinctions began 251.94 million years ago, properly placing the putative cause ahead of the undoubted catastrophic effect.




  It had to be a momentous transition. The first organisms on Earth were single cells. Getting from that stage to more complex multicellular organisms—which has enormous advantages—has always seemed a giant hurdle, an almost unbridgeable gap. But recent findings indicate the gap may not have been so unbridgeable after all. First, studies of evolutionary history show that the switch happened multiple times in the past, and this indicates the hurdles must not have been so high as thought. Second, genetic comparisons now show that much of the genetic equipment to change from single-cell to multicell status was already in single cells’ genetic package before the leap started. And third, new laboratory experiments have shown that the transition to multicellularity can happen in just a few hundred generations, nothing at all in evolutionary time. So what seemed a difficult biological hurdle now seems not so much of an unexplainable leap after all.




  What Did We Learn from Landing on the Bed of an Ancient Lake on Mars?




  NASA’s Mars Perseverance rover landed on the floor of Jezero crater on Mars on February 18, 2021. The site was chosen especially because orbital images had shown two sedimentary fan structures at the site inferred to be river delta deposits from an ancient lake on Mars (3.6 to 3.8 billion years ago). Two cameras on the rover took a series of detailed images of the outcrop faces of the western fan, invisible from orbit, during the first three months after landing.




  In November 2021, an international team of thirty-nine scientists reported the results. They show that the lake, which they determined had no outlet, underwent two different hydrologic periods. The first was fairly normal, with inflows of water forming river deltas much as they do on Earth. But the second, indicated by conglomerates of boulders in the uppermost strata, was more violent and episodic, with floods so energetic they were capable of moving meter-size boulders over distances of potentially tens of kilometers. These multiple flood episodes could have been due to intense rainfall, rapid snowmelt, or even built-up glaciers surging episodically. And the finer-grained, bottommost strata, they say, has “high potential to preserve organic matter or potential biosignatures.”1 So humans, via their instrumented spacecraft surrogates, have landed on an ancient Martian lakebed and helped decipher its evolution, confirming that Mars was once warm and humid enough to support a hydrologic cycle, at least episodically. As for whether these conditions could have supported life, stay tuned.




  Where Is the Second-Tallest Mountain in the Solar System? What Dwarf Planet Has an Ocean?




  We know that Olympus Mons, on Mars (subject of an Arthur C. Clarke short story, “The Snows of Mount Olympus”), is the largest mountain in the solar system, rising twenty-two kilometers, or nearly fourteen miles, above the Martian surface. But what planet has the second-highest mountain? Answer: Not a planet at all (at least not yet). It’s an asteroid, Vesta. NASA’s Dawn spacecraft orbited Vesta in 2011–2012 and surveyed the surface. It found a mountain in a large impact basin at the asteroid’s south pole towering twenty kilometers, or more than twelve miles, above its base. This makes the mountain larger than Mauna Kea, the largest mountain so measured on Earth, which rises ten kilometers above the seafloor. The Dawn satellite also showed that Vesta has ancient lava flows and tec-tonic features. As a result, Dawn’s principal scientist said he now considers Vesta (530 kilometers in diameter) to be the smallest terrestrial planet, putting it into the same category as Earth, Mars, Venus, and Mercury.




  Dawn then flew on to dwarf planet Ceres, which comprises a third of the total mass of the asteroid belt, and went into orbit around it in July 2015, thereby becoming the first spacecraft to orbit two planetary bodies. From then until November 2018, Dawn studied Ceres from orbit, coming as close as twenty-two miles from its surface and making more epic discoveries. One of them, announced in August 2020 in the journal Nature Astronomy, was especially amazing: evidence of a briny ocean. Bright spots seen on Ceres from early photos subsequently turned out to be a crust of sodium chloride—salt—deposits, and later, high-resolution images from the close orbit led to the discovery of an underground reservoir perhaps hundreds of miles across lurking twenty-five miles below the dwarf planet’s Occator Crater. “Ceres is now an ocean world,” declared one planetary scientist. The salt deposits and the water bringing them to the surface are young, so it looks as if Ceres not only has one or more subsurface oceans but also that the planet may still be quite active. It could even be a good place for the synthesis and catalysis of complex prebiotic chemicals.




  
Can We Make Cancers Destroy Themselves?




  Typically, discoveries are not sudden but accumulate over time from the work of many research groups. That is what has happened with cancer immunotherapy. There is a molecule called CTLA-4 that keeps our cancer-fighting T cells from doing their job. Evidence has been building for some time now that it may be possible to block the action of CTLA-4—in effect blocking the blocker—and thus springing the immune system free to destroy tumors. Clinical trials are beginning to show the success of this approach. These and other positive signs have grown to the point that a leading science journal chose cancer immunotherapy as 2013’s breakthrough of the year.




  What Do Our Molecules Look Like?




  We now finally can obtain images of important large molecules in our cells. In 2014, scientists at Cambridge University reported that they have obtained images at near-atomic resolution of large macromolecules. By averaging thousands of electron cryomicroscopy images before the process damages the cells, they have imaged the structure of a large subunit of the mitochondrial ribosome. Ribosomes translate the linear genetic code into three-dimensional proteins. The resolution is an incredible 3.2 angstroms; one angstrom (10-10 meter, or one-tenth of a nanometer) is approximately the size of a hydrogen atom. The achievement is said to herald a new era in molecular biology. Even a few years earlier, what these scientists achieved was thought near-impossible.




  Were Humans in Europe 200,000 Years Ago?




  In July 2019, a team of twelve researchers reported that two skulls from Apidima Cave in southeastern Greece date to more than 170,000 years ago and indicate that two different forms of human groups occupied the site. Their uranium-series radiometric dating methods and their analyses of the damaged skulls determined that one skull is more than 170,000 years old and has Neanderthal-like characteristics. But the other skull is even more surprising. It dated to more than 210,000 years ago, and they say it presents a mixture of modern human and primitive features. The researchers contend that this indicates that both an early Homo sapiens population and a later Neanderthal population were present in the cave. If this finding holds up, then the 210,000-year date would be the earliest example of Homo sapiens outside the African continent. The date also precedes, by 160,000 years, any Homo sapiens fossil previously found in Europe.




  The researchers said their findings support multiple dispersions of early modern humans out of Africa and show the highly complex dynamics between different populations of modern humans in southeast Europe. The skulls have been in a museum in Greece since 1970, and a number of paleoanthropologists not involved in the research urged caution toward the claims.




  I find it exhilarating that we can learn such things. We are primates. Our ancestral cells evolved in Earth’s primordial muck, and our upright-walking ancestors emerged out of the African savannahs only a few million years ago. I find it moving that since that time, we have not only developed the curiosity about the origin, the age, the size, the physical makeup, and the future of the universe (and ourselves) but also have very recently created the intellectual and technological tools to find the answers—and to comprehend those answers once found.




  Multiply these discoveries and insights by many thousands in every scientific field and then by the ever-increasing number of scientific fields and subfields, and you may begin to get a sense of the vigorous, robust world of scientific discovery before our very eyes. Yet most of us have only the vaguest awareness of it, and that’s even after you subtract the results that will be found flawed or wrong in some way, a natural and expected part of science at the frontiers.




  Regarding flawed results, let’s take one more example of a fairly recent discovery: Have we detected the earliest evidence of cosmic inflation? On March 17, 2014, American scientists using a special telescope in Antarctica announced, to enormous worldwide excitement, that they had detected the earliest echoes of the big bang. They announced that their BICEP2 telescope experiment had detected gravitational ripples in the cosmic background radiation generated from the amazingly short but incredibly rapid period of exponential cosmic inflation that followed the big bang explosion that created our universe.




  The discovery was widely heralded. Some scientists compared it in importance to the 2012 discovery at the CERN Large Hadron Collider of a long-sought particle called the Higgs boson, which explains the origins of mass. That discovery garnered the 2013 Nobel Prize in Physics for the theoreticians who predicted it (François Englert and Peter Higgs). Yet only two months after the exciting news of the cosmic inflation discovery, in May 2014, came disappointing news from a different research group: What the Antarctic telescope had detected may have been an artifact of dust within our own galaxy. The size of the signal in the cosmic background radiation had been a surprise, but it now looked as if a misunderstanding about complex maps of the intervening dust may have led scientists to overestimate and misinterpret the signal.




  Their research wasn’t yet published in a scientific journal, and they were awaiting new data from the previously mentioned Planck satellite. That came September 22, 2014, and it cast further doubt on the initial claim. It was a detailed map of interstellar dust in our galaxy. Planck’s full-sky map shows that the patch of sky observed by the BICEP2 telescope was not among those areas with the least dust. In fact, the new results showed there are no “clean” windows where primordial cosmic microwave background radiation can be measured without subtracting emissions from dust. And this means it is even more likely that the initial result was due to such dust and not a signature of primordial gravitational waves. A joint analysis by both groups began and was expected finally to resolve the dust-contamination issue one way or the other.




  In early 2015, the results of that collaborative analysis were announced. It was a near death knell for the original discovery. The BICEP2/Keck Array and Planck Data collaboration group consisting of more than two hundred scientists found that the effects of the intervening dust were such that the significance of the original data is too low to be interpreted as evidence of primordial gravity waves. This means that the original data from the Antarctic telescope were almost certainly not a detection of gravity waves from the big bang. “Unfortunately, we have not been able to confirm that the signal is an imprint of cosmic inflation,” conceded Jean-Loup Puget of the Institut d’Astrophysique Spatiale in Orsay, France, and principal investigator of the Planck instrument.2




  If wrong, as appears to be the case, then is this finding an example of bad science, flawed science, or just regular science? Well, the scientists in question and their institutions all have good reputations. They were using extremely complicated equipment and attempting detection of something never before detected. They certainly thought they were being very careful. It is hard to fault them too much. In an important sense, this episode, still in progress, shows how the processes of science work, bringing intense critical scrutiny to every new finding. Only those findings that successfully pass through all these critical filters repeatedly can become part of human knowledge. In that sense, what happened may show once again the strength of the scientific process in ensuring that any new claim to knowledge has repeatedly survived rigorous examination.




  Here’s another example, even more recent, of the filters in action. They are not pretty in this raw form, but the result should eventually bring greater clarity. Did a geomagnetic event 42,000 years ago change life on Earth? An international group of thirty-three scientists published a paper in February 2021 based on studies of a 42,000-year-old kauri tree trunk recently unearthed from a New Zealand bog where it had been nicely preserved. Their studies showed that radiocarbon levels in the wood’s tree rings surged around that time, an indication that Earth’s protective magnetic field weakened and its magnetic poles flipped, north to south. Such reversals have happened many times in Earth’s past and have been thoroughly documented, but this one is geologically very recent, during human prehistory.




  They pinned down this magnetic flip event, the most recent in Earth’s history, in fairly fine detail. But in their paper, “A Global Environmental Crisis 42,000 Years Ago,” the scientists, led by Alan Cooper of the South Australian Museum, went well beyond that. They speculated that the increases in incoming radiation (from cosmic ray bombardment) would have briefly shifted Earth’s climate, contributing to the disappearance of large mammals in Australia and the Neanderthals in Europe. They even speculated that the magnetic event may have had something to do with humans’ beginning to make elaborate cave drawings in Europe and Asia. If true, then this discovery would be a major advance in understanding human prehistory. Even at the time of publication, some scientists expressed concerns about the group’s speculations.




  Then nine months later, in November, two different teams of scientists blasted that part of the paper. Their full texts were published online in the form of “technical comments,” but brief abstracts of them were published in in the same journal as the original paper. John Hawks’s critical comment ended, “These authors misrepresent both the data and interpretations of cited work on extinctions and human cultural changes, so the specific claims they make about extinctions and cultural changes are false.”3 The second team of scientists reviewed the original group’s claim about major behavioral changes within prehistoric groups and human and animal extinctions and had this biting comment: “Other scientific studies indicate that this proposition is unproven from the current archaeological, paleoanthropolgical, and genetic records.”4 Whew! One wouldn’t want to be on the other end of those criticisms.




  But the original study’s authors, in response to these two critical comments, defended their study. To the first they wrote, “Although we welcome the opportunity to discuss our new ideas, Hawks’ assertions of misrepresentation are especially disappointing given his limited examination of the material.”5 To the second critique, they responded,






   Our study on the exact timing and the potential climatic, environmental, and evolutionary consequences of the [magnetic reversal] has generated the hypothesis that geomagnetism represents an unrecognized driver in environmental and evolutionary change. It is important for this hypothesis to be tested with new data, and encouragingly, none of the studies presented by Picin et al. undermine our model.6







  When I first read the original paper by Cooper and colleagues, I found it so intriguing that I underlined key passages, clipped it out of my copy of Science, and saved it in a file folder (I’m old school). Identifying a geomagnetic reversal in relatively recent times is important scientifically, but if the reversal had numerous effects on life on the planet at the time, then that would seemingly boost the study to still another level of significance. But then came the two critical technical comments. The critics minced no words. What to think?




  First, this is how science works. New findings are subject to rigorous criticism. They prevail only if they can stand up to them. Second, note that the critics aren’t condemning the paper’s main finding: confirming in precise detail a reversal of Earth’s magnetic field about 42,000 years ago that lasted less than 1,000 years. What upset the paper’s critics were the authors’ suggestions that contemporaneous climatic and environmental impacts occurred 42,000 years ago, coincident with Earth’s weakened magnetic field and immediately preceding the reversed state of polarity. The paper said the event “appears to represent a major climatic, environmental, and archaeological boundary that has previously gone largely unrecognized.”7 The critics disagreed with those sweeping statements. But how familiar were they with all that new data? This controversy is so new that the full resolution is still in the future. Who will turn out to be right? At this point we don’t yet know.




  Science at the frontiers is like that. We really don’t know for sure until all the facts are in, all the criticisms are weighed, other scientists consider the original paper and its criticisms, and still others subject them to new analysis—perhaps even do new studies of their own. This may be hard on the original researchers, but it is a fine pathway to the truth. And to outside observers like you and me, it makes the quest even more exciting.




  Polls show that most people do find scientific research important for many obvious and practical reasons. Scientific research forges economic progress, drives technological innovation, creates extraordinary new medical advances, and contributes mightily to the national defense. Applied research and development advance technologies, but the initial discoveries leading to many such technological advances usually arise out of fundamental research, sometimes done for entirely different reasons and decades earlier. The quest for fundamental knowledge can lead to amazing practical consequences and in unpredictable ways.




  Yet even if that weren’t the case, we would—as best we can—vigorously pursue scientific discovery. It is a part of our nature. It is a big part of how we create the future. We are discoverers. The quest for fundamental knowledge is noble. It is one of the best, most telling, most honorable characteristics of our species, an essential component of our very humanity. It is, at least in a figurative sense, in our DNA, our genes. Without this desire to explore, our ancestors wouldn’t have made it over the next series of hills, yet they populated the entire Earth. Without this thirst for knowledge and our ever-expanding abilities to painstakingly obtain it, we would not be who we are. The wonderful, exploratory, explanatory, error-correcting methods of science—including a vast array of tools to help sift the possibly true from the undoubtedly untrue—make possible that noble quest.











  CHAPTER TWO




  PSEUDOSCIENCE AND UNFOUNDED IDEAS




  For almost every area of science where real science is forging ahead, there is an equivalent pseudoscience creeping along in its shadows, seeking to gain some reflected glory from the science it tries to emulate. Pseudosciences pretend to be science, but they are not. Pseudo-sciences offer bizarre ideas, sensational theories, and dubious products unsupported by any findings from real science. They can be temptingly fascinating. Some are almost charming and may be fairly innocuous. Others can be deeply dangerous and pernicious.
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