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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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  CHAPTER 1




  The Nature


  of Matter




  




   




  Quantum Theory Tugged,


  and All of Physics Unraveled




  By DENNIS OVERBYE




  They tried to talk Max Planck out of becoming a physicist, on the grounds that there was nothing left to discover. The young Planck didn’t mind. A conservative youth from the south of Germany, a descendant of church rectors and professors, he was happy to add to the perfection of what was already known.




  Instead, he destroyed it, by discovering what was in effect a loose thread that when tugged would eventually unravel the entire fabric of what had passed for reality.




  As a new professor at the University of Berlin, Planck embarked in the fall of 1900 on a mundane-sounding calculation of the spectral characteristics of the glow from a heated object. Physicists had good reason to think the answer would elucidate the relationship between light and matter as well as give German industry a leg up in the electric light business. But the calculation had been plagued with difficulties.




  Planck succeeded in finding the right formula, but at a cost, as he reported to the German Physical Society on Dec. 14. In what he called “an act of desperation,” he had to assume that atoms could only emit energy in discrete amounts that he later called quanta (from the Latin quantus for “how much”) rather than in the continuous waves prescribed by electromagnetic theory. Nature seemed to be acting like a fussy bank teller who would not make change, and would not accept it either.




  That was the first shot in a revolution. Within a quarter of a century, the common sense laws of science had been overthrown. In their place was a bizarre set of rules known as quantum mechanics, in which causes were not guaranteed to be linked to effects; a subatomic particle like an electron could be in two places at once, everywhere or nowhere until someone measured it; and light could be a wave or a particle.




  Niels Bohr, a Danish physicist and leader of this revolution, once said that a person who was not shocked by quantum theory did not understand it.




  This week, some 700 physicists and historians are gathering in Berlin, where Planck started it all 100 years ago, to celebrate a theory whose meaning they still do not understand but that is the foundation of modern science. Quantum effects are now invoked to explain everything from the periodic table of the elements to the existence of the universe itself.




  Fortunes have been made on quantum weirdness, as it is sometimes called. Transistors and computer chips and lasers run on it. So do CAT scans and PET scans and MRI machines. Some computer scientists call it the future of computing, while some physicists say that computing is the future of quantum theory.




  “If everything we understand about the atom stopped working,” said Leon Lederman, former director of the Fermi National Accelerator Laboratory, “the GNP would go to zero.”




  The revolution had an inauspicious start. Planck first regarded the quantum as a bookkeeping device with no physical meaning. In 1905, Albert Einstein, then a patent clerk in Switzerland, took it more seriously. He pointed out that light itself behaved in some respects as if it were composed of little energy bundles he called lichtquanten. (A few months later Einstein invented relativity.)




  He spent the next decade wondering how to reconcile these quanta with the traditional electromagnetic wave theory of light. “On quantum theory I use up more brain grease than on relativity,” he told a friend.




  The next great quantum step was taken by Bohr. In 1913, he set forth a model of the atom as a miniature solar system in which the electrons were limited to specific orbits around the nucleus. The model explained why atoms did not just collapse—the lowest orbit was still some slight distance from the nucleus. It also explained why different elements emitted light at characteristic wavelengths—the orbits were like rungs on a ladder and those wavelengths corresponded to the energy released or absorbed by an electron when it jumped between rungs.




  But it did not explain why only some orbits were permitted, or where the electron was when it jumped between orbits. Einstein praised Bohr’s theory as “musicality in the sphere of thought,” but told him later, “If all this is true, then it means the end of physics.”




  While Bohr’s theory worked for hydrogen, the simplest atom, it bogged down when theorists tried to calculate the spectrum of bigger atoms. “The whole system of concepts of physics must be reconstructed from the ground up,” Max Born, a physicist at University of Göttingen, wrote in 1923. He termed the as-yet-unborn new physics “quantum mechanics.”




  Boy’s Mechanics




  The new physics was born in a paroxysm of debate and discovery from 1925 to 1928 that has been called the second scientific revolution. Wolfgang Pauli, one of its ringleaders, called it “boy’s mechanics,” because many of the physicists, including himself, then 25, Werner Heisenberg, 24, Paul Dirac, 23, Enrico Fermi, 23, and Pascual Jordan, 23, were so young when it began.




  Bohr, who turned 40 in 1925, was their father-confessor and philosopher king. His new institute for theoretical physics in Copenhagen became the center of European science.




  The decisive moment came in the fall of 1925 when Heisenberg, who had just returned to the University of Göttingen after a year in Copenhagen, suggested that physicists stop trying to visualize the inside of the atom and instead base physics exclusively on what can be seen and measured. In his “matrix mechanics,” various properties of subatomic particles could be computed—but, disturbingly, the answers depended on the order of the calculations.




  In fact, according to the uncertainty principle, which Heisenberg enunciated two years later, it was impossible to know both the position and velocity of a particle at once. The act of measuring one necessarily disturbed the other.




  Physicists uncomfortable with Heisenberg’s abstract mathematics took up with a friendlier version of quantum mechanics based on the familiar mathematics of waves. In 1923, the Frenchman Louis de Broglie had asked in his doctoral thesis, if light could be a particle, then why couldn’t particles be waves?




  Inspired by de Broglie’s ideas, the Austrian Erwin Schrödinger, then at the University of Zurich and, at 38, himself older than the wunderkind, sequestered himself in the Swiss resort of Arosa over the 1925 Christmas holidays with a mysterious woman friend and came back with an equation that would become the yin to Heisenberg’s yang.




  In Schrödinger’s equation, the electron was not a point or a table, but a mathematical entity called a wave function, which extended throughout space. According to Born, this wave represented the probability of finding the electron at some particular place. When it was measured, the particle was usually in the most likely place, but not guaranteed to be, even though the wave function itself could be calculated exactly.




  Born’s interpretation was rapidly adopted by the quantum gang. It was a pivotal moment because it enshrined chance as an integral part of physics and of nature.




  “The motion of particles follows probability laws, but the probability itself propagates according to the law of causality,” he explained.




  That was not good enough for Einstein. “The theory produces a good deal but hardly brings us closer to the secret of the Old One,” Einstein wrote in late 1926. “I am at all events convinced that he does not play dice.”




  Heisenberg called Schrödinger’s theory “disgusting”—but both versions of quantum mechanics were soon found to be mathematically equivalent.




  Uncertainty, which added to the metaphysical unease surrounding quantum physics, was followed in turn in 1927 by Bohr’s complementarity principle. Ask not whether light was a particle or a wave, said Bohr, asserting that both concepts were necessary to describe nature, but that since they were contradictory, an experimenter could choose to measure one aspect or the other but not both. This was not a paradox, he maintained, because physics was not about things but about the results of experiments.




  Complementarity became the cornerstone of the Copenhagen interpretation of quantum mechanics—or as Einstein called it, “the Heisenberg-Bohr tranquilizing philosophy.”




  A year later, Dirac married quantum mechanics to Einstein’s special relativity, in the process predicting the existence of antimatter. (The positron, the antiparticle to the electron, was discovered four years later by Carl Anderson.)




  Dirac’s version, known as quantum field theory, has been the basis of particle physics ever since, and signifies, in physics histories, the end of the quantum revolution. But the fight over the meaning of the revolution had just barely begun, and it has continued to this day.




  Quantum Wars




  The first and greatest counterrevolutionary was Einstein, who hoped some deeper theory would rescue God from playing dice. In the fall of 1927 at a meeting in Brussels, Einstein challenged Bohr with a series of gedanken, or thought experiments, designed to show that quantum mechanics was inconsistent. Bohr, stumped in the morning, always had an answer by dinner.




  Einstein never gave up. A 1935 paper written with Boris Podolsky and Nathan Rosen described the ultimate quantum gedanken, in which measuring a particle in one place could instantly affect measurements of the other particle, even if it was millions of miles away. Was this any way to run a universe?




  Einstein called it “spooky action at a distance.”




  Modern physicists who have managed to create this strange situation in the laboratory call it “entanglement.”




  Einstein’s defection from the quantum revolution was a blow to his more conservative colleagues, but he was not alone. Planck also found himself at odds with the direction of the revolution and Schrödinger, another of “the conservative old gentlemen,” as Pauli once described them, advanced his cat gedanken experiment to illustrate how silly physics had become.




  According to the Copenhagen view, it was the act of observation that “collapsed” the wave function of some particle, freezing it into one particular state, a location or velocity. Until then, all the possible states of the particle coexisted, like overlapping waves, in a condition known as quantum superposition.




  Schrödinger imagined a cat in a sealed container in which the radioactive decay of an atom would trigger the release of cyanide, killing the cat. By the rules of quantum mechanics the atom was both decayed and not decayed until somebody looked inside, which meant that Schrödinger’s poor cat was both alive and dead.




  This seemed to be giving an awful lot of power to the “observer.” It was definitely no way to run a universe.




  Over the years physicists have proposed alternatives to the Copenhagen view.




  Starting in 1952, when he was at Princeton, the physicist David Bohm, who died in 1982, argued for a version of quantum mechanics in which there was a deeper level, a so-called quantum potential or “implicate order,” guiding the apparent unruliness of quantum events.




  Another variant is the many-worlds hypothesis developed by Hugh Everett III and John Wheeler, at Princeton in 1957. In this version the wave function does not collapse when a physicist observes an electron or a cat; instead it splits into parallel universes, one for every possible outcome of an experiment or a measurement.




  Shut Up and Compute




  Most physicists simply ignored the debate about the meaning of quantum theory in favor of using it to probe the world, an attitude known as “shut up and compute.”




  Pauli’s discovery that no two electrons could share the same orbit in an atom led to a new understanding of atoms, the elements and modern chemistry.




  Quantum mechanics split the atom and placed humanity on the verge of plausible catastrophe. Engineers learned how to “pump” electrons into the upper energy rungs in large numbers of atoms and then make them all dump their energy all at once, giving rise to the laser. And as Dr. Lederman said in an interview, “The history of transistors is the history of solving Schrödinger’s equation in various materials.”




  Quantum effects were not confined to the small. The uncertainty principle dictates that the energy in a field or in empty space is not constant, but can fluctuate more and more wildly the smaller the period of time that one looks at it. Such quantum fluctuations during the big bang are now thought to be the origin of galaxies.




  In some theories, the universe itself is a quantum effect, the result of a fluctuation in some sort of preuniversal nothingness. “So we take a quantum leap from eternity into time,” as the Harvard physicist Sidney Coleman once put it.




  Where the Weirdness Goes




  Bohr ignored Schrödinger’s cat, on the basis that a cat was too big to be a quantum object, but the cat cannot be ignored anymore. In the last three decades, the gedanken experiments envisioned by Einstein and his friends have become “ungedankened,” bringing the issues of their meaning back to the fore.




  Last summer, two teams of physicists managed to make currents go in two directions at once around tiny superconducting loops of wire—a feat they compared to the cat. Such feats, said Wojciech Zurek, a theorist at Los Alamos National Laboratory, raise the question of why we live in a classical world at all, rather than in a quantum blur.




  Bohr postulated a border between the quantum and classical worlds, but theorists prefer that there be only one world that can somehow supply its own solidity. That is the idea behind a new concept called decoherence, in which the interaction of wave functions with the environment upsets the delicate balance of quantum states and makes a cat alive or dead but not in between.




  “We don’t need an observer, just some ‘thing’ watching,” Dr. Zurek explained. When we look at something, he said, we take advantage of photons, the carriers of light, which contain information that has been extracted from the object. It is this loss of information into the environment that is enough to crash the wave function, Dr. Zurek said.




  Decoherence, as Dr. Zurek noted, takes the observer off a pedestal and relieves quantum theory of some of its mysticism, but there is plenty of weirdness left. Take the quantum computer, which Dr. Lederman refers to as “a kinder, gentler interpretation of quantum spookiness.”




  Ordinary computers store data and perform computations as a series of “bits,” switches that are either on or off, but in a quantum computer, due to the principle of superposition, so-called qubits can be on and off at the same time, enabling them to calculate and store myriads of numbers at a time.




  In principle, according to David Deutsch, an Oxford University researcher who is one of quantum computing’s more outspoken pioneers, a vast number of computations, “potentially more than there are atoms in the universe,” could be superposed inside a quantum computer to solve problems that would take a classical computer longer than the age of the universe.




  In the minds of many experts, this kind of computing illuminates the nature of reality itself.




  Dr. Deutsch claims that the very theory of a quantum computer forces physicists to take seriously the many-worlds interpretation of quantum theory. The amount of information being processed in these parallel computations, he explains, is more than the universe can hold. Therefore, they must be happening in other parallel universes out in the “multiverse,” as it is sometimes called.




  “There is no other theory of what is happening,” he said. The world is much bigger than it looks, a realization that he thinks will have a psychological impact equivalent to the first photographs of atoms. Indeed, for Dr. Deutsch there seems to be a deep connection between physics and computation. The structure of the quantum computer, he says, consists of many things going on at once, lots or parallel computations. “Any physical process in quantum mechanics,” he said. “consists of classical computations going on in parallel.”




  “The quantum theory of computation is quantum theory,” he said.




  The Roots of Weirdness




  Quantum mechanics is the language in which physicists describe all the phenomena of nature save one, namely gravity, which is explained by Einstein’s general theory of relativity. The two theories—one describing a discontinuous “quantized” reality and the other a smoothly curving space-time continuum— are mathematically incompatible, but physicists look to their eventual marriage, a so-called quantum gravity.




  “There are different views as to whether quantum theory will encompass gravity or whether both quantum theory and general relativity will have to be modified,” said Lee Smolin, a theorist at Penn State.




  Some groundwork was laid as far back as the 1960s by Dr. Wheeler, 89, who has argued quantum theory with both Einstein and Bohr. Even space and time, Dr. Wheeler has pointed out, must ultimately pay their dues to the uncertainty principle and become discontinuous, breaking down at very small distances or in the compressed throes of the big bang into a space-time “foam.”




  Most physicists today put their hope for such a theory in superstrings, an ongoing and mathematically dense effort to understand nature as consisting of tiny strings vibrating in 10-dimensional space.




  In a sort of missive from the front, Edward Witten of the Institute for Advanced Study in Princeton, New Jersey, said recently that so far quantum mechanics appeared to hold up in string land exactly as it was described in textbooks. But, he said in an e-mail message, “Quantum mechanics is somehow integrated with geometry in a way that we don’t really understand yet.”




  The quantum is mysterious, he went on, because it goes against intuition. “I am one of those who believes that the quantum will remain mysterious in the sense that if the future brings any changes in the basic formulation of quantum mechanics, I suspect our ordinary intuition will be left even farther behind.”




  Intuition notwithstanding, some thinkers wonder whether or not quantum weirdness might, in fact, be the simplest way to make a universe. After all, without the uncertainty principle to fuzz the locations of its buzzing inhabitants, the atom would collapse in an electromagnetic heap. Without quantum fluctuations to roil the unholy smoothness of the big bang, there would be no galaxies, stars or friendly warm planets. Without the uncertainty principle to forbid nothingness, there might not even be a universe.




  “We will first recognize how simple the universe is,” Dr. Wheeler has often said, “when we recognize how strange it is.” Einstein often said that the question that really consumed him was whether God had any choice in creating the world. It may be in the end that we find out that for God, the only game in town was a dice game.




  —December 12, 2000




  




   




  Investigating Light Waves




  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 wavelength 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 wavelengths. On Friday they secured such interference at 250,000, and think the ultimate limit not yet reached.




  —March 5, 1888




  




   




  Prof. Röntgen’s X-Rays




  The preliminary communication of Prof. Wilhelm Conrad Röntgen to the Würzberg Physico-Medical Society of his discovery of a new form of radiant energy appears this week translated in full in several of the English papers. As the chief interest of men of science is centered in the question of the nature of the rays, those portions of Prof. Röntgen’s paper which deal with this aspect of the subject are here reproduced in full.




  The name given by Prof. Röntgen to the newly discovered form of radiant energy is X-rays. The translation appended was made by Arthur Stanton, and appears in the current number of Nature. After describing his experiments in making shadow photographs of various substances, Prof. Röntgen says:




  7. After my experiments on the transparency of increasing thicknesses of different media, I proceeded to investigate whether the X-rays could be deflected by a prism. Investigations with water and carbon bisulphide in mica prisms of 30° showed no deviation either on the photographic or the fluorescent plate. For comparison, light rays were allowed to fall on the prism as the apparatus was set up for the experiment. They were deviated 10mm. and 20 mm. respectively in the case of the two prisms.




  With prisms of ebonite and aluminum I have obtained images on the photographic plate which point to a possible deviation. It is, however, uncertain, and at most would point to a refractive index 1.05. No deviation can be observed by means of the fluorescent screen. Investigations with the heavier metals have not as yet led to any result, because of their small transparency and the consequent enfeebling of the transmitted rays.




  On account of the importance of the question it is desirable to try in other ways whether the X-rays are susceptible of refraction. Finely powered bodies allow in thick layers but little of the incident light to pass through, in consequence of refraction and reflection. In the case of the X-rays, however, such layers of powder are for equal masses of substance equally transparent with the coherent solid itself. Hence we cannot conclude any regular reflection or refraction of the X-rays. The research was conducted by the aid of finely powdered rock salt, fine electrolytic silver powder, and zinc dust already many times employed in chemical work. In all these cases the result, whether by the fluorescent screen or the photographic method, indicated no difference in transparency between the powder and the coherent solid.




  It is, hence, obvious that lenses cannot be looked upon as capable of concentrating the X-rays; in effect, both an ebonite and a glass lens of large size prove to be without action. The shadow photograph of a round rod is darker in the middle than at the edge; the image of a cylinder filled with a body more transparent that its walls exhibits the middle brighter than the edge.




  8. The preceding experiments and others which I pass over point to the rays being incapable of regular reflection. It is, however, well to detail an observation which at first sight seemed to lead to an opposite conclusion.




  I exposed a plate, protected by a black paper sheath, to the X-rays, so that the glass side lay next to the vacuum tube. The sensitive film was partly covered with star-shaped pieces of platinum, lead, zinc, and aluminum. On the developed negative the star-shaped impression showed dark under platinum, lead, and more markedly under zinc; the aluminum gave no image. It seems, therefore, that these three metals can reflect the X-rays; as, however, another explanation is possible, I repeated the experiment with only this difference, that a film of thin aluminum foil was interposed between the sensitive film and the metal stars. Such an aluminum plate is opaque to ultraviolet rays, but transparent to X-rays. In the result the images appeared as before, this pointing still to the existence of reflection at metal surfaces.




  If one considers this observation in connection with others—namely, on the transparency of powders, and on the state of the surface not being effective in altering the passage of the X-rays through a body—it leads to the probable conclusion that regular reflection does not exist, but that bodies behave to the X-rays as turbid media to light.




  Since I have obtained no evidence of refraction at the surface of different media, it seems probable that the X-rays move with the same velocity in all bodies, and in a medium which penetrates everything, and in which the molecules of bodies are imbedded. The molecules obstruct the X-rays, the more effectively as the density of the body concerned is greater.




  9. It seemed possible that the geometrical arrangement of the molecules might affect the action of a body upon the X-rays, so that, for example, Iceland spar might exhibit different phenomena according to the relation of the surface of the plate to the axis of the crystal. Experiments with quartz and Iceland spar on this point lead to a negative result.




  10. It is known that [Philipp Eduard Anton von] Lenard, in his investigations on cathode rays, has shown that they belong to the ether, and can pass through all bodies. Concerning the X-rays the same may be said.




  In his latest work, Lenard has investigated the absorption coefficients of various bodies for the cathode rays, including air at atmospheric pressure, which gives 4.10, 3.40, 3.10 for 1 cm., according to the degree of exhaustion of the gas in the discharge tube. To judge from the nature of the discharge, I have worked at about the same pressure, but occasionally at greater or small pressures. I find, using a Weber photometer, that the intensity of the fluorescent light varies nearly as the inverse square of the distance between screen and discharge tube. This result is obtained from three very consistent sets of observations at distances of 100 and 200 mm. Hence, air absorbs the X-rays much less than the cathode rays. This result is in complete agreement with the previously described result, that the fluorescence of the screen can still be observed at two meters from the vacuum tube. In general, other bodies behave like air; they are more transparent for the X-rays than for the cathode rays.




  11. A further distinction, and a noteworthy one, results from the action of a magnet. I have not succeeded in observing any deviation of the X-rays even in very strong magnetic fields.




  The deviation of cathode rays by the magnet is one of their peculiar characteristics; it has been observed by [Heinrich] Hertz and Lenard that several kinds of cathode rays exist, which differ by their power of exciting phosphorescence, their susceptibility of absorption, and their deviation by the magnet; but a notable deviation has been observed in all cases which have yet been investigated, and I think that such deviation affords a characteristic not to be set aside lightly.




  12. As a result of many researches, it appears that the place of most brilliant phosphorescence of the walls of the discharge tube is the chief seat whence the X-rays originate and spread in all directions; that is, the X-rays proceed from the front where the cathode rays strike the glass. If one deviates the cathode rays within the tube by means of a magnet, it is seen that the X-rays proceed from a new point—i.e., again from the end of the cathode rays.




  Also for this reason the X-rays, which are not deflected by a magnet, cannot be regarded as cathode rays which have passed through the glass, for that passage cannot, according to Lenard, be the cause of the different deflection of the rays. Hence I conclude that the X-rays are not identical with the cathode rays, but are produced from the cathode rays at the glass surface of the tube.




  13. The rays are generated not only in glass. I have obtained them in an apparatus closed by an aluminum plate 2 mm. thick. I propose later to investigate the behavior of other substances.




  14. The justification of the term “rays,” applied to the phenomena, lies partly in the regular shadow pictures produced by the interposition of a more or less permeable body between the source and a photographic plate or fluorescent screen.




  I have observed and photographed many such shadow pictures. Thus I have an outline of part of a door covered with lead paint; the image was produced by placing the discharge tube on one side of the door, and the sensitive plate on the other. I have also a shadow of the bones of the hand, of a wire wound upon a bobbin, of a set of weights in a box, of a compass card and needle completely enclosed in a metal case, of a piece of metal where the rays show the want of homogeneity, and of other things.




  For the rectilinear propagation of the rays I have a pinhole photograph of the discharge apparatus, covered with black paper. It is faint, but unmistakable.




  15. Researches to investigate whether electrostative forces act on the X-rays are begun, but not yet concluded.




  16. If one asks, what then are these X-rays; since they are not cathode rays, one might suppose, from their power of exciting fluorescence and chemical action, them to be due to ultraviolet light. In opposition to this view, a weighty set of considerations presents itself. If X-rays be, indeed, ultraviolet light, then that light must possess the following properties:




  (a) It is not refracted in passing from air into water, carbon bisulphide, aluminum, rock salt, glass, or zinc. (b) It is incapable of regular reflection at the surfaces of the above bodies. (c) It cannot be polarized by any ordinary polarizing media. (d) The absorption by various bodies must depend chiefly on their density.




  That is to say, these ultraviolet rays must behave quite differently from the visible, infra-red, and hitherto-known ultraviolet rays.




  These things appear so unlikely that I have fought for another hypothesis.




  A kind of relationship between the new rays and light rays appears to exist; at least the formation of shadows, fluorescence, and the production of chemical action point in this direction. Now, it has been known for a long time that, besides the transverse vibrations which account for the phenomena of light, it is possible that longitudinal vibrations should exist in the ether, and, according to the view of some physicists, must exist. It is granted that their existence has not yet been made clear, and their properties are not experimentally demonstrated. Should not the new rays be ascribed to longitudinal waves in the ether?




  I must confess that I have in the course of this research made myself more and more familiar with this thought, and venture to put the opinion forward, while I am quite conscious that the hypothesis advanced still requires a more solid foundation.




  The London Electrician, in its last number, points out briefly the similarity and difference between the Röntgen rays and the Lenard, or true cathode rays, as follows:




  It may not be without interest at the present moment to recall the main points of difference and of similarity between Röntgen rays and Lenard rays— to use two brief and convenient expressions. Röntgen rays are not deflected by a magnet; Lenard rays are. Röntgen rays suffer far less absorption and diffusion than Lenard rays. Lenard found that his cathode rays failed to pass through anything but the thinnest soap films, glass, and aluminum foil, etc.; the Röntgen variety will traverse several centimeters of wood and several millimeters of metal or glass. Röntgen was able to take “shadowgraphs” and detect fluorescence 200cm. away from the discharge tube; 6 cm. or 8 cm. were enough to wipe out Lenard rays in air at atmospheric pressure, and even in hydrogen gas at only 0.0164 mm. pressure, the “radiation length” for cathode rays was only 130 cm.; hydrogen at atmospheric pressure behaving as a decidedly turbid medium. These are, however, rather differences in degree than in kind. Lenard rays emanate, of course, from the cathode itself, but Röntgen rays, according to their discoverer, start from the luminescent spot on the glass wall of the discharge tube, at which the cathode rays terminate.




  The points of similarity between Röntgen and Lenard rays are their photographic activity, their rectilinear propagation (as evidenced by the sharp shadows cast), and the fact that in both cases it would seem the total mass of molecules contained in unit volume of any substance practically determines its transparency. All things tend to show that we are on the verge of a great scientific discovery, which may oblige us, nolens volens, to “rearrange our ideas.”




  Even the Lancet has succumbed to the photographic evidence presented to it, and says in an editorial paragraph in its current issue:




  The application of this remarkable phenomenon to the discovery of bullets and abnormalities in the structure of bone has already been made, with very promising results. It is reported already from Vienna, for instance, that photographic pictures taken by this means showed with the greatest clearness and precision the injuries caused by a revolver shot in the hand of a man and the position of the bullet. In another case, that of a girl, the position and nature of a malformation in the left foot were ascertained. As the conditions of these experiments become perfected with regard to the source of the radiations, there is no doubt that the result will be even more brilliant.




  An abstruse extract taken from Lord Kelvin’s Baltimore lectures, delivered at Johns Hopkins University in 1884, which is quoted in Nature, seems to show that he anticipated some discovery which would prove that ether was compressible like ordinary forms of matter. The point is to show that the new energy behaves more like sound than like light. It is worthy of note that Prof. Sylvanus Thompson has already termed the new form of energy “ultraviolet sound.”




  —February 5, 1896




  




   




  Character of the X-Rays




  Ogden N. Rood, professor of physics in Columbia College, was asked yesterday by a reporter for The New-York Times whether recent experiments with the Röntgen rays had altered his views as to the nature of the phenomena.




  It will be remembered that before full details of Röntgen’s discovery reached here Prof. Rood tentatively expressed his view that the rays were of the same nature as light waves, only much shorter than any previously known.




  Since that time numerous theories have been suggested by experimenters on both sides of the Atlantic. One of these, adapted from William Crookes, is that the rays represent a bombardment of the molecules in a highly rarefied atmosphere, and that this bombardment is communicated to other particles of matter outside the enclosing envelope. Prof. Rood thinks this theory in its entirety is not necessary to account for the Röntgen phenomena, and is extremely improbable in any case.




  After glancing through the article by Nikola Tesla in The Electrical Review, also printed in part in The New-York Times Wednesday last, Prof. Rood dictated the following statement of his views:




  It is never proper to frame a new hypothesis in order to account for discoveries when an old and well-established theory is capable of giving them an explanation. Our knowledge of the waves of light, of radiant heat, and of the ultra violet rays is confined within narrow limits.




  Thus far, according to our previous experience, the shorter the length of the wave the more it will be bent, or refracted, by substances in general. It, however, does not at all follow that this will hold true if the length of the wave is shortened to a degree beyond our experience.




  On the other hand, it is highly probable that if this shortening process goes on till the length of the wave has become of the same order of magnitude with the molecules of matter that the effect in the matter of refraction will diminish. This would account for the fact that no one has succeeded thus far in refracting or reflecting the Röntgen rays. In my own experiments I have so far found them to act in the same general way with waves of ordinary light, and I am inclined to believe that they are simply waves of light of unprecedented shortness.




  This view necessarily excludes all idea of a molecular bombardment outside of the Crookes tube. I believe that it will be eventually demonstrated that the Röntgen rays are capable of reflection and refraction, although it will require more delicate work than has thus far been extended in this direction.




  Experiments at Princeton Club




  The monthly meeting of the Princeton Club of New-York was held at the Brunswick Hotel last night. President Hugh L. Cole presided, and as soon as the business of the club had been disposed of Prof. W. F. Magie, PhD, delivered a lecture on the development of the Röntgen rays.




  The medical possibilities of the rays he illustrated with lantern slides, which threw upon the big sheet enormous pictures of hands, feet, elbows, and joints of the human body, showing bullets, deformities, and malformations. A successful photograph was also taken of a hand. The exposure was twenty minutes, and the negative was developed under the eyes of those present.




  “President Cole, perhaps you will give me your hand?” ventured the lecturer.




  “With pleasure,” said Mr. Cole, advancing, and shaking hands with Prof. Magie, amid general laughter.




  “No, I mean to be photographed,” explained the professor.




  Mr. Cole sat beside the Crookes tube and laid his hand on the plate. There was a ring on his third finger. “Just sit like that for twenty minutes, please,” was the order.




  “Will someone put a coin in this aluminum box?” asked the professor next.




  Job Hedges, who sat in the front row, volunteered. He dropped a dime into the box, which, together with a key and an open pocket knife, were placed upon a second plate.




  The current was then turned on in the Crookes tube, which instantly lit up with a greenish light. While the experiment was in progress pictures were thrown upon the big sheet. A hand, a frog, a bat, a fish, and a cat’s head were seen in quick succession. The fish showed two white spots.




  “Those are the swimming bladders,” explained Prof. Magie. “They cast no shadows. That is how a man’s brain would look—just the inside of the skull—like a pumpkin. The softer portions of the body throw no shadow, and cannot be photographed by the X-rays.”




  Then appeared a hand covering a pair of scissors, which showed plainly underneath it; a needle in a thumb, the swollen joints and displaced portions of a mangled hand, a forearm with a diseased elbow, the human foot in a shoe showing the toes plainly, and two masses of plaster held by an iron brace in the case of a broken elbow.




  “The value of these rays in watching the progress of discovery in such cases is inestimable,” said Prof. Magie.




  The lecturer said he hoped the rays would make the doctors even more careful with their bone settings, “for what jury,” he asked, “can be won over when it sees the photograph of a badly set arm or leg?”




  By this time Mr. Cole’s ordeal was over. The plates were taken away into a dark room by L. L. Coe (who photographs subjects for the Rogues’ Gallery at Police Headquarters) and were developed. The results were excellent. The bones of Mr. Cole’s hand were thrown upon the sheet with great distinctness and amid general cheering. The ring on the third finger was very plain.




  The key, the knife, and the dime of Job Hedges in the aluminum box were also clear and unmistakable.




  When the lecture and experiments were over, supper was served to the members of the club in an adjoining room.




  —March 13, 1896




  




   




  About X-Ray Photography




  While some discoveries of a purely scientific character appeal only to a limited class, others broadly affect the life and happiness of the human race, and thus become of universal importance. The discovery of Prof. [Wilhelm Conrad] Röntgen is unique in that it interests alike the scientific and non-scientific intelligent minds of all countries. To the world of science it suggests new problems as to the constitution of matter and the subtleties of electricity, while to the race at large it opens up a new means of diagnosis and relief of suffering and disease.




  But much of the benefit of this marvelous discovery is for the time being in abeyance. Since its announcement there has been a perfect craze for X-ray photography. Many scientists and medical men who have used what has been put into their hands as X-ray apparatus have signally failed in their results. The failure has not seldom been due as much to ignorance of the proper technique of the new photography as to inefficient apparatus. The consequence is there has been much disappointment, and in not a few cases complete subduing of scientific enthusiasm. But the X-ray is not for today only. Its use and development are destined to go beyond anything we can now even conjecture. Before long every physician, surgeon, and dentist will have to rely upon it for a large proportion of the diagnostic and possibly therapeutic purposes within the range of his practice.




  A book describing in simple language the best outfit for X-ray photography and the method by which the most effective pictures can be taken is now in the press, and will appear shortly. The author of the book is Dr. William J. Morton. Dr. Morton has long been recognized at home and abroad as the leading electrotherapist in this country. His X-ray photography is as remarkable as his work in other fields. Mr. Thomas Alva Edison recently wrote to a correspondent who applied to him for advice as to how to go about Röntgen ray photography: “Go to Dr. Morton; he is the best X-ray expert in America.”




  The first part of this book, which is entitled: “The X Ray; or, Photography of the Invisible, and Its Value in Surgery,” treats of the various electrical features of the X-ray apparatus. A short chapter is devoted to the fluoroscope, which is not only of practical value in enabling the surgeon instantly to locate foreign bodies, such as bullets, needles, etc. embedded in the flesh, but determines for the operator whether X-rays are being produced or not in the Crookes tube, and if they are produced it indicates their degree of intensity. The value of this method of detection is supreme. It may be explained here that the X-ray is often a most elusive quantity. An expert has expressed the opinion that for all-round aggravation it has few rivals. After hours of labor the green light, which is an assured sign of high efficiency, may show itself for a moment, and then suddenly fade out and leave the exasperated experimenter wearily to go over the ground again. An X-ray, strange to say, will make an impression as quickly on a “slow” as on a “quick” plate, with even less chance of fogging. It is not so much a question of the length of exposure, as of the quality of the rays being developed. The fluoroscope, therefore, saves the operator no end of uncertainty and anxiety. This splendid sequel to the advent of the Röntgen ray throws an interesting sidelight on the tireless quality of temperament which seems inseparable from the successful inventor. Mr. Edison investigated over 1,800 different substances before adopting for the screen of the instrument the tungstate of calcium which, by giving the maximum fluorescence most effectively brings out the shadow of the object under inspection.




  The induction coil is a most important part of the apparatus. For obtaining pictures of the hands, arms, feet, and lower portions of the legs, a coil having a four-inch spark will suffice, but for pictures of the shoulder, chest, abdomen, hip, or thighs a coil with an 8- or 10-inch length of spark will be required. A condenser and blower should be used with high-voltage current in the primary. The only other apparatus needed in this connection are the proper rheostats to govern the current respectively supplied to the primary of the induction coil, the motor which drives the break-wheel, and the motor which drives the blower.




  The nature of the X-ray is discussed and the opinions of various investigators are given. Edison believes that the X-ray is of the nature of sound waves, a view also entertained by Oliver J. Lodge and J. J. Thomson. A sound wave is a longitudinal wave occurring in our atmosphere, but its counterpart has not yet been discovered in the ether. That the X-ray is such a wave in the ether was Röntgen’s original surmise. Mr. Tesla holds that the X radiation is a stream of material particles projected from the cathode capable not only of penetrating the glass walls of the bulb or tube, but also of being projected onward into space, penetrating in greater or less degree some substances, such as flesh, leather, wood, etc., and arrested by other substances, such as metals, bones, etc. According to this view, a “bombardment” may be taking place outside of the tubes similar to that already generally recognized as existing within the tube. Many observers of the French school maintain that the X-ray is of the nature of light—namely (for lack of a better descriptive term), invisible or black light. Fortunately, these varying speculations are not interfering with the practical utilization of the rays.




  One of the great anxieties of the X-ray operator is to maintain the low vacuum of the Crookes tube, which is essential to certain classes of work. Again, the vacuum must be raised, and the process may involve much perturbation of spirit. Dr. Morton’s single sentence, “The amateur will often have an exciting contest with his vacuum,” is pregnant with meaning. What such a contest may be is suggested in the description of one of its stages, which runs thus: “To accomplish the raising of the vacuum electrically, a moderate current must be passed through the tube continuously, the operator watching its behavior all the time with the fluoroscope, at the same time observing whether a spark jumps across the gap space, and watching the electrodes to see that they do not become too hot. When the vacuum is thus low in a focus tube, the platinum may heat to a red, or even to a white, heat. This should be prevented either by reducing the current still more, or by interrupting its flow for a few moments. In a few minutes, after passing this moderate current through the tube, it will be noticed that a spark will jump across the inch space between the discharging rods; these must now be moved half an inch further apart. After another interval the spark will again jump, and the rods must again be separated until another spark jumps. This process is repeated until a vacuum is reached which will force three, four, six, eight, or more inches of spark to jump across between the discharging rods, rather than pass through the high resistance of the tube.” Again, if a lowered vacuum is produced while working with a large amperage, there may be a sudden rush of current through the tube itself, breaking down the glass at its contact with the platinum entering wire, and “the operator sees the characteristic green of his X-ray-producing tube suddenly turn to blue, then to purples and whites, and soon to an arching stream from electrode to electrode. The tube is ruined.”




  It is often found in practice that the fluoroscope gives a fleeting and indistinct view, and that for the purposes of delicate operations a fixed and permanent record upon a sensitive plate is of much higher value. One of the latest advances is a combination of camera and fluoroscope, whereby an object can be examined in the fluoroscope and be photographed at the same time. As soon as the operator has completed his examination, he presses a button and the image is instantly transferred to the sensitive plate. In this way valuable work has been done in shadowing out and recording tumors, abnormal growths, and various diseased conditions of the larynx and bones of the face and their accessory cavities, as well as of the lungs, with their many complicated ailments. One of the first applications of this convenient instrument secured a picture of a silver tube, which had been placed in the throat and had slipped down out of sight in the trachea. A singular fact confirmatory of experience in other fields of photography is brought out in the use of this instrument. It is well known that the camera will see more than the human eye, and that many of the planets and stars which have been made perfectly visible on a sensitive plate have never been reached by mortal sight. In the same way the picture fixed upon the plate by photo-fluoroscopy has more strength and detail than is evident when it is viewed by the eye in the fluoroscope.




  Great as is the interest which has been excited by the X-ray in the scientific laboratories of the world, among electrical engineers, photographers, students, and amateurs, its interest to the physician and surgeon is still more vital, for in its application to surgery lies its highest field of usefulness to humanity. The physician who, in the exploration of the mysteries of the human body, has been wont to employ the ophthalmoscope, the stethoscope, the cystoscope, the percussion hammer, and the probe has now added to these the most valuable means of diagnosis ever known to the science and art of medicine. Conspicuous among the revelations of the X-ray are those relating to normal anatomy. It might be claimed that the bones of the animal body could be studied from prepared skeletons, but such artificial arrangements of the bones can never, in reality, give their exact relation as well as the X-ray picture, nor in any sense afford a correct idea of these relations in the varied postures permitted by the changing position of the bones which compose the joints.




  In teaching the anatomy of the blood vessels, the X-ray opens out a new and feasible method. The arteries and veins of dead bodies may be injected with a substance opaque to the X-ray, and thus their distribution may be more accurately followed than by any possible dissection. The feasibility of this method applies equally well to the study of other structures and organs of the dead body. To a certain extent, therefore, X-ray photography may replace both dissection and vivisection. And in the living body the location and size of a hollow organ, as, for instance, the stomach, may be ascertained by causing the subject to drink a harmless fluid, more or less opaque to the X-ray, or an effervescing mixture which will cause distension, and then taking the picture.




  For the exhibition of fractures, dislocations, diseases of the bones and deformities, the X-ray is now indispensable, and it is recognized that no hospital in the land can do justice to its patients if it does not possess a complete X-ray outfit. By this means it is possible to detect and diagnose fractures and dislocations, and the very important point which often presents itself, whether the case is a fracture or dislocation, or both. Deformities of the bone are discovered, and even diseases like tuberculosis and cancer, which, in destroying the bone structure, have varied bone density.




  In dentistry the X-ray has already become of supreme importance. By it pictures of the living teeth can be taken, showing each wandering fang or root, however deeply embedded in its socket. Children’s teeth may be photographed before they have escaped from the gums, and the extent, area, and location of metallic fillings may be sharply delineated, even though concealed from the outer view. The lost end of a broken drill may be found, and, what is most interesting, the fact that even the central cavity of the tooth may be outlined, so that diseases within the tooth may be detected. It is equally obvious that diseases of the bone and other tissue in the neighborhood of the teeth may also be observed.




  One of the first applications of Röntgen’s discovery was for the detection of foreign objects in the body, and for this purpose it is now being incessantly employed. Bullets and needles are difficult things to find when embedded in flesh, but their discovery is made a certainty by the X-ray. The English War Office has supplied its military expedition up the Nile with complete X-ray outfits, and our own Navy Department is said to contemplate equipping each of its vessels with similar apparatus. If the X-ray had been known in its present form in the time of Garfield, the fatal bullet might have been located, and the life of the president saved.




  The medico-legal side of the X-ray is one of great moment. Already court records contain numerous cases in which the Röntgen’s ray has rendered valuable testimony. A picture has just been taken which may play a prominent part in a case soon to be brought into court. The patient was thrown down with violence in a trolley-car accident more than a year ago, and has suffered more or less ever since. An exposure was first made of the injured knee only, and no positive evidence of the degree of the injury was afforded. By resorting to the comparative method, a picture of both knees was obtained, which showed that the upper portion of the large bone of the leg below the knee was nearly three-quarters of an inch wider in the injured knee than in the normal one. This was doubtless due to fracture and subsequent growth of bone. Such a picture would be likely to have great weight with a jury.




  Of the physiological effect of the X-ray little is yet known. The testimony on the subject is very conflicting, even taking only that of the highest authorities. Prof. J. J. Thomson, in the Rede lecture at the University of Cambridge, insists that X-rays do not exert any of those deleterious effects on bacteria which are fortunately associated with ultraviolet light. In contradistinction to this, Dr. [William] Shrader of the Missouri State University stated, as the result of his experiments on the effect of the Röntgen rays on disease germs, that in nearly every instance the germs were found to be destroyed by the action of the rays. On this head judgment must be suspended until further data can be brought to light.




  In respect to one of the effects of these rays, testimony seems to be unanimous. The flesh of those on whom the rays have been projected has become sunburned, and frequently the skin would strip off. In many cases the passage of the rays through the skull caused the hair to drop out, and active inflammation of the eyelids, upper lips, and of the skin of the face generally has been exhibited in experimenters who have devoted much of their time continuously to X-ray work. Many instances are reported where scientists have been prostrated, and have had to relinquish their Röntgen-ray work for a while. It is said, indeed, that the death of Dr. Shrader, whose investigations have just been referred to, was caused by exhaustion resulting from his unremitting study of the subject.




  —September 6, 1896




  




   




  The Mystery of Radium




  Under the heading “The Mystery of Radium,” The London Times, on Aug. 13, gave prominence to another of those statements regarding the discovery by Prof. and Mme. Curie which are believed to be from the pen of that eminent chemist, Prof. Sir William Crookes.




  The article first refers to the announcement last March of the “astonishing fact that radium, in addition to the radioactive properties rendered more or less familiar by the researches of [Antoine Henri] Becquerel on uranium, possesses the property of maintaining its temperature at a point three degrees higher than that of its surroundings, and of continuously emitting heat without any apparent diminution of bulk or alteration of physical constitution.” This announcement, it is added, was received with great incredulity. Eminent scientists refused to accept a statement so irreconcilable with scientific experience, and maintained that there must have been somewhere a serious error of observation. The writer goes on to say:




  “That radium possessed radioactive properties indefinitely more powerful than those displayed by any other body was a fact of an order to which we were accustomed. These properties, however remarkable, differed only in degree from properties with which the scientific world was familiar. That difference in degree has indeed become sufficiently astonishing in the light of further study, for it has become clear that radium without external stimulus can produce effects hitherto only obtainable by means of the electric discharge in high vacua. It can throw gases into that state of vibration which causes the production of their characteristic spectrum, and it emits at the same time a radiation resembling the Röntgen rays and producing like them marked physical and physiological effects. Superadded to this extraordinary development of powers not unfamiliar in their lower manifestations is the unique and unprecedented power of emission of heat.”




  The article declares that this power is now established beyond all possibility of question. “That gross physical effect,” says the writer, “in addition to the radioactive and physiological effects produced on so large a scale, points to an amazing total output of energy for which no compensation has yet been discovered.”




  The writer then goes on to state the latest developments in connection with the discovery of radium. He says that of course strenuous efforts have been made to obtain accurate measurements of the heat production and to determine the effect of external conditions in promoting or retarding it. M. Curie, he adds, has just communicated to the French Physical Society a paper stating the results of a recent inquiry.




  “It appears,” says the article, “that at the time of his [Prof. Curie’s] lecture at the Royal Institution in June, the resources of that laboratory in producing and manipulating liquid gases were utilized in a new series of experiments. Prof. William Dewar had already, in 1893, improved the calorimetric use of liquid gases by means of a combination of vacuum vessels, so that heat evolution at the temperature of boiling liquid air or hydrogen could be determined with accuracy. When a sample of radium bromide weighing 0.7 gram was tested in this way it was found to be capable of volatilizing an amount of liquid oxygen and hydrogen equivalent respectively to 6 cc and 73 cc of the gases measured at the ordinary temperature. It seems that through a very wide range of temperature the thermal emission remains unchanged. Whether at the temperature of a summer day or at that of liquid air, the emission of heat goes on without perceptible variation.




  “When, however, we make a long downward stride from liquid air to liquid hydrogen, radium shows that it is not always unaffected by external temperature. Within a comparatively short distance of absolute zero a change occurs in the rate of heat emission, but not in the direction that might be anticipated in view of the effect of low temperatures on ordinary chemical action. Instead of being reduced, the emission of heat, so far as present data can be relied on, is augmented at the temperature of liquid hydrogen. Whatever be the nature of this extraordinary phenomenon, it only increases in intensity at a point where all but the most powerful chemical affinities are in abeyance. The evaporation of a liquid gas gives an absolute measurement of the amount of heat given off by radium. Changes in the degree of radioactivity may escape the most careful observer, or may be imagined where they do not exist, but the quantity of liquid hydrogen which a given mass of radium converts into gas in a given time can be easily measured with an accuracy which is beyond trivial objection, and the amount of heat required for the conversion can be ascertained with great precision. Hence there is no longer any doubt either of the quantity of heat evolved by radium or of the fact that the rate of emission is apparently greater in liquid hydrogen than at any temperature from that of liquid air up to that of an ordinary room.




  “At the beginning of these experiments on liquid hydrogen a contrary result appeared to emerge when the low-temperature thermal measurements were compared with the early Curie values observed at the temperature of melting ice, as formerly given in The Times. This led to the curious discovery that a freshly prepared salt of radium has a comparatively feeble power of giving off heat at all temperatures, but that its power steadily increases with age until about a month from its preparation, when it reaches the maximum activity, which it afterward maintains apparently indefinitely. A solution of a radium salt behaves in exactly the same way; its power of heat emission is at first relatively low, but goes on increasing for about a month, when it becomes equal to that of the solid salt, and so remains. These remarkable results throw no light upon the process by which radium maintains its constant emission of heat and radioactivity, but they will have to be accounted for by any theory that may be constructed.”




  —August 23, 1903




  




   




  A Lecture by M. Curie




  M. Curie’s promised lecture on radium, which was discovered by himself and his talented wife, and secured for them this year a Nobel Prize, drew vast crowds to the Sorbonne one evening this week. Although the hall in which the now world-famed chemist was to speak is built to seat 3,000 persons, numbers who had stood for hours at the door in the Rue des Ecoles were finally turned away, every corner available being occupied by a deeply interested crowd.




  When the lecturer appeared upon the platform with Mme. Curie, they received a magnificent ovation, and every word M. Curie spoke was followed with the closest attention. His account of the work done by M. Becquerel upon uranium, which formed the starting point for his own and Mme. Curie’s experiments, was very clearly given, and his lecture was illustrated by tests of the properties of the newly discovered metal which is destined to revolutionize the science of chemistry.




  In one series of experiments M. Curie demonstrated that radium emits three sorts of rays, two of which give off such powerful electric emanations that they cause phosphorescence and produce perpetual motion. Then, plunging a tube of radium into liquid air, M. Curie demonstrated in the darkness of the hall that it was a light-radiating body, and that it also gave out heat.




  Taking into consideration the deeply scientific and necessarily technical nature of the subject, Paris is probably the only city in the world where so large and so representative an audience could be collected for a lecture of the kind.




  It was curious to notice the intelligent interest taken by the humbler ranks of the Paris population in the great discovery of M. Curie, when, a few weeks ago, a small atom of radium was exhibited upon the boulevards. Even the artisans on their way to their work stopped to inspect and discuss it.




  —March 6, 1904




  




   




  Atom of Matter Can Be Detected




  Prof. Ernest Rutherford, director of the physical laboratories at Manchester University, and one of the world’s foremost authorities on radioactivity, details in a communication addressed to The Scientific Weekly the nature of certain experiments which, in addition to important results from the point of view of radioactive data, are noteworthy from the fact that during their progress it was for the first time possible to detect a single atom of matter. This can be done in two ways, one electrical and the other optical.




  The possibility of the detection of a single atom of matter is due to the great energy of motion of alpha particles, which, as Prof. Rutherford showed in 1903, are veritable atoms of matter, which are ejected from radioactive matter at a speed of about 10,000 miles per second. Prof. Rutherford’s more recent experiments show that 136 million alpha particles are expelled every second from one milligram of radium in a radioactive equilibrium.




  “From the point of view of modern theory,” says Prof. Rutherford, “the appearance of an alpha particle is the sign of a violent atomic explosion, in which the fragment of an atom—an alpha particle—is ejected at high speed. In a majority of known active substances, the expulsion of an alpha particle accomplishes the transformation of one substance into another, and the decrease of the atomic mass consequent upon the loss of an alpha particle at once offers a reasonable explanation of the appearance of an entirely new kind of matter in place of the old.”




  Prof. Rutherford reverts to his old suggestion, made in 1905, that very probably the alpha particle is an atom of helium, carrying two unit charges, and he refers to the difficulty of proving or disproving experimentally the correctness of this hypothesis, although the settlement of this question has been for the last few years the most important problem in radioactivity, because the proof that the alpha particle is an atom of helium carries numerous consequences of the first importance in its train.




  Prof. Rutherford now asserts that his recent experiments have thrown further light on this question and have led to important conclusions in several directions. The description of the experiments is too technical to be gone into here, but Prof. Rutherford considers that they demonstrate the correctness of his theory that the alpha particle must be an atom of helium carrying a double charge, or, in other words, that an alpha particle, when its charge is neutralized, is a helium atom. It must be concluded, he says, that atoms of known radioactive elements are, in part, at least, constituted of helium atoms, which are liberated at definite stages during disintegration.




  Prof. Rutherford’s conclusion is put with characteristic modesty. “It may be of interest to note,” he says, “that the experimental results recorded in this article lead to experimental proof, if proof be needed, of the correctness of the atomic hypothesis with regard to the discrete structure of matter.”




  This is truly a modest claim to victory in the greatest scientific battle of the century.




  In response to a message from the correspondent of The New York Times, Prof. Frederick Soddy, lecturer in physical chemistry at Glasgow University and coworker with Prof. Rutherford at McGill University, Montreal, telegraphed as follows:




  “I am in entire agreement with Rutherford’s conclusions. As to the alpha particle it has hardly seemed possible to doubt it was an atom of helium for many years. My first impressions in the matter, dating from 1904, have proved correct. The experiments are beyond all praise.”




  Alfred Russel Wallace, who was also asked for an expression of his views, replied: “I know nothing of the subject and have no opinion.”




  —November 8, 1908




  




   




  Madame Curie’s Genius




  [image: image]




  Mme. Marie Curie, discoverer of radium, is coming to New York in May to receive the gift of one gram of this very valuable element from American women. The rise of this woman to the position of a leading scientist of the world is without parallel in history. The daughter of a poor but distinguished Polish scientist, she worked her way up in the field of her choice until today she bears the unique distinction of having, together with her husband, received the Nobel Prize award, being the first and only woman professor at the Sorbonne in Paris, of having refused the ribbon of the Legion of Honor because, as she put it, “I don’t like decorations,” of receiving the English Albert Medal from the Royal Society of Arts, the second to be granted to a woman, Queen Victoria having received the first. There were many more honors and decorations offered, but the response in almost all instances was similar to the one given to the suggestion of the Legion of Honor award.




  Comparatively little is known about the private life of Mme. Curie, owing to her modesty and reticence. From scraps gathered here and there, however, one gains an impression of a personality too greatly concerned with the big things of life to waste any more thought or time than is necessary over the little.




  Mme. Curie’s love of research is an inheritance. The passion for science came to her when she was a tiny child. Her nursery was a laboratory. Instead of dolls, she played with test tubes, retorts, and crucibles while her father, M. [Władysław] Sklodowski, professor of physics at a college in Warsaw, was working at his experiments. As she grew older, she became more and more useful to the professor. She learned the various places in the laboratory for every instrument and something of their meaning and use. She constituted herself “washer” for her father, always cleaning his apparatus after his work was over. Quietly, it is told, the little girl would don a large apron and devote herself to the rinsing and scouring of flasks, beakers, mortars, burettes and pipettes. These were her precious toys, and she handled them reverently.




  Professor Sklodowski died, and the little household at Warsaw broke up. There was another daughter besides Marie. The two girls, left without funds, had to take up the struggle for existence by themselves. Political disfavor made it expedient for the family to leave Warsaw. The older sister went to Austria, where she became a well-known doctor of medicine. Mme. Curie came to Paris, there to try to find a place for herself in the scientific world of the city.




  She had no resources other than courage, about 50 francs in money and a knowledge of chemistry greater even than she herself appreciated at the time. In an obscure quarter of the city, she found a bare garret, furnished with a cot and chair. Her food was black bread and blue milk. She lived on this diet so long, one account goes, that she had afterward to cultivate a taste for meat and wine.




  Her one ambition was to gain admission to a laboratory as a student assistant. After a period the doors were grudgingly opened to her. She was admitted because there was need of a cheap assistant to prepare furnaces and to clean bottles, a kind of expert janitress service.




  She had not been there a week before Professor Gabriel Lippmann, who was at the head of the laboratory, discovered that she possessed a knowledge of science and an originality of mind far above the average. Rather tardily it became known that she was the daughter of a scientist of note in her own country and that she had grown up in his laboratory. Someone else was found to wash bottles and arrangements were made to give the Polish girl full facilities for work.




  It was at the Sorbonne that she met Pierre Curie, a young instructor, who was making a name for himself by independent research in physics. His privilege was to have one of the young women students to assist him in the laboratory, and it fell to Marie Sklodowski to be this assistant. They worked and studied together, and in 1895 were married. Marie Curie was then about 28 years old.




  Announcement of the radium discovery came three years later. The finding of the new element was no laboratory accident. The two young scientists had toiled and experimented through years of depression and poverty. Few who knew them believed in their theories. The Curies were, in fact, a sort of joke in scientific circles, it is stated.




  It was Mme. Curie’s courage which brought them success. Pierre Curie suffered periods of complete discouragement. He is said often to have doubted his conclusions. But Marie Curie never doubted. She never lost faith. Night and day she worked in their little laboratory at home. When the name of Curie became worldwide, Professor Curie publicly declared that more than half the credit belonged to his wife. The research work was begun before her marriage, it is stated, and it was through her that he became interested in radioactivity.




  In 1906, at the very height of their career, Pierre Curie was run over and killed by a cart. There was no scientist to take the place of Pierre Curie as special lecturer at the Sorbonne, except his widow. The most conservative of universities was obliged to break its rules and invite a woman to full professorship. When Mme. Curie began her lectures in chemistry, succeeding her husband, the lecture hall was filled with scientists, students and leaders of the educational world. The ministry was praised in the press for having appointed her. Some idea of what this woman is like and how she works is given in the following extract from an English article printed in 1910:




  With honors heaped upon her, she remains the same unobtrusive, reserved person that I saw in the tumbledown shanty that the City of Paris gave to M. Curie for a laboratory and a school for chemistry. She is a little better dressed now than then, but with extreme plainness. The complexion is still that of one brought up in stove-heated rooms, ashen, and the lusterless hair unchanged in all but a few silver threads. She remains hard to read, a consequence of being brought up at Warsaw under the heel of the Russian boot and the eyes of an officialdom, jealous of all scientific investigation. Mme. Curie spoke of the university in which her father filled the chair of chemistry as having in all its corridors finger posts pointing to Siberia. There was always something sad and wrapped up in her look. On losing M. Curie, she apparently had got to that state in which “joy has no balm and affliction no sting.”




  As a lecturer, she closely confines herself to statement and demonstration, risking nothing that is unproved, however strong cause she may have for divining inference. She is completely innocent under all circumstances of any wish to dazzle or show off. In this respect Mme. Curie presents a refreshing contrast to some “guinea hens” (pintades) who have opened literary salons and to two or three ladies of risky antecedents who intend at the next elections to stand for divisions of Paris. Her French is grammatical and clear and she is never at a loss for a word; but it is a little stiff.




  The employment of laboratory apparatus as she lectures helps to give it more flexibility. Her laboratory is kept in apple pie order and her notebooks show the plain, straightforward and scrupulously exact observation of a good seaman’s log. They bristle with notes of interrogation.




  You will perhaps say that I describe a scientist of the other sex. Not at all. Mme. Curie is essentially womanly. But she lost her mother early and was brought up at her father’s side in his laboratory, and was not warped from her true nature according to any conventional standard of femininity. She evolved from within according to her opportunities and the tender paternal guidance, and became on chemistry an authority in the minds of the university students who came to the laboratory. The suspicious prying of the police taught her how necessary it was to hold her tongue. Reticence in speech became her second nature.




  There is nothing in the desire of self-advertisement about Mme. Curie. She is shy and sensitive to a degree. Her day in the laboratory is long and she always hurries to the train for home at the end of it. While always ready to help a fellow worker or to do an act of kindness, Mme. Curie shuns interviews.




  “It is not the personalities of people that interest: it is their work,” she says.




  Mme. Curie shares with most savants the faculty of abstraction which so many men engaged in scientific work possess. Old M. Curie, it is related, used to chaff his daughter-in-law about her abstraction and had one story that he used to tell as an example of her utter indifference to anything not concerned with her investigations when she was engaged upon a difficult piece of research work. He said that once when she was in the middle of an absorbing experiment a servant ran into the laboratory screaming loudly, “Madame, madame, I have swallowed a pin!”




  To which Mme. Curie responded soothingly:




  “There, there; don’t cry. Here is another you may have.”




  According to the descriptions given of her, Mme. Curie is of medium height, thin, almost angular, with a very high forehead, which gains an unusual prominence by her hair being drawn straight back on her head. She is pale, probably from her continuous work in the laboratory. Perhaps her most prominent features are her eyes, of bluish gray, which have the clearness of youth with the penetration and depth of a profound thinker. They are set very far back in her head. Her attitude is one of reserve and her speech is calm and slow. Mme. Curie has been naturalized as a French citizen.




  —May 1, 1921




  




   




  Pictures Electrons Speeding in Atom




  The statement of the modern conception of the atom as a miniature solar system with electrons whirling around a nucleus with velocities ranging as high as 93,000 miles a second, was a feature of Sir Ernest Rutherford’s address before the British Association on his assumption today of his presidential duties.




  He seized on the fact that the association met here in 1918 as affording an opportunity for a review of what physical science had accomplished since that time. The years between, he said, had been aptly termed “the heroic age of physical science,” and never before had discoveries of fundamental importance followed one another with such bewildering rapidity. He enumerated some of those known in 1893—the Röntgen rays and the radioactivity of uranium and Guglielmo Marconi’s success with wireless—and this led him to speak of the relation between pure and applied science.




  “In this age,” he declared, “no one can draw any sharp line of distinction between the importance of so-called pure and applied research. Both are equally essential to progress, and we cannot but recognize that without flourishing schools of research on fundamental matters in our universities and scientific institutions, technical research must tend to wither.”




  Praises Work on Electrons




  Sir Ernest then entered on his review and paid tribute to Sir J. J. Thomson for his boldness of ideas and ingenuity in the study of electrons.




  “He early took the view,” he said, “that the atom must be an electrical structure held together by electrical forces, and showed in a general way the lines of possible explanation of the variation of physical and chemical properties of elements as exemplified in the periodical law.”




  Next he spoke of the discovery of radium and the emanation of alpha, beta and gamma rays, and declared: “The use of alpha particles as projectiles with which to explore the interior of the atom has definitely exhibited its nuclear structure, has led to the artificial disintegration of certain light atoms and promises to yield more information yet as to the actual structure of the nucleus itself.”




  This led Sir Ernest to describe the work of Sir William Crookes and C.T.R. Wilson in showing how the radiation of alpha particles worked. He spoke of the fundamental differences between the units of positive and negative electricity. These were, he declared, of the utmost importance, but he confessed that so far science could not give an explanation of them.




  “It is practically established,” he said, “that these two are the fundamental and indivisible units which build up our universe, so we may reserve in our mind the possibility that further inquiry may some day show that these units are complex and divisible into even more fundamental entities.”




  Bombardment of the Atom




  Then, taking up the development of ideas concerning the structure of the atom, Sir Ernest spoke of the so-called bombardment of atoms. It was found, he pointed out, that occasionally a swift alpha particle was deflected from its rectilinear path through more than a right angle by an encounter with a single atom. From this “arose the conception of the nuclear atom, now so well known, in which the heart of the atom is supposed to consist of a minute but massive nucleus carrying a positive charge of electricity and surrounded at a distance by the requisite number of electrons to form a neutral atom.”




  This led to a detailed study of the scattering of alpha particles with the result that “a relation of unexpected simplicity is found to hold between elements. No one could have anticipated that with a few exceptions all atomic numbers between hydrogen 1 and uranium 92 would correspond to known elements.” Further study along these lines resulted in a definite conception of what the atom really was. Taking the heaviest, uranium 92, Sir Ernest described it thus:




  “At the center is a minute nucleus surrounded by a swirling group of 92 electrons, all in motion in definite orbits and occupying, but by no means filling, a volume very large compared with that of the nucleus. Some of the electrons describe nearly circular orbits round the nucleus; others, orbits of more elliptical shape whose axes rotate rapidly round the nucleus. The motion of the electrons in the different groups is not necessarily confined to a definite region of the atom, but the electrons of one group may penetrate deeply into the region mainly occupied by another group, thus giving a type of interconnection or coupling between the various groups.”




  Marvelous Speed of Electrons




  “The maximum speed of any electron depends on the closeness of its approach to the nucleus, but the outermost electrons will have a minimum speed of more than 1,000 kilometers [about 620 miles] per second, while the innermost electrons have an average speed of more than 150,000 kilometers [about 93,000 miles] per second, or half the speed of light. When we visualize the extraordinary complexity of the electronic system we may be surprised that it has been possible to find any order in the apparent medley of motions.”




  Sir Ernest thinks it is possibly too soon to express a final opinion on the accuracy of this explanation of the outer structure of the atom, but he considers it a great advance. Thus, it aided in the prediction of the chemical properties of the missing element No. 3. There is, however, an enormous amount of work to be done before anything like a complete picture of even the outer structure of the atom can be formed.




  Discusses Nucleus of the Atom




  Passing on to consider the nucleus of the atom, Sir Ernest said:




  “We know it is a minute compound, and we can with confidence set a maximum to its dimensions. It is possible for us to lay it down, that the proton and the electron are the ultimate units which take part in the building up of all nuclei and to deduce with some certainty the number of protons and electrons in the nuclei of all atoms: but we have little, if any information on the distribution of these units in the atom or on the nature of the forces that hold them in equilibrium.”




  It might be, he said, that new and unexpected forces might come into importance at the very small distances separating the protons and electrons in the nucleus. Until more information was gained on the nature and law of variation of the forces inside the nucleus, further progress toward a knowledge of the detailed structure of the nucleus might be difficult. At the same time there were still a number of hopeful directions in which an attack might be made on this most difficult of problems.




  “The nucleus of a heavy atom,” Sir Ernest said, “is undoubtedly a very complicated system, and, in a sense, a world of its own, little, if at all, influenced by the ordinary physical and chemical agencies at our command. When we consider the mass of the nucleus compared with its volume, it seems certain that its density is many billions of times that of our heaviest element. Yet, if we could form a magnified picture of the nucleus, we should expect that it would show discontinuous structure occupied, but not filled, by minute building units, protons and electrons, in ceaseless rapid motion, controlled by their mutual forces.”




  Doubts Power of Broken-up Atom




  Sir Ernest then attacked the popular idea of the immense store of energy to be released if man ever succeeded in breaking up the atom:




  Since it was believed, that radioactive elements were analogous in structure to ordinary inactive elements, the idea naturally arose that atoms of all elements contained a similar concentration or energy which would be available for use if only some simple method could be discovered of promoting and controlling their disintegration. This possibility of obtaining new and cheap sources of energy for practical purposes was naturally an alluring prospect to the lay and scientific mind alike. It is quite true that if we were able to hasten radioactive processes in uranium and thorium, so that the whole cycle of their disintegration could be confined to a few days instead of being spread over thousands of millions of years, these elements would provide very convenient sources of energy on a sufficient scale to be of considerable practical importance.




  Unfortunately, although many experiments have been tried, there is no evidence that the rate of disintegration of these elements can be altered in the slightest degree by the most powerful laboratory agencies. With the increase in our knowledge of atomic structure there has been a gradual change of our point of view on this important question, and there is by no means the same certainty today as a decade ago that the atoms of an element contain hidden stores of energy.




  The speaker illustrated this by referring—without, however, mentioning his name—to his well-known experiments of trying to drive the electron-forming part of a system of atoms, by “bombarding” it out of position. This he termed “exciting” the atom, and he pointed out that the energy thus released was of an entirely different order of magnitude from the energy that would be released by the disintegration of the nucleus itself. So he went on:




  It may be that the elements uranium and thorium represent the sole survivors on Earth today of types of elements that were common in long-distant ages when the atoms now composing the Earth were in course of formation. The fraction of atoms of uranium and thorium formed in that time has survived over a long interval on account of this very slow rate of transformation. It is thus possible to regard these atoms as having not yet completed the cycle of changes which ordinary atoms have long since passed through, and that the atoms are still in an excited state where the nucleus units have not yet arranged themselves in positions of ultimate equilibrium, but still have a surplus of energy which can only be released in the form of characteristic radiation from active matter. On such a view the presence of a store of energy ready for release is not the property of all atoms, but only of a special class of atoms, like radioactive atoms, which have not yet reached the final state for equilibrium.




  Sir Ernest concluded his survey with a tribute to the work the British Dominions had done in the scientific field and a plea for adequate support of the universities to train young investigators and for international peace, to permit the cooperation of all countries in the cause of the advance of knowledge.




  When Sir Ernest delivered his address he had the unusual experience of being only partly informed as to the number and character of his audience. He was speaking directly in Philharmonic Hall to as many members of the association as could be crowded into the building. Members who were unable both to hear and see the president listened to his address as it was transmitted by telephone and loudspeaker in the lecture hall of the association exhibition. Beyond these tangible gatherings, Sir Ernest had a far wider body of hearers, as his words were broadcast by wireless simultaneously from all the stations of the British Broadcasting Company.




  Americans in Attendance




  Several well-known Americans and Canadians are attending the meeting, among them Professors F. S. Lee and Michael Pupin of Columbia University, Professors Wilder Bancroft and Ernest Merritt of Cornell, and Professors Adams, Eve, McCallum, Tate and Whitby of McGill.




  —September 13, 1923




  




   




  Discusses Atom from New Point




  Professor Niels Bohr of the University of Copenhagen resumed his lecture course at Yale today, giving the fourth address on his theory of the structure of the atom.




  Devoting himself today almost entirely to a discussion of the theory of spectral lines which he first proposed 10 years ago and has consistently developed up to the present, Professor Bohr showed how experiments in the study of the series of spectra of the elements had corroborated his theory of atomic constitution, and how spectral phenomena of various complex kinds were explained by the quantum theory of energy.




  He cited spectroscopic observations to support the conclusions he has built up from the quantum theory.




  After reviewing his lectures on the similar forms of the atom, Professor Bohr said today that from now on he intended to go into the more complex aspects of the reasoning on which his theory had been built up. Today, he said, he would attempt to show the formal development of the quantum theory as applied to the finer points in spectra, such as the fine structure of lines, which, in contrast to the simple lines previously considered, were made up of a number of lines close together.




  He pointed out that the first development of the quantum theory was made by [Max] Planck, the German scientist, who used it for a linear oscillator—an electrically charged particle which oscillates or vibrates.




  Describing how the Planck formula had been used to explain the spectra of the elements, Professor Bohr said that he had made the so-called integral of action equal to an integral multiple of Planck’s constant. He added that the motion of the particles in an atom, despite its minute and simple structure, was very complicated in comparison with the motion of a Planck oscillator.




  “This integral,” he added, “has the peculiar quality that its value does not change during a slow change in the motion of the system. The invariancy of this integral is the reason for its being used to fire the stationary states of the atom. It also has the important property that if there are two motions which differ only a little from each other, the difference in energy will be equal to the difference in integral action times the frequency of revolution.”




  Professor Bohr pointed out the relation of the failure of the integral to change during slow motion to the question of the stability of the atom, which he says the quantum theory explains, while the classical laws of mechanics and electrodynamics do not.




  He then explained the correspondence principle. He showed how this principle established an intimate connection between the character of the motion of an atom in the stationary states of the atomic system and the possibility of a transition between those two states. The correspondence principle, he said, was believed to offer a basis for a theoretical examination of the process that took place during the formation or organization or reorganization of the atom.




  “The correspondence principle,” he said, “states that there is a connection between the frequencies of spectral lines and the motion of the stationary states, although it is of a different kind from that given by the classical theory.”




  Professor Bohr then showed by diagrams that any periodic motion could be represented as the sum of oscillations with different frequencies, which were overtones of a fundamental frequency. He also showed that on the classical theory these frequencies were the frequency of the light emitted, while based on the quantum theory the frequency was determined by the change in energy during the transition between two stationary states.




  “The correspondence principle,” he added, “states that the occurrence of a transition for which the quantum numbers are charged by a given integer is conditioned by the occurrence of the motion of an oscillation whose frequency is equal to this integer times the fundamental frequency of the motion.




  “From this point of view, for example, the green line of the hydrogen spectrum which corresponds to a transition from the fourth to the second stationary state may be considered in a certain sense to be an octave for overtone of the red line, corresponding to a transition from the third to the second state, even though the frequency of the first line is by no means twice as great as that of the latter.”




  Professor Bohr said that an example of a system which was like the linear oscillator, where the quantum integer could change by only one unit, was to be found in the spectra of diatomic gases, like oxygen.




  “The occurrence of very weak overtones for these lines, which are not exactly at twice the frequency, can be beautifully explained on the quantum theory,” he added.




  The lecturer then explained how the quantum theory accounted for rotational spectra resulting from a superposition of rotations in the ordinary motion of a molecule.




  “The theory can also be extended to determine stationary states of systems that are not simply periodic, but belong to a kind of motion known as multiple periodic motion,” he said.




  —November 14, 1923




  




   




  Atomic Theory Clears


  Some Cosmic Problems




  By W. J. LUYTEN




  Three great problems of cosmical interest have recently come to the fore: The creation of chemical elements, the origin of the mysterious super-radiation coming to us from space, and the enormous densities—2,000 times denser than gold—which some stars are known to possess. Now, touched by the magic wand of the modern theory of the constitution of the atom, these three problems have revealed a little of their identity, of their common origin. Years have been spent in building up the magnificent and complicated structure of the atom, and, naturally enough, we are now trying hard to find out what happens when we destroy it.




  Nowadays we think that an atom is built up from a very small central particle, the nucleus, around which electrons, the smallest material bodies that carry electricity, are circling at various distances. So small is this central body and so far away are the revolving electrons that the whole structure may well be compared with our planetary system; the nucleus is the sun and the electrons represent the planets.




  Although the whole atom is no more than a billionth of an inch in size, it is still so large compared with the actual sizes of the nucleus and the electrons that Sir Oliver Lodge aptly described the whole structure by comparing it to “flies in a cathedral.” To make the picture correspond even closer, so far as weight is concerned, we should imagine the fly to be made of platinum and the cathedral built of the thinnest tissue paper. What happens when the tissue-paper cathedral collapses and we are left with no more than the platinum fly forms the basis of some very interesting speculations by Professor Andreas von Antropoff at Bonn.




  Whirls to Keep from Falling




  It all begins with hydrogen, the lightest and simplest of all gases. In hydrogen gas the nucleus of the atom is composed of just one particle, the proton, around which one single electron runs in a circle. The proton and the electron attract each other very strongly, and the only way the electron can keep from falling into the central nucleus is by whirling around it, the same way the Earth does around the sun.




  But suppose that some outside force disturbs the motion of the electron, or that another electron, coming from somewhere else, passes close to the proton, an upset may occur. The proton, which is 1,800 times heavier than the electron, may suddenly step in and exert its authority. The electric force between the two particles does not rest until they are united into one body.




  Naturally, a complicated atom such as iron, which has a great many electrons whirling about its core, is not easily affected. Such a collection of electrons forms a good protective barrier, hard to penetrate for any outside electron. “Iron for the ironmen” is their Monroe Doctrine, and they resent outside interference. Hydrogen, on the other hand, has only one electron to protect its center, and this electron is easily alienated by heat.




  Disappear upon Colliding




  When hydrogen gas is heated, the affection between proton and electron is much reduced. The electron may leave entirely, and the now “stripped” atom is wholly unprotected, except by the fact that it is so exceedingly small. A lone hydrogen proton is no more than one ten-quadrillionth of an inch in diameter. An electron, itself no more than one ten-trillionth of an inch, must indeed take good aim if it wants to hit the proton head-on! When such a collision takes place it must be a marvelous sight to watch, for both proton and electron are completely non-elastic. There is no rebound, as in the case of billiard balls.




  Once the two parties collide, they hug each other closely and disappear from sight. The combination proton-electron, for which the name “neutron” has been adopted, comes very near to fulfilling Hamlet’s query “To be or not to be.” It certainly exists, because it has weight, and yet at the same time we might almost say that it does not exist, for we cannot detect it with any means of observation. Chemically it cannot be touched; it is much more inert than even helium; and physically we cannot get at it either, for it is so exceedingly small that it falls and goes through everything material.




  A neutron would shoot through a piece of platinum without the slightest difficulty; even this most dense of all metals is no more than a sieve with holes hundreds of thousands of times larger than the neutron. Electrically speaking, a neutron is dead too; the opposing electric influences of proton and electron have killed each other. In fact, were it not that a neutron has weight, we should be inclined to consider it the real “ether.”




  Penetrates to Earth’s Center




  The result of these peculiar properties is that as soon as a neutron has been formed it will drop, penetrating everything in its way. It will shoot past the center of the Earth, and swing back and forth like a pendulum, ultimately coming to rest in the center of the Earth, or the sun, or any other star near which it has been formed. It is quite possible, therefore, that at the center of the Earth we might find a collection of neutrons packed exceedingly close together.




  Calculations show that the minimum density of this “solid neutronium” reaches the high value of four trillion times that of water. One cubic inch packed solidly with neutrons weighs 60 million tons. A sphere composed entirely of neutrons, with a diameter of no more than half a mile, would weigh as much as the whole Earth.




  The densest star we know is the small satellite of Sirius, a star not much larger than the Earth but weighing as much as the sun. The average density of this freak is 50,000 (one ton per cubic inch). Not more than five years ago, when this density was first calculated, no astronomer dared to believe it; everyone was convinced that there was something wrong. Two years ago theory first and observation afterward established beyond doubt the reality of this amazing density. Within a year people may shrug their shoulders at it, for what does a density of “only” a ton per cubic inch amount to when we can juggle with solid neutronium at 60 million tons per cubic inch? The companion to Sirius may be a fairly normal star after all. A small globe of closely packed neutrons fifteen miles in diameter surrounded by a layer of gas 10,000 miles thick would do the trick and give the whole star an average density of 50,000 times that of water.




  Explaining Hard X-Rays




  How then do we explain the origin of the “hard X-rays” coming to us from all directions in space, on the basis of the “neutron theory”? That, too, is very simple. The modern theories of the atom tell us that, in the case of the hydrogen atom, where we have but one central proton and one electron whirling around it, the electron cannot go wherever it pleases. The radius of the circle it describes can only have a few definite values. But every time such an electron is pushed in from a larger circle into a smaller one a ray of light is emitted. The bigger the jump an electron takes the bluer the light.




  Of its own accord, however, an electron will never fall into the proton. But, way up in the atmosphere, where the sun’s rays are powerful and play havoc with the hydrogen atoms, electrons may get loose. They may even entirely forsake their proton and begin wandering on their own hook. It sometimes happens that they approach a proton so closely that they fall into its clutches. The joy of the proton in having caught the electron is so great that a ray of light of extreme intensity is emitted, so penetrating that it far surpasses the hardest X-rays we know on Earth. Our eye cannot see them, but our delicate measuring apparatus detects them easily.




  Created in Pairs




  There is one strange and significant fact about these protons and electrons to which little attention has been paid previously. A proton and an electron are different objects. The electron is comparatively large, weighs little, and has a negative electric charge; the proton is much smaller in size, but 1,800 times as heavy and has a positive electric charge.




  The one curious thing is that not only are these electric charges exactly equal, but the total number of electrons and protons in the universe seems also to be equal. This suggests that they always are created in pairs, that perhaps the energy which the stars so wastefully radiate into empty space is caught somewhere and converted into protons and electrons, one proton for each electron.




  Have we, perhaps, in this way come one step nearer to the solution of how the universe regenerates itself? The key to the problem of the Infinitely Great lies in the Infinitely Small.




  —September 5, 1926




  




   




  Details Concepts of Quantum Theory




  By WALDEMAR KAEMPFFERT




  Of 30 addresses delivered today before the various sections of the British Association for the Advancement of Science, one of the most important was that of a young German, Dr. Werner Heisenberg. Fully 200 mathematical physicists listened to his brief exposition of a conception which will make it necessary to modify belief in what we are pleased to call “common sense” and “reality.” The layman without a knowledge of higher mathematics, listening to Dr. Heisenberg and those who discussed his conclusions, would have decided that this particular section of the British Association is composed of quiet and polite but determined lunatics, who have created a wholly illusory mathematical world of their own. The conception is that they and their kind alone have a proper view of “reality”; the rest of us live in a dream world fashioned by ill-understood words.




  To explain the quantum theory and its modification by Dr. Heisenberg and others is even more difficult than explaining relativity. It is much like trying to tell an Eskimo what the French language is like without talking French. In other words, the theory cannot be expressed pictorially and mere words mean nothing. One is dealing with something that can be expressed only mathematically.




  The consequences, however, are startling. Electrons and atoms cease to have any reality as things that can be detected by the senses directly or indirectly. Yet we are convinced the world is composed of them.




  Action Supersedes Substance




  In the new mathematical universe, events are more important than substances, and energy more important than matter. All mental pictures we have formed of bodies moving through space are thrown into confusion. So simple a conception as a baseball flying from the pitcher to the batter turns out to be obscure, doubtful and even ridiculous.




  Planck, the originator of the quantum theory, Heisenberg, Schrödinger and de Broglie have shown that the whole science of mechanics must be rewritten. And when it is rewritten, no one but a mathematician will be able to understand it. The scientific world is faced with an upheaval as great as that brought about by Einstein.




  —September 2, 1927




  




   




  Super X-Rays Reveal the Secret of Creation




  By WALDEMAR KAEMPFFERT




  [image: image]




  Experiments have been made which, for the first time, confirm the supposition of scientists that somewhere in the universe a building-up process is going on to replace the tearing-down process represented by radioactivity. The announcement of this discovery, with the reservation that it is yet to be more fully proved, was made last Sunday by Dr. Robert A. Millikan, noted American physicist and winner of the Nobel Prize in 1923. The evidence for this new view of the world has been obtained from a study of the cosmic rays, which tell the physicist of the birth of new elements. If the theory is confirmed, Dr. Millikan said, “it will constitute new proof that this is a changing, dynamic and continuously evolving world instead of a static or merely disintegrating one.” The article which follows explains the broad meaning of this discovery.




  X-rays reveal the process of creation? The notion seems preposterous. What possible connection can X-rays have with Sirius, the sun and the Earth? Yet even before Professor R. A. Millikan made his startling announcement last week, astrophysicists were convinced that the stars are colossal X-ray tubes. Professor Millikan has not only confirmed their conviction with experimental evidence but reinforced the Einstein theory of relativity and the modern conception of the electrical nature of all matter.




  There are 3.6 billion stars in the system to which the sun belongs. It stands to reason that they are not all of the same age and the same constitution. So, ever since the beginning of astrophysics, students of the heavens have formulated theories to account for the observed differences in stars and have tried to estimate their ages. Darwin did not see protoplasm evolving from living slimy ooze into such higher organisms as corals, codfish, birds, dogs, apes and men; but he did see that there was a ladder of evolution, on which each living creature found a rung.




  It takes eons to make a star, and the human race has not been in existence for more than 1 million years. Hence the astrophysicist must employ Charles Darwin’s method—arrange and classify stars into a grand system where each will find its proper chemical and physical place. After that he may assume that evolution shifts stars from rung to rung on the ladder, even though a single shift means millions of years.




  Heat from Cooling Star




  The great German physicist, Hermann von Helmholtz, explained the generation of heat and light by a star very simply. As it cooled, a star naturally contracted, but this contraction in turn generated heat. Thus heat and light (energy) were literally squeezed out. Thereupon the astrophysicist proceeded to arrange stars according to color and mass.




  The contraction theory was accepted until about 20 years ago. In fact, it is still good; for it seems certain that the squeezing process is necessary to create some of the conditions that physicists demand in order to account for stellar energy. But standing by itself the theory proves to be inadequate.




  How old is the sun, according to this view? About 20 million years, the mathematicians answer. The geologists and paleontologists protest. The chemist has determined the exact time it takes for such radioactive elements as uranium, radium and thorium to disintegrate spontaneously—a process that occurs under his very eyes. He has found that the minerals in the oldest rocks could not have been formed less than 1.2 billion years ago.




  Even an Earth so old is still too young in the face of other evidence. All the lead in the Earth’s crust could have been produced from uranium and thorium in not less than 8 billion years. Evidently the energy of the sun and the stars is generated by other forces than contraction alone.




  In England, Professors James Jeans, Arthur Eddington, Michelle Milne and Peter Fowler, and, in this country, Professor Henry Norris Russell applied the principles of atomic physics to stars and gave the world views that Professor Millikan has partly substantiated. “We started to explore the inside of a star,” says Eddington. “We soon found ourselves exploring the inside of an atom.” One reason for this lies in the fact that the stars are curiously alike in chemical composition. Hydrogen, helium, iron, calcium—the elements are the same. All those with which chemists deal in earthly laboratories are found in the great crucibles of the sky. Hence there is a unity of atoms and stars, heaving seas and tossing trees, swimming fish and living men, that makes the whole cosmos kin.




  To explain what Millikan has discovered we must explain the modern conception of matter. As everybody knows, the atom is no longer the single, indivisible, hypothetical unit of matter that it once was. It is a complicated system. It has a nucleus, a compact mass of protons and electrons. Around the nucleus revolve electrons. The simplest of all atoms is that of hydrogen. It has but a single electron revolving around the nucleus. Most complicated of all is the uranium atom with its girdle of 92 revolving electrons.




  All electrons are alike. Iron, silver, lead, gold, mercury, oxygen differ from one another merely because they differ in the number and arrangement of their electrons. If we could only subtract and add electrons to nuclei at will, we would have the power of transmuting elements. Man’s engines are too puny. In the distant stars tremendous forces are at work tearing atoms apart and building them up anew. In terrestrial laboratories all that physical chemists can do is to watch the subtracting process—watch radium and other radioactive elements throw off electrons and reduce themselves to less exciting elements.




  Sir Ernest Rutherford has bombarded the nucleus of some atoms with the alpha particles of radium—projectiles that have a speed of 100,000 miles a second—and has at least succeeded in proving that the electron theory is correct. In other words, he knocked hydrogen out of such elements as nitrogen, phosphorus and aluminum and thus proved that the primordial substance of the universe is hydrogen. But no one on Earth has ever succeeded in building hydrogen or any other element into something higher in the atomic scale.




  This electron theory, which reveals the very rock-bottom of matter, enables us at last to understand the process whereby light and heat are produced. What happens when the flame of a match or the glow of a filament sends us its rays? Electrons jump from one orbit to another with incredible rapidity. Professor Niels Bohr received the Nobel Prize for developing that view. It is clearly quite incorrect to liken an atom to a miniature solar system, as textbooks do. Imagine the planets leaping from one orbit to another and releasing energy as they do so! There could be no solar system under such conditions.




  We never knew how to explain the lines of the spectrum until Bohr developed his theory of the atom and the transfer of energy. The marvelous spectral colors of the rainbow are now accepted as the evidence of tremendous activity in the electrons of the sun’s atoms. Similarly the spectrum of any star tells the story of leaping electrons.




  But what makes the electrons jump from orbit to orbit? Heat is the most convenient lash. In our insignificant laboratories physicists apply the heat of the electric current to vaporize a metal, such as mercury, or to stir up the electrons in a gas, such as hydrogen, or the neon that now glows ruddily in many a sign over a shop window. Thus the electrons are made to leap from one orbit to another. Bohr showed that when they leap from a high-energy orbit to one of low energy, light is emitted—either visible light or invisible X-rays. He worked out the case of the hydrogen atom very thoroughly and showed that its solitary revolving electron could be made to jump into 30 different orbits. When we think of such a complicated atom as iron, which has 26 electrons, or uranium, which has 92, it is easy to understand why the spectral lines, the visible evidence of these leaps, should become more and more numerous as we proceed up the scale from hydrogen and why, for example, iron should display more than 2,000 lines.




  Stripping an Atom




  Now the forces that tie an atom together are so tremendous that it is difficult to overcome them and thus tear electrons away. It can be done, however, even on the Earth. When an atom is thus stripped of one or more electrons, it is called an “ion.” There are various ways of thus stripping or ionizing an atom. Turning on the X-rays is one; battering an atom with helium particles—Rutherford’s method—is another. Both these methods and probably others are responsible for the stripped or ionized condition of atoms that lie deep within the sun, and for the thousands of stars that dot the nocturnal canopy. To such a pitch of perfection has the modern theory of matter been brought that the physicist knows exactly how much energy is required to rob an atom of one or all its electrons. Men like Eddington or Russell will tell you, with the utmost assurance, that at the center of the sun calcium is stripped of all but its two innermost electrons.




  But this, in turn, means that the stripping force (heat) must be known. It is. The sun has a surface temperature of about 6,000 degrees Celsius. At the core Eddington and others hold that the temperature must be 40 million degrees. He is not trying to be fantastic—merely to state his mathematical conclusions. Such temperatures actually exist. A temperature of 40 million degrees Celsius means simply that molecules move fast. At ordinary room temperature air molecules rush about with a speed of 500 yards a second; at 40 million degrees Celsius they would dash about at more than 100 miles a second.




  The modern physicist is even more certain about pressures. Von Helmholtz was right when he asserted that the sun and stars contract—only he did not happen to hit on the main source of energy. A star contracts because its atoms are pulled together by the attraction of gravitation. The outer layers weigh heavily on the inner. Density in the heavenly bodies is a matter of gravitational pressure. If that pressure is high, atoms are squeezed tightly together; if it is low, they may be separated by miles.




  In contraction we have the energy that raises the temperature of the stars until they glow internally with a terrific, inconceivable heat. In this heat we have the force that disrupts atoms into their individual electrons and brings about the transmutation of elements.




  The Interior of a Star




  Now we are ready to contemplate Eddington’s sensational picture or a star’s interior:




  Disheveled atoms tear along at 100 miles a second, their normal array of electrons being torn from them in the scrimmage. The lost electrons are speeding 100 times faster to find new resting places. Let us follow the progress of one of them. There is almost a collision as an electron approaches an atomic nucleus, but putting on speed it sweeps around in a sharp curve. Sometimes there is a side-slip at the curve, but the electron goes on with increased or reduced energy. After a thousand narrow shaves, all happening within a thousand-millionth of a second, the hectic career is ended by a worse side-slip than usual. The electron is fairly caught and attached to an atom. But scarcely has it taken up its place when an X-ray bursts into the atom. Sucking up the energy of the ray, the electron darts off again on its next adventure.




  Everybody knows that white heat is more intense than red heat. But just what does this mean? Simply that when a metal is white hot it emits waves of light which are shorter than if it were only red hot. Hence the higher the temperature the more dazzling the light and the shorter the waves.




  What kind of light would be emitted at 40 million degrees, Eddington’s estimated temperature of a star’s interior? X-rays—light of such short wavelength that we cannot see it, of such penetration that they cannot be produced by our feeble X-ray apparatus. Albert Gockel, Victor Hess, Werner Kolhörster, Millikan are a few of the men who have detected such X-rays in space; but Millikan has done more than any other scientist to measure their intensity and determine their origin.




  The higher the measuring instruments are sent, the stronger the rays become. Millikan has sent up instruments in balloons to note automatically how powerful the rays are. He has climbed mountains in Bolivia and California to study them. He is able to assert that they will penetrate several hundred feet of water at high altitudes, which means that they are strong enough to pierce a dozen feet of lead, the very metal that physicians use to protect themselves from the effects of X-rays.




  Kolhörster, the German scientist, believes that the supercosmic X-rays of space come from some such nebula as Andromeda. Millikan, whose measurements are the most accurate thus far made, holds that they come not from any particular quarter of the heavens but from every part.




  At this point Einstein is invoked by Millikan. According to the older physics, matter is indestructible. Not so, says Einstein. Matter can be converted into energy. And his case is so convincing that every astrophysicist accepts his findings. It is just as legitimate to speak of a pound of heat or light as of a pound of beef in this new Einstein language. Jeans and Eddington calmly tell you that the sun, for example, is radiating away 42 million tons of heat a year.




  So, in a very real sense, the stars are throwing themselves away in the form of energy. There is no complete agreement as yet as to the exact nature of the process. Jeans believes that matter is being steadily annihilated and that this is the main source of stellar light and heat—in fact, so good a source that in the past billion years the sun has lost only one fifteen-thousandth of its huge mass. Another source of energy, perhaps a subsidiary source, is found when simple atoms are transmuted into more complex atoms—when, for example, hydrogen is changed into helium. That this latter process actually takes place and that it accounts for his mysterious, highly penetrating cosmic rays, Millikan seems to have established; and therein lies the scientific importance of his recent announcement.




  The Birth of X-Rays




  But how can the transmutation of matter generate X-rays? It is difficult for us to conceive of any such process, because no chemist has yet succeeded in changing hydrogen into helium. But the electron theory explains the method simply enough.




  All matter is fundamentally alike. It all consists of electrons. By adding more protons and electrons to the nucleus of the hydrogen atom, and more revolving electrons, we can theoretically build up any kind of matter we please. So we start with hydrogen and try to build up the next atom in the series, which is that of helium.




  Chemists call the mass of the hydrogen atom 1 because it is the lightest of all atoms. In the scale of atomic weights, helium is entered as 4. This means that four hydrogen atoms make one helium atom—theoretically. In actual practice the mass of helium is 3.97. This determination is so precise that only one conclusion can be drawn: when hydrogen is transformed into helium, something must happen to 0.03 parts of the mass. What if matter disappears, what are we to expect instead? Look for energy, says [Albert] Einstein. That 0.03 is converted into radiation—much of it into X-rays of the highly penetrating cosmic type.




  On this all astrophysicists are agreed. And now Professor Millikan comes forward with experimental proof that his cosmic rays are born when new matter is created in the stars—when hydrogen is transmuted into helium and heavier atoms. And what is his proof? A spectrograph with lines in it. The lines prove that electrons are jumping from orbit to orbit in an atom quite in accordance with Bohr’s theory. What is more, they are in the very positions in which they should be if the Einstein theory is correct—if mass is actually radiated away in the form of energy. In the whole range of physics it would be difficult to find a more satisfying demonstration of the truth of the great principle which Einstein developed mathematically.




  Einstein Universe Very Real




  Millikan has made one of the striking, fundamental discoveries of our day. Physicists were sure that elements were being transmuted in the stars. He proves their case for them. He furnishes new evidence that the seemingly absurd universe of Einstein—a universe which is finite, in which space is curved, in which light comes by the pound, in which gravitation is regarded as a crumpling up of space—is very real.




  Most important of all, the astrophysicist is assured that one source of cosmic energy is the building up of hydrogen into higher elements.




  From now on his business is to test and redesign his theories of the constitution of stars.




  The first task will probably be that of determining from what type of body the cosmic, super X-rays come. Eddington holds that as matter is destroyed and re-formed within a star the rays reach the outer rind after thousands, even millions of years, but markedly changed. Progressing outwardly, they increase in length—become “softer.” In the end they are no longer Millikan’s rays, but X-rays of the feebler type we produce in our laboratories to photograph bones and light rays which speed peaceably toward the Earth for centuries, which we can see, and which, therefore, tell us of the star’s existence and position. But if these short, hard, piercing rays are thus transformed and tamed, how is it that they are detected in the upper reaches of our atmosphere?




  Eddington believes that the main source of Millikan’s rays lies in the diffuse nebulae. But this view presents difficulties of which he is fully aware. In a nebula the gases are so rare that the vacuum in an electric incandescent lamp is dense in comparison. In that thin medium, electrons and protons would have to travel for days before they met and grouped themselves into hydrogen, helium and other gases and send out powerful X-rays. This is inconsistent with the doctrine that new elements are built up only when the heat is much more intense than it can possibly be in a nebula, and when atoms and electrons are crowded together. Atoms must be excited if they are to be broken down, re-formed and made to emit X-rays. But, as Eddington says, “The more we face the difficulties of all theories of the release of subatomic energy, the less inclined we are to condemn any evidence as incredible.” The main thing is that Millikan has removed the doubt once entertained as to the origin of the cosmic X-rays. They are unquestionably created when new matter is born somewhere in the heavens.




  —March 25, 1928




  




   




  Tests of the Electron Indicate It Is a Wave




  By CLINTON J. DAVISSON




  Probably no scientific question is the subject of more intensive inquiry today than the nature of the electron. The basic component of all matter, both on the Earth and throughout the universe, its analysis is as important to the astronomer as to the physicist. For long it was regarded as a minute solar system. Dr. Davisson of the Bell Telephone Laboratories caused a stir in scientific circles recently by describing further before the American Philosophical Society his hypothesis that the electron is a complicated vibratory phenomenon. He describes here how he came to this conclusion and outlines its significance.




  Scientists frequently make discoveries that lead them to believe they have unraveled the nature of negative electricity, or electrons, tiny specks of electricity so small that even a powerful microscope cannot detect them. The size of these little particles has been pictured by one scientist, who states that if a drop of water were magnified to the proportions of the Earth, each of the electrons composing it would be no larger than a grain of sand.




  Electrons are at work for man in thousands of different ways. To a radio receiving set, for instance, they are like blood to the human system. But the more man learns about the magic electron, the more perplexed he becomes. For more than 30 years scientists have been questioning nature about the electron’s entity. During all but the last three of these years every one of the answers has permitted them to infer that radiation becomes the source of a new type of radiation which passes through the walls of the tube and is capable of fogging photographic plates even when screens opaque to light are interposed in its path.




  It had been discovered that the cathode rays could be bent by magnetic force; the shadows which were cast by objects in their way could be displaced by moving a magnet about in the neighborhood of the tube. We may suppose that the investigator who was first to make this test was not greatly surprised at the result he obtained. The test is one which would occur to anyone familiar with electrical phenomena, and the result is consistent with the acceptable hypothesis that the radiation is composed of electrically charged particles streaming forth from the cathode—negatively charged particles, for the sign of their charge may be deduced from the deflections. They might be negatively charged atoms, but this was not a matter which could be determined by qualitative experiments of this kind.




  Observing the paths of the cathode rays, J. J. Thomson in England, and [Emil] Wiechert in Germany, in 1897 and 1898, confirmed the idea that the rays are streams of charged particles. They found that the velocities of the particles varied with the conditions of the experiment, but were always tens of thousands of miles per second.




  The Electron as a Particle




  During the 25 years which followed upon the work of Thomson and Wiechert there were innumerable experiments of the most diverse kind, and the conception proved adequate for all. Electrons were found to be a universal constituent of matter. They could be abstracted from any kind of matter in a variety of ways; they could be vaporized from matter by heating, a fact which is utilized in the construction of the thermionic tubes in our radio sets; they streamed forth under the action of light and X-rays; they were emitted spontaneously by radioactive materials.




  Probably the strongest of the evidence that electrons are corpuscular, or taking the form of minute particles, is afforded by certain experiments of the English physicist C.T.R. Wilson, the “cloud experiments.” In a typical experiment of this kind, a beam of X-rays traverses a gas, tearing electrons loose from occasional atoms in their path. Many of these electrons rush off with enormous speeds, tracing long crooked paths through the gas. Each in its turn detaches electrons from many of the atoms which it strikes, leaving behind a train of “ions”—atoms which are positively charged. Wilson’s evidence is based upon the fact that upon these ions water vapor is peculiarly likely to condense. He saturates the gas with water, cools it suddenly by letting it expand, and then the trail of each electron is marked by a stream of tiny droplets.




  The paths pursued by the individual electrons are individually sharp and clear.




  Röntgen discovered X-radiation in 1895. It proved much harder to settle the nature of this radiation than it had seemed to be for cathode rays. Beams of X-rays are not deflected in either electric or magnetic fields. They are not a radiation of electrically charged particles. They might still be a radiation of uncharged particles, or a radiation of waves similar to light, but nature was reluctant to say which. Only after cross-examination which lasted sixteen years was the question put to her in a form to which she would give a clear and unequivocal answer. The successful inquisitor was the German physicist Max von Laue. The answer he received was that X-rays, like light, are a radiation of waves. They are to be compared with the propagation of a disturbance, as when, to use the time-honored simile, the commotion caused by casting a stone into a quiet pool is propagated outward in the form of waves.




  The experiment performed by von Laue and his collaborators in 1911 was rather simple; a narrow beam of X-rays was directed through a crystal (of the mineral called zinc-blende) and a photographic plate was set up beyond the crystal to receive whatever rays got through. On developing the plate they found a spot produced by rays which had passed through the zinc-blende undeflected. But in addition—and this was the astounding fact—they saw a multitude of lesser spots sprinkled all around it. There was a beautiful and regular array around the central spot bearing witness that there must have been an array of deviated lesser beams about the undeflected beam. The evidence showed that X-rays are waves.




  X-rays and Electrons Both Waves




  The question asked of nature by von Laue has been put in as many different forms as experimenters have been able to devise, and always the answer is the same—X-rays are waves.




  It occurred to no one in 1911 to repeat von Laue’s experiment with cathode rays to find if the pattern of spots produced with X-rays might not be produced also with electrons—and why should it? There was no question about the nature of cathodic radiation. It was definitely corpuscular! The pattern obtained by von Laue was definitely a consequence of the wavelike character of the X-rays. There was no reason to expect that similar experiments with electrons could possibly yield the same or similar results. However, during the last three years, not only the Laue experiment but all of the experiments which demonstrate the wave character of X-rays have been repeated with electrons; and in every instance, wonderful to relate, the result was the same! A beam of electrons projected against a single crystal is broken, like a beam of X-rays, into an array of lesser deviated beams; ring patterns are obtained when electrons are scattered by disorderly masses of little crystals, and so on. And as with X-rays, all the details of these phenomena conform to what one may deduce from the assumption that the incident beam in these experiments is a beam of waves.




  A ring pattern resembling the ripples on a pond when a stone strikes its surface was obtained recently by the German physicists Eisenhut and Kaupp, and is for electrons scattered by an aggregate of tiny crystals of silver. Ten or 12 rings appear on the original plate and the diameters of these rings are precisely the ones which would have been observed had the pattern been produced by X-rays of a particular wave length. The reasons for regarding electrons as waves are the same as those for regarding X-rays as waves. If X-rays are waves, so also are electrons.




  —June 15, 1930




  




   




  To Speed Hydrogen to Break Up Atoms




  A new apparatus intended to speed up atomic hydrogen particles to 37,000 miles a second in an effort to attain a long-sought goal—the breaking up of the atom—was described to the National Academy of Sciences in Berkeley, California by Professor Ernest O. Lawrence of the University of California.




  Professor Lawrence and his colleague, Dr. N. E. Edlefson, have devised an apparatus that promises to give atomic bullets great speed without the use of immense electric fields or super X-ray tubes that have hitherto been considered necessary.




  Speeds of some 37,000 miles per second, or energies equivalent to that produced by a million volts, are necessary before the atomic battering can begin. The largest vacuum tubes commonly available are capable of withstanding only about 200,000 volts.




  By Professor Lawrence’s method, protons, which are hearts of hydrogen atoms, are caught by an electrical impulse of only 10,000 volts, then snatched by a magnetic field, next seized by a current of opposite direction and treated in this way again and again until the protons spiral at ever-increasing speeds and finally are shot out of the apparatus at immense speeds ready to attack other atomic nuclei.




  —September 20, 1930




  




   




  How to Explain the Universe? Science in a Quandary




  By WALDEMAR KAEMPFFERT




  Victorian science was highly offensive to poets and theologians because it reduced the universe to a machine in which man had no purpose. God was an extraordinarily skillful and far-seeing engineer who dovetailed atoms and stars into a mechanism that could be visualized. It made no difference whether man or his consciousness existed. The cosmic machine kept on moving. Ever since the time of Galileo and Sir Isaac Newton the evidence that the universe is a machine had been accumulating at such a rate that it became overwhelming. Ultimately the chief function of science was supposed to be that of predicting the future on the basis of the machine’s ceaseless operation.




  That mechanical universe is now gone. Science has been forced to become idealistic. In two recent addresses, the one by Sir James Jeans and the other by Sir Arthur Eddington, both leaders in mathematical physics, the strange pass to which exact science has come is summarized. The discovery of the atom’s structure, the relation of radiation to matter and the evidence advanced by Einstein and others that our supposedly common-sense views will not bear critical examination have made it necessary to enthrone thought in place of the machine—thought in the form of mathematical concepts. Cause and effect disappear in an exact sense. Chance seems to reign. There is room now for man and his soul. The mathematician has crowded out the old-fashioned philosopher, who is as bewildered by the new physical conception of the universe as if he were the veriest layman. God is a mathematician whose wonders are revealed in symbolic abstractions, and Einstein, Eddington, de Broglio, Schrödinger and Heisenberg are His prophets.




  A Universe of Spirit




  In his now famous Rede Memorial Lecture, expanded into a volume, The Mysterious Universe, Jeans proclaims the universe as a creation of mind—perhaps mind itself. And in his recent radio address to England and America, Eddington declared that behind the symbols in which reality now finds its only logical expression lies “a spirit in which truth has its shrine, with potentialities of self-fulfillment in its response to beauty and right.” Both men speak from deep conviction. Their views, so far from being peculiar, are those of mathematical physicists who have made atomic theory, non-Euclidian space and radiation their special study.




  The only language in which the new vision of science can be expressed is mathematics. To explain the new theories in popular print is like trying to explain to a deaf man what a Bach fugue is like. Nor must it be assumed that the mathematician sees clearly. His equations are a formal interpretation of experience. Behind his symbolism lies the real universe of which he is slightly more aware than the rest of us, but which is forever unknowable, because mathematical reasoning can be pushed no further.




  The history of the electron theory of matter is a revelation of our changing conception of what we regard as “reality.” We begin with the familiar solar-system atom invented by Sir Ernest Rutherford. Imagine a nucleus and around it electrons revolving like planets. Hydrogen has one such planetary electron. At the other end of the scale is uranium with 92 electrons. Such was the Rutherford atom, which dominated the field until 1925. We talked boldly about transmuting elements. Why not? Rutherford himself transmuted some elements into others by stripping away electrons. On paper, at least, it was possible to convert base metals into noble metals by adding electrons.




  Electrons and Electricity




  The atom thus conceived was still a piece of machinery. The tracks of electrons were photographed. There could be no doubt that electrons were real, even if they were smaller than any invisible atom. What was disconcerting and not easy to understand was that these electrons were not only matter but electricity. Sir J. J. Thomson and Professor R. A. Millikan actually measured the electric charge of an electron—showed that the electron was all electric charge.




  A readjustment of human standards of thinking was necessary to grasp this new conception. Trees, stars, houses—all were composed of inconceivably minute bits of electricity. Matter and energy were one and the same. Man, as a collection of electrons, was a manifestation of energy. There was nothing really material about him in the accepted sense. For all his solidity he was composed largely of empty space inhabited by occasional bits of energy arranged as atoms. In fact he was relatively about as empty as the solar system. Only the extreme minuteness and vast number of atoms and electrons gave him the aspect and touch of solid flesh.




  Because it did not follow Newton’s principles obediently, the Rutherford atom came to grief. As they revolved, the electrons radiated energy. The Newtonian principles demanded that at the same time they should spiral nearer and nearer the nucleus or “proton.” A universe composed of such planetary electrons should have collapsed in a flash long ago.




  The man who did the most to extricate physicists from this difficulty was Professor Max Planck, whose quantum theory is fully as important as Einstein’s theory of relativity and even more difficult to understand or to express in popular language. Only the implications of the theory can be stated in words. In fact, it must not be supposed that even the all-wise mathematician pretends to understand the quantum theory. Only the twelve men who alone are supposed to understand Einstein grasp the quantum theory in something like its full mathematical significance.




  The Max Planck Theory




  Nearly 300 years ago, Newton advanced the theory that light is composed of particles, or corpuscles, which travel in straight lines and which can be reflected like bullets or billiard balls when they strike a surface. Planck’s view is similar. According to the well-established, classical wave theory of light, something had to oscillate in order to send out waves of radiation. The ether was somewhat like a carpet which is picked up at one end and shaken. As long as the carpet is shaken, waves are produced. Planck proved not only that it was unnecessary to shake the ether continuously to produce radiation waves, but there were no waves at all. Unlike the theory of relativity, this new view of the nature of light is of the utmost practical importance. Scientists made good use of it whenever they dealt with light on a very small scale. Light is composed of darts, bullets or packets—“quanta.” Energy is therefore discontinuous and atomic. It comes in jerks, like motion pictures, but the jerks follow one another so rapidly that we see continuity.




  Planck was not taken too seriously at first. Einstein elaborated his theory and gave it its present standing. “It marked the end of the mechanical age in science, and the opening of a new era,” says Jeans.




  To grasp the full significance of the Planck-Einstein theory, we may modify an analogy of Sir William Bragg’s. Imagine a pond in which blocks of wood, each weighing a pound, are floating. Suppose a new block of wood, also weighing a pound, is dropped 10 feet into the middle of the pond. All the floating blocks bob up and down as the waves generated by the splash spread out, the inner blocks more violently than the outer because the waves dissipate their energy as they spread in ever-widening circles. Here we have a crude visualization of the wave theory of light.




  Planck observed that something entirely different actually occurs. When the one-pound block of wood is dropped 10 feet into the pond, the other blocks do not bob up and down at all. One block (which one cannot be predicted) suddenly leaps out of the water exactly 10 feet. All the energy of the falling block is transmitted to that one floating block without disturbing the other blocks and with nothing happening in the water or the intervening space.




  The laws governing these quantum phenomena can be written down, but they are unintelligible at present. The difficulty arises from the way we think and talk about things. The most startling confirmation of Planck’s views came from Professor A. H. Compton, who won the Nobel Prize for his work. Compton shot X-rays at electrons. Some of the rays were scattered not like waves but like bullets or Planck’s quanta, and they behaved just as if they had energy, mass and momentum. In photoelectric cells, which are used in all television apparatus to convert light into electricity and electricity back into light, evidence is again presented that Planck is right. The cells are coated with a film of metal. When the light strikes the metal, electrons fly out, just as if they had been knocked out by the impact of as many bullets.




  Planck’s quantum, already famous as the mathematical symbol h, is just as real as the electron. It has been measured by Millikan. Whenever radiant energy is absorbed in matter, h always appears in the mathematical formulas. In the interaction of radiation and single quanta, Eddington sees “something lying at the root of world-structure and not a casual detail in the mechanism of the atom.”




  No one knows why a quantum of light should fly off at one moment rather than another, or why it should affect one electron rather than another. Physicists therefore see cause and effect dethroned. Instead of dealing with a mechanism which moves in a predictable way, we deal with probabilities. It is clear that when we deal with probabilities we deal not with a machine but with chance, and with chance only the mathematician can cope. Hence mathematical concepts become more important than mechanism.




  This quantum theory was applied by Niels Bohr, another Nobel Prize winner, to explaining the structure and operation of an atom. We have seen that the Rutherford atom was impossible, because atoms would collapse as they radiated and revolved. To account for the fact that the universe was still in existence and showed no signs of collapsing, Bohr arbitrarily conceived the electrons as revolving but not radiating. They could revolve forever unless something happened. Whenever the atom radiated light, after having been excited by heat, electric energy or some other force, the electron would jump to the next larger orbit. To rid itself of its acquired energy the electron slipped down to the next inner orbit. This jumping up or down occurred in accordance with the quantum theory. By jumping down, an electron lost energy, and the energy lost was a detectable radiation. So many electrons were thus rapidly leaping in a luminous gas or an electric lamp filament that we saw what looked like a continuous glow.




  In the Rutherford atom the electrons could revolve in any orbit. In the Bohr atom they revolved only in permissible, fixed orbits, in which respect they were like railway trains. When they jumped, they systematically jumped to the next orbit. The leaps back and forth resulted in vibrations like those of a broadcasting station which has at its disposal a particular set of wavelengths and not every possible wavelength. These wavelengths are visible as lines and colors in the spectrum. For the first time the meaning of the spectrum was explained, and therein lay the great virtue of the Bohr atom, artificial and highly complicated as it was.




  Diffraction Phenomena




  It must not be supposed that the quantum theory utterly destroyed the wave theory of light. Like Newton’s old corpuscular theory, it cannot explain diffraction phenomena. What these are anyone knows who has ever held a silk umbrella up against a lamp. In addition to a blurred image of the lamp, there are patterns of light. These are produced by waves which cancel each other in certain places. Only the wave theory can explain the diffraction patterns. Physicists are confronted with a difficulty. When they deal with light on an atomic scale, as in lamp filaments, they must resort to Planck’s theory. When they explain some of the phenomena associated with the light of Sirius and other distant stars, they must invoke the old wave theory.




  The Bohr atom broke down for various reasons. It was objectionable on common-sense grounds. The atom radiated only when an electron jumped. When it did not jump the electron was supposed to revolve quietly—something that could never be observed and therefore verified. It was impossible to tell when an electron would jump or where it would land, so that electrons seemed to be endowed with something that resembled free will. They certainly behaved as if they could make the mathematical calculations necessary to achieve their end.




  Young Professor Werner Heisenberg disposed of the Bohr atom by insisting that we have no right in science to go beyond the verifiable. After all, what do we actually know about the atom? Merely that it is composed of electrons and that these radiate under certain conditions. Therefore we must confine ourselves to radiations in our study. In fact, we must give up our picture of the atom as a substantial structure and deal only with effects that can be observed and mathematically interpreted.




  The Principle of Uncertainty




  When he thus pins himself and other scientists down to the verifiable, Heisenberg finds reality very different from what science and philosophy suppose. He introduces what is known as the principle of uncertainty or indeterminism, a principle that Eddington believes to be as important as relativity. It may be said that this is a confession of ignorance. The Heisenberg principle of indeterminism is more than that. Before it was introduced, there was more ignorance, but ignorance that looked like knowledge because old habits of thought and expression fooled us into thinking that we knew more than we did. We coined words and phrases to explain the universe without much regard for the facts.




  The old-fashioned chemist used to explain the rusting or oxidation of iron in moist air by saying that iron had an “affinity” for oxygen. In reality, his word affinity explained nothing. Similarly, physicists like Rutherford and Bohr constructed models of atoms to fit observed facts and then assumed that the models must be right. A few new facts made it necessary to adopt another model. Science was merely indulging in a respectable form of speculation about the real nature of the universe. No wonder, then, that Heisenberg insisted that science confine itself to verifiable facts, penetrate as deeply as it could into the structure of matter and never on any account mistake assumptions for truth.




  Reduced to its lowest terms Heisenberg’s principle of indeterminism reads: A particle may have position or it may have velocity, but it cannot in any exact sense have both. That seems simple and harmless enough. Yet the world, when tested by it, fades into a wraith. It turns out that all our supposedly accurate measurements are reasonably correct only in a very coarse way. They are good enough for workaday purposes. When we deal with atoms and electrons, the very structure of the universe, they are deceptive. Professor Percy Williams Bridgman asks us to consider the case of an expert billiard player who, by proper manipulation of the cue ball, makes two balls rebound from the collision as he wishes. The billiard player predicts the future from the present, something possible only with the gross matter of a workaday world. When we come down to atomic realities, the case is different. By analogy with the billiard ball, we expect the physicist to predict what will happen when a bullet or quantum of radiation collides with an electron.




  “The fact is,” says Professor Bridgman, speaking for mathematical and experimental physicists as a whole, “it never has been done, and, if our present theories are correct, in the nature of things never can be done. It is true that if some one will tell me now the electron bounces away I can tell how the bullet of radiation bounces away, or conversely; but no one has ever been able to tell how both will bounce away. Billiards played with balls like this, even by a player of infinite skill, would degenerate into a game of pure chance.” This means that, on an atomic scale, we can never identify one electron with another after it has radiated.




  Heisenberg’s statement is that we not determine the position and velocity of a particle at the same time, that if we try to measure one thing accurately, we pay a heavy price in not being able to measure something else accurately. Professor Bridgman of Harvard explains the situation:




  “A body has position only insofar as its position can be measured; if its position cannot in principle be measured, the concept of position applied to the body is meaningless, or in other words, a position of the body does not exist. To carry the paradox one step further, by choosing whether I shall measure the position or velocity of the electron I thereby determine whether the electron has position or velocity. The physical properties of the electron are not absolutely inherent in it, but involve also the choice of the observer.”




  This is much more than mere philosophical quibbling. We are trying to explain reality, the universe, the objects we see and feel. We must of necessity explain them in terms of electrons, the elements of which they are composed. We find ourselves baffled. On an atomic scale we can never identify one electron with another after it has radiated. An electron can be spotted only when it has done something, such as activating a photographic plate, and even then only after the activation.




  What happens between the instants when electrons are thus spotted cannot be observed and must be a matter of probability. Last Summer Professor A. H. Compton experimentally proved that this is so. Some positions are more probable than others, mathematically speaking. He determined what they are, turned the X-rays on a gas, and got the electrons to activate a photographic plate in just the expected probable positions. Heisenberg’s seemingly fine-spun moonshine is thus experimentally verified.




  The Reign of Pure Chance




  We can say only that the electron is probably in such-and-such a position or that it has such-and-such a velocity. Hence we can never know anything definite about an atom and therefore about a world composed of atoms. Pure chance reigns. The concept of cause has no meaning in the atom. With Heisenberg we reach a point, where, as Professor Bridgman says, “knowledge must stop because of the nature of knowledge.” As the physicist penetrates deeper and deeper, the world “eludes him and fades away by the highly unsportsmanlike device of just becoming meaningless.”




  Very similar conclusions follow from the conception of the atom formulated on the basis of Einstein by de Broglie and highly developed by Schrödinger. Electrons are reduced not to radiations but to waves. Fanciful as this may seem, the waves have actually been photographed, so that they cannot be a mathematical myth. Clinton Davisson and Lester Germer of this country and G. P. Thomson in England have shown that when electrons are shot against crystal surfaces in the right way, diffraction patterns are obtained—indubitable proof of light waves. But what is waving is not clear.




  Whether we accept the Schrödinger or the Heisenberg atom makes little difference. In either case “the electron ceases to have the properties of a ’thing,’ as conceived by common sense,” says Bertrand Russell “It is merely a region from which energy may radiate.” If we could make a snapshot of an atom, it would be a kind of luminous smear with no well-defined boundaries. The matter of which the universe is composed is reduced to mere emanations from a locality—“the sort of influences that characterize haunted rooms in ghost stories,” to quote Russell again. “All sorts of events happen in the physical world, but tables, chairs, the sun and moon, and even our daily bread, have become pale abstractions, mere laws exhibited in the succession of events which radiate from certain regions.”




  We see to what a strange pass science is reduced in its attempt to explain the universe. Light turns out to be composed of quanta or darts when it is studied on a small scale. Consider it on an astronomical scale or in the form of radio (for in radio we deal merely with light that our eyes cannot see) and only the old wave theory can help us in our effort to explain what occurs. Professor Laue proved that X-rays must be light waves by making them form tell-tale diffraction patterns after having passed through a crystal; yet Professor Compton proves by similar means that X-rays are like darts. Electrons are handled as if they were bullets, and they leave tracks on a photographic plate, just the kind of tracks that a bullet would leave. On the other hand, Davisson and Germer, following the conclusions of de Broglie and Schrödinger, produce photographic evidence that electrons are only waves of something.




  With the ether it is the same. In fact, its history, in a sense, is evidence of the steadily increasing bewilderment of science. In its modern form, the ether had been postulated to account for the transmission of light. Light was a wave motion—still is, for some purposes. We cannot speak of waves in the ocean without imagining water. So the “luminiferous ether” was invented to explain what waved when a star or a lamp sent us light waves. The ether was so tenuous that it was supposed to pervade everything, even the spaces between atoms of matter. No gas was so rare. Because of its nature, it could never be the subject of direct experiment. As new facts were discovered (radio, for example) it became necessary to tinker with the ether. While it was more tenuous than any gas, it acquired some of the properties of a jelly. In spite of its diaphanous nature, it had to be as rigid as steel. Finally, it was endowed with imaginary cogs, squirts, vortices, and other mechanisms to explain the facts of radiation and matter.




  Einstein and the Ether




  This ether was as actual to the physicist of twenty years ago as a chair—actual in the sense that it was indispensable in explaining the universe. Einstein ignored the ether, or, rather, found that it was unnecessary to consider it in his probing of reality. Some of its properties have been transferred to space under the relativity theory. And yet when we cannot explain radiation or matter by the quantum theory or by more or less substantial electrons, when unmistakable wave phenomena crop up, the old ether in some form still comes to the rescue.




  The truth is that the nearer we come to reality, to the rock bottom of the universe (and despite its bewilderment, science was never nearer to reality than it is now), the more baffled we are. We must rely on our senses when we deal with the outer world. Our sense impressions we reduce to mathematical form, so that we have a set of symbols which mean something only to a few mathematicians. Behind the symbols, men like Jeans and Eddington feel, something lies which can never be grasped by what we call exact science. Possibly we must develop other sides of human nature if we are to push further into the beyond.




  The Scientific Method




  We have adopted the scientific method because it was the easiest. It has taken about a million years to develop this scientific method to its present perfection. Suppose we were to spend the next million years in developing other methods vaguely described as intuitions, “inner voices,” and the like. Would we see deeper? Eddington seems to think so.




  There are certainly other methods of apprehension than those of science. To Eddington our strange flashes of insight, the stirring of something within us at the aspect of a sunset, the fierce belief of religious martyrs willing to be burned alive, can no longer be dismissed because they have nothing in common with the scientific approach to a problem. They acquire a new significance in view of the manifest impasse that science has reached. Possibly poets and seers who have had religious experiences may be aware in a dim way of what lies behind the mathematical concepts in which we now express what little we know of the world around us. Eddington says as much. “The spiritual element in our experience is the creative element.” The old hearty cocksureness of science is gone. Its place is taken by a deep humility and a willingness to consider more seriously than ever before what may be revealed to the eye of the soul.




  —January 11, 1931




  




   




  Einstein Affirms Belief in Causality




  In contradiction to the Schrödinger-Heisenberg school of physical theory, advocates of the now famous principle of indeterminacy, which denies that things in nature follow predetermined laws of cause and effect, and substitutes for the concept of causality a flexible concept of mere probability, Dr. Albert Einstein, in an interview in Berlin, stated his belief that the law of causality would eventually be recognized again by science as an inevitable part of the nature of things.




  “I know very well,” he said with a smile, “that my conception of causality as part of the nature of things will be interpreted as a sign of senility. I am convinced, however, that the concept of causality is instinct in matters relating to natural science.




  “I believe that the Schrödinger-Heisenberg theory is a great advance and am convinced that this formulation of the relationships of quanta is nearer the truth than any previous attempts. I feel, however, that the essentially statistical character of this theory will eventually disappear because it leads to unnatural descriptions, since it does not describe nature but merely expectations from nature, while the aim of science is describing the things themselves, not merely the probability of their happening.”




  Sees Need of New Conceptions




  He pointed out that new conceptions must be introduced to permit a more exhaustive description of the infinitesimal world of the electrons, protons, and photons, before we can hope to get an accurate description of the things themselves. The mere “probable” correctness of the present mathematical equations is only an indication of the fact that these new conceptions are still missing, he said.




  Settled once more in his familiar rooms at his home in Berlin, he confided that it was not anxiety over the fate of the theory of relativity which prevented his being seasick, despite a stormy crossing, and which caused a troubled look on his face at his arrival, but, rather, that after conversations with astronomers at Mount Wilson he had begun worrying about the immediate future of the universe.




  “For,” he said, “according to the observations of Professors [Edwin] Hubble, [Milton] Humason, and [Richard C.] Tolman of Pasadena, California, it appears that the universe is continually exploding like a gunshell at a rate that would allow it to last only another 10 to a hundred billion years.”




  The California scientists have observed a curious shifting of the red end of the spectrum of the spiral nebulae, the most distant celestial bodies observed so far, which, according to the Doppler principle, had to be interpreted to mean that the universe is expanding at the speed of an exploding gunshell, and was said by some to stamp the theory of relativity as false. Dr. Einstein said that the contrary was the case.




  Upholds Relativity Theory




  “If you ask whether such an expansion of matter is possible,” he said, “I will say that it not only does not contradict, but it necessarily follows from the theory of relativity. On the basis of the general theory of relativity, consequently applied to the expanding density of matter, you obtain a result establishing the relationship between the rate of expansion and the average density of matter to a degree well in keeping with the present estimates.




  “So far so good. But the trouble is that, according to the most recent observations, this expansion is so tremendous that the life of our universe could last only another 10 to a hundred billion years, which is very little considering that the surface of our Earth already exists about one billion years. There is obviously a mistake somewhere.”




  Dr. Einstein here looked up with a frown and added: “But this paradox is wholly independent of the theory of relativity!”




  The question came up whether there was possibly something wrong with the Doppler principle itself that would account for the alarming results obtained by the California scientists. Einstein pointed out that to doubt a principle so long established would, for the present, be merely futile speculation, adding that we must keep our minds open until the completion of the 200-inch telescope at Mount Wilson, “which will make visible a light bulb on the moon.”




  Professor Einstein expressed admiration for Dr. Hubble’s research work on the structure of the spiral nebulae which indicates that the matter of these distant systems is equally distributed. This observation, he said, is very important, if we consider that in our own Milky Way system the stars appear to be grains of dust, with vast intervening empty spaces.




  —March 17, 1931




  




   




  Discovers Neutron, Embryonic Matter




  Dr. James Chadwick, working in Cavendish Laboratory at Cambridge, has discovered the neutron—one of the ultimate particles of nature. The discovery, first made public today, was hailed by scientists here as the most important achievement in experimental physics since Lord Rutherford demonstrated the nuclei structure of the atom in 1911.




  The particle Dr. Chadwick discovered, according to The Manchester Guardian’s scientific correspondent, appears to consist of a proton and an electron bound together, and hence without an electric charge. It was therefore named the neutron, representing the first step in the evolution of the elements out of electricity and may well be the material of the famous cosmic rays, which might be streams of neutrons.




  Some physicists here are of the opinion that it is one of the fundamental discoveries in physics, ranking with the discovery of the electron, the proton and the X-ray. A question also has been raised as to the practical use of the discovery— whether it will result in entirely new experiments, as the X-ray has done.




  The neutron represents the first step in the evolution of matter, the first step in the building up of the common materials of everyday life out of primeval electrons and protons. It is the embryonic form of ordinary matter, growing but not yet born.




  Scientists Hail Discovery




  “The discovery is of the greatest interest and importance—possibly the greatest since the artificial disintegration of the atom,” declared Lord Rutherford, director of the Cavendish Laboratory. “It already has afforded a number of examples of unexpected types of atomic disintegration and offers a promising approach to a number of important problems.”




  The neutron’s principal properties bear out a prediction by Lord Rutherford twelve years ago in a lecture before the Royal Society, when he discussed possible types of matter then unknown.




  The discovery recalls Dr. Chadwick’s first researches as a student at Manchester University. In 1912, at the age of 21, he discovered that substances struck by the heavy particles ejected from radium emit a penetrating wave radiation. He has now shown that the same kind of particles may also cause neutrons to be emitted.




  Later, Dr. Chadwick studied at Berlin and Cambridge and became one of Lord Rutherford’s chief lieutenants during a period of radioactivity research at Manchester. Always distinguished by exceptional thoroughness, now he has added special inspiration to his gifts.




  Completed in Fortnight




  Those who heard him describe the latest research, which was completed within a fortnight, said to be a record for an important discovery in modern physics, were profoundly impressed by his mastery of detail and theory.




  During the World War, Dr. Chadwick was interned at Ruhleben, where he improvised a small research laboratory in camp and passed his time experimenting. C. D. Ellis, a fellow prisoner, who had been interested in physics, revived his interest and after the war went to Cambridge, becoming one of the chief figures at the Cavendish Laboratory. Dr. Chadwick and Mr. Ellis collaborated with Lord Rutherford in the recent revision of Lord Rutherford’s treatise on radioactive substances. When Lord Rutherford left Manchester for Cambridge, Dr. Chadwick went along as his right-hand man.




  —February 28, 1932




  




   




  Chadwick Calls Neutron “Difficult Catch”




  By FERDINAND KUHN JR.




  Dr. James Chadwick, 41-year-old Cambridge physicist, explained to this correspondent the experiments which led to the discovery of a new type of ultimate particle, consisting of a proton and an electron bound together without an electric charge and hence called a “neutron.”




  While British scientists are eagerly discussing his discovery and Sir Arthur Eddington has called it “tremendously important,” Dr. Chadwick refused to make any sweeping claims for what he had found. The existence of the neutron is “probable,” he declared, but with the true scientist’s caution he would not say he was absolutely certain. For the present he is inclined to understate his own case in the interest of scientific accuracy.




  So far, Dr. Chadwick said, his experiments have been convincing, but he plans to exhaust every possible means of proof before he is completely satisfied. Experiments in the Cavendish Laboratory will continue for days and possibly weeks, he said, until the chain of evidence becomes unbreakable.




  “It is curious that the neutron has been with us almost two years and we never knew it,” he explained. “We have suspected its existence more than a year, but it was impossible to get a really conclusive experiment. Perhaps we did not have the proper technical equipment or possibly our first experiments were not correctly performed.




  “In any event, the neutron was difficult to catch. Other particles can be seen and their actions watched, but the neutron we could not see and it left no traces of its passage. It was not till we got photographs that we were reasonably certain of the neutron’s existence.”




  The discovery of the neutron was made, he explained, in the process of investigating the atomic nucleus with the help of earlier researches by Irène Joliet-Curie, daughter of the discoverer of radium, and Professor Robert A. Millikan, the California investigator of the so-called cosmic rays. With the technique which has made the Cavendish Laboratory world famous, Dr. Chadwick and his associates proceeded to bombard atoms of metal beryllium with radioactive rays which physicists know as “alpha” particles.




  “Myriads of alpha particles bounded off the atom, but one or two penetrated to the inside of the nucleus with curious effect,” Dr. Chadwick explained. “Normally the entry of an alpha particle causes the protons to escape from the atom, but in this case no protons escaped. There was simply radiation which was neither waves of light nor protons nor electrons. It arose neither from vibrations nor from positive or negative electric charges. The only explanation was that it was caused by neutrally charged particles which, we decided, must be neutrons.”




  Many of the neutron’s effects in passing through matter resembled those of the quantum of high energy, Dr. Chadwick continued. “But all the evidence so far has been in favor of the neutron. The quantum hypothesis can only be maintained if conservation of energy and momentum is relinquished at some point. Because neutrons are small and have no electric charge, their range in the air is more than one mile and they can pass through many feet of lead. Carrying no electric charge, they are not repelled by charged atoms which they approach. They can find a way between atoms much more easily than protons and electrons.




  Dr. Chadwick only smiled, however, when asked if his discovery had practical importance.




  “I am afraid neutrons will not be of any use to any one,” he said. “It may be, of course, that the so-called cosmic rays consist of neutrons, but I doubt it.”




  Sir Arthur Eddington is even more dubious than Dr. Chadwick as to the neutron’s importance in explaining cosmic rays.




  “I see no reason for believing cosmic rays are made up of neutrons,” said the noted astronomer-physicist, sitting in his study beneath the dome of Cambridge Observatory. “In fact, that is the aspect of Dr. Chadwick’s discovery which interests me the least.




  “But I think it is a tremendously important discovery in helping us to understand the structure of nuclei. Hitherto the simplest nucleus we have known has been of six particles in combination. Now we have a nucleus apparently consisting of two particles bound together. In this way Dr. Chadwick’s discovery may become important in throwing light on the origin of matter. It will be much easier to investigate the building of a nucleus composed of two particles than one of six.”




  Sir Arthur did not witness the actual experiments leading to the discovery, but he examined photographs and said he was greatly impressed with them. In one way, he explained, it was an advantage that the neutron could not be seen.




  “When alpha rays are photographed,” he said, “the plate is all cluttered up with traces of rays which fail to reach their objective inside the atom and usually they hide the most interesting part of the picture. In the case of neutrons, the photograph gives clear evidence of the disrupted atom.”




  —February 29, 1932




  




   




  Bombardment of Atoms




  If we are ever to find out how matter is constituted we must break up the atom. This means that it must be blasted open. Now an atom consists of a highly complicated nucleus of protons and electrons, around which from one to 92 negative electrons are grouped. The electric forces that hold such a structure together are terrific. It takes energy to break through the outer electrons and to reach the inner nucleus.




  Lord Rutherford was the first to succeed in this bombardment. He used alpha particles (helium nuclei) ejected by radium so energetically that they have a speed of 12,000 miles a second. It was thus that he managed to break down some elements and to bring about transmutation.




  While the energy represented by 12,000 miles a second is high, it is not high enough. Rutherford did little more than chip the nuclei of a score of atoms. Nothing but a complete disruption will satisfy the physicist. So we find experimenters all over the world devising apparatus which would have done Edison credit and which is designed to impart to electrons, protons and alpha particles speeds of 80,000 miles a second and more.




  The striking energy of a hammer depends upon its mass and its speed. Electrons have been used in atom bombarding. Their mass, however, is low. A proton is 1,840 times as massive as an electron. Give it speed enough and it ought to plow through the outer electrons of an atom and strike the nucleus. It was thus that John Cockroft and Ernest Walton proceeded in their disruption of lithium and thus that Professor Ernest O. Lawrence of the University of California split atoms.




  A Question of Apparatus




  To deliver a blow represented by a million volts, it is usually the practice to apply energy of at least a million. There is no insuperable difficulty in thus obtaining accelerating voltages of many millions, but the size of the apparatus and of the laboratory that contains it, not to mention the cost, increases rapidly with the voltage.




  Professor Lawrence of the University of California and his colleague Professor Milton S. Livingston adopt a different principle. With a huge electromagnet, weighing tons, they whirl protons (heavy hydrogen nuclei) on the slingshot principle. Faster and faster the protons whirl. Wider and wider are the circles that they describe. When their energy is high enough, they are shot through a slit in the containing vessel at the target of atoms. Thus with only 10,000 volts Lawrence has imparted to protons an energy of 1.5 million volts. He hopes to attain 10 million and even 20 million, of course with correspondingly higher starting voltages. What this means may be imagined when it is considered that a proton with only an energy of 1 million volts can cover about 40 miles while an ordinary rifle bullet is traveling a foot.




  Up to the present Lawrence and Livingston have hurled protons at atoms with an energy of 4.8 million volts. Last December they thus disintegrated lithium and boron atoms. About 10 billion protons a second were shot at invisible atomic targets. Hits at the rate of 90 to 118 a minute were made in the case of lithium. Sharpshooting being impossible, it became necessary to discharge billions of projectiles on the chance that once in a while a bull’s-eye would be scored.




  —April 9, 1933




  




   




  Jekyll-Hyde Mind Attributed to Man




  By WILLIAM L. LAURENCE




  The Theory of Complementarity, a new theory of knowledge, based on the concepts of modern atomic physics, was presented in Chicago for the first time before an American audience by Professor Niels Bohr of the University of Copenhagen, originator of the Bohr model of the atom and Nobel Prize winner.




  The new theory is expected by some of the leading scientists here, attending the summer meeting of the American Association for the Advancement of Science, to take its place alongside the relativity and quantum theories as one of the revolutionary developments of modern scientific thought.




  Complementarity is the outgrowth of relativity, quantum mechanics and the Heisenberg principle of uncertainty. The new theory expands the uncertainty principle beyond the realm of atomic physics, where it had been primarily applicable, to include man’s entire relation to the world around him and to all processes of knowing and thinking.




  Briefly, and in non-technical language, Professor Bohr, after a lifetime of contemplation of both the ponderables and the imponderables of the physical and mental world, has come to discover an inherent essential duality in the nature of things, as they relate to man’s ability to know them. The paradox of this duality lies in the fact that the Jekyll-Hyde nature of all things is essentially contradictory, with both aspects being true at different times, but with only one aspect being true at any one given time.




  Duality Held Inescapable




  In other words, the very process of knowing one aspect of nature makes it impossible for us to know the other aspect. We can know only one side of its nature at any one time. There is a definite discontinuity in all things partaking of existence and of knowledge, so that when one thing is true this very truth perforce makes another thing non-existent as far as any possible knowledge on our part is concerned.




  This contradictory duality is inescapable because it lies at the very heart of things.




  It is wrong, according to this theory, to say that there are either free will or determinism, causality or chance. Both are essential parts of one and the same reality, the convex and concave sides of the same sphere. Both are true at different times, but it is never possible to know both at one and the same time. When you are inside the sphere, the sphere is concave and it is never possible to experience its convex aspect. In that case it is impossible to have any knowledge of the convex aspect. When one gets outside the sphere, only the convex side becomes the reality.




  Dr. Bohr told the story of how he and Einstein had recently joined intellects to find a way somehow to get around the troublesome principle of uncertainty, according to which it is possible to determine either the position or the velocity of an electron but absolutely impossible to determine both the position and the velocity at the same time.




  Thwarted by Uncertainty




  After wrestling with the problem for many days, the two super-minds believed for a time that they had accomplished their ends. Jubilantly they began working out the details of their solution only to find themselves in another intellectual vicious circle. After believing that they had succeeded in killing the monster of “uncertainty,” it was there, Mephistopheles-like in another form, mocking at them.




  This finally convinced both Bohr and Einstein that the “uncertainty principle” is not the result of a lack in our knowledge but is an inherent part of the very mechanism of knowledge. Trying to get around “uncertainty” in nature would be, to use a wholly unscientific phrase, like trying to preserve the hole while at the same time wanting to eat the doughnut.




  The uncertainty principle, one of the most startling developments in modern physics, was first announced by Professor Werner Heisenberg of Leipzig in 1925, and created as much of a sensation in scientific circles as did the original announcement of the theory of relativity.




  Science, depending for its results on accurate measuring instruments and on observation, discovered an inherent weakness in its fundamental structure. It found that in order to observe anything you must have light to see it by. Yet it found to its consternation that light does something to the object observed, changing it somehow, so that actually one could never hope to observe any object at any particular position as it really is before the light had affected it.




  Points to Effect of Light




  The effect of the light on an observed object does not mean merely the change in the color of the object. Light, it was found by Professor Arthur H. Compton of the University of Chicago, another Nobel Prize winner, acts in the manner of a small bullet when played on an electron, so that it collides with it and changes its momentum and its energy.




  By the intricate laws of quantum mechanics, theoretical physics has devised means which make it possible to determine either the position of an electron or its velocity. But the “principle of uncertainty” decrees that one cannot determine both the position and the velocity of an electron at the same time.




  In his address Dr. Bohr first pointed out that our recently gained knowledge of atoms and molecules demanded fundamental changes in our general philosophical outlook.




  “We have been forced to recognize,” Professor Bohr said, “that we must modify not only all our concepts of classical physics but even the ideas we use in everyday life—such as our ideas of space and time.




  “Indeed, the features which are so characteristic of atomic phenomena are of such a nature that they cannot be analyzed in ordinary mechanical and electrodynamic concepts, and we have to renounce a description of phenomena based on the concept of cause and effect.




  “However, since all measurements must ultimately be interpreted on the basis of classical ideas, we cannot desert or modify these ideas but are compelled to apply them also in our description of atomic phenomena.




  “We are thus led to a description of the universe which is ‘complementary’; that is, in quantum mechanics the application of any classical concept will invariably exclude the simultaneous use of other classical concepts.




  “Logically speaking, it is this peculiar ‘complementarity’ which leaves room for the atomic phenomena, and the principle of uncertainty.”




  The apparent contradiction between classical physics and modern atomic physics, according to Professor Bohr, does not mean that both one and the other are wrong or that one must be discarded in favor of the other.




  On the contrary, Dr. Bohr holds, this realization of the “complementarity” of our knowledge furnishes us with the long-looked-for bridge with which to link the contradictory concepts of classical and atomic physics.




  This “bridge” is our recognition as a fact, or rather as an axiom, that we can apply any classical concept to any modern concept of the quantum theory or of relativity, but that we cannot apply any more than one classical concept at the time.




  The difficulty in the apparent inability of modern thought to reconcile the old concepts with the new lies in the fact, Dr. Bohr holds, that we tried to apply all the old concepts to all the new concepts simultaneously. If we do it one concept at a time, the apparent contradictions disappear.




  Dr. Compton Presides




  Dr. Compton, whose work on the collision of photons, such as light and X-rays with electrons, led to the formulation of the “uncertainty principle,” and thus directly to the Bohr theory of complementarity, presided at the meeting, which was held in the Illinois Host Building of the Century of Progress Exposition.




  After the meeting Dr. Compton remarked that Dr. Bohr’s address was a “brilliant presentation, such as one only of Dr. Bohr’s caliber was capable of, which brings into harmony the electron theory, the quantum theory and the theory of relativity.”




  —June 23, 1933




  




   




  Magnification Is Trebled by Electron Microscope




  A microscope that uses electrons instead of light rays to “see” tiny objects has been developed by Dr. Edward Kuska and reported in the German scientific publication Zeitschrift für Physik.




  By magnification in two stages the German scientist has obtained a device capable of enlarging the apparent size of objects some 10,000 times. The maximum magnification usually possible with ordinary optical instruments is 3,500 times.




  Whether electrons or light rays are used in a microscope, they must be brought into focus. For electrons a magnetic field is used for this purpose, since the electron’s charge makes it react in a magnetic field.




  The electron microscope has theoretically a resolving power 1,000 times greater than that of a microscope using light.




  —July 25, 1934




  




   




  Fermi Measures Speed of Neutron




  Professor Enrico Fermi of Italy reported before the International Conference on Physics in Cambridge, England, that he had measured the time it takes for “an irresistible force” to traverse “an immovable body.”




  He said that when a neutron, the most penetrating particle so far discovered in nature, was hurled against the nucleus of an atom, the most impenetrable citadel of matter, the neutron penetrated inside the nucleus, but remained there only one thousand million million millionths of a second—this being the time needed for the neutron to traverse a distance of one million millionth of a centimeter.




  Dr. Fermi, one of the world’s leading physicists, bombarded atoms of uranium, the heaviest of all the elements, with neutrons, and by this process of modern alchemy transformed the uranium into another element. At first it was believed that the new element was a superuranium, heavier than any element produced by nature and occupying No. 93 on the periodic table of elements, on which uranium occupies the last place, or 92. It is now generally believed, however, that the new element created by Dr. Fermi is an isotope of protactinium, Element 91.




  So powerful is the neutron, Dr. Fermi reported, that it seems to penetrate the nuclei of the heavy elements with the same ease as it does those of the light elements.




  It now seems probable, he said, that the disintegration of elements by the bombardment of neutrons does not depend on their atomic weight, as the heavy elements apparently can be transmuted by the battering of the neutrons as easily as the light.




  There apparently exists a difference, however, in the mechanism of the disintegration of the heavy and light elements, respectively, he added.




  Tells Neutron’s Power




  Dr. James Chadwick, discoverer of the neutron, addressing the conference in Cambridge, an ancient city which is now the world’s greatest center of experimental physics, showed how far the knowledge of atomic transformations had progressed since the wintry day in 1932 when he detected the new ultimate particle at Cavendish Laboratory and called it the neutron.




  By now, according to Dr. Chadwick, the neutron has proved to be the most powerful instrument for breaking up atoms.




  “Even slow neutrons are able to penetrate into a heavy nucleus,” he said. “As neutrons are uncharged, they are not repelled by nuclei. Thus we may expect the neutron to prove more effective than the alpha particles as a promoter of nuclear transformations. These general considerations have been supported by experiments.”




  Both light and heavy elements can be transformed by a stream of neutrons, he continued. He cited cases in which the disintegration of heavy elements by neutrons had led to the production of artificial radioactivity, but he warned that there was no reason to suppose such a phenomenon would always result.




  —October 5, 1934




  




   




  Bohr and Einstein at Odds




  By WILLIAM L. LAURENCE




  [image: image]




  The world of science is watching with the keenest interest the development of a modern controversy which promises to take its place along with the other historic controversies in the realms of philosophy and science. The participants are Albert Einstein and Niels Bohr (shown here), two men who have achieved the rare distinction of having joined the ranks of the immortals during their lifetime. The subject concerns the fundamental nature of physical reality, the problem of problems which has engaged the minds of all great philosophers, poets and scientists throughout the course of human history.




  The Einstein-Bohr controversy has just begun this week in the current issue of Nature, the British scientific publication, with a preliminary challenge by Professor Bohr to Professor Einstein and with a promise by Professor Bohr that “a fuller development of this argument will be given in an article to be published shortly in the Physical Review.” Undoubtedly, Professor Einstein will accept the challenge and very likely Professor Bohr will answer, and there is the possibility that other leading scientists will enter the arena.




  Bohr’s challenge has no relation to Einstein’s theory of relativity, with which he is in full agreement, but concerns itself with a defense of the quantum theory, particularly the famous Principle of Uncertainty, which states that both the position and velocity of a particle cannot be accurately known at the same time. The challenge comes in reply to an attack on the quantum theory in an article by Einstein in a recent issue of the Physical Review, written in collaboration with Drs. Boris Podolsky and Nathan Rosen, of the Institute for Advanced Study, Princeton, New Jersey.




  Cornerstone of Science




  The quantum theory, uncertainty principle and all, constitutes one of the very cornerstones of modern science. All modern knowledge on the structure and constitution of the atom is based on its principles. Einstein himself played an important part in its development. Yet, with the characteristic boldness that stamps his other scientific contributions, Einstein announced his conclusion that the quantum theory is “incomplete” for the reason that it does not provide “a complete description of physical reality,” and added his belief that another theory must exist which does provide a complete picture of the universe around us.




  Professor Einstein’s position, as explained by Dr. Podolsky, may be summarized as follows: Physicists believe that there exist real material things independent of our minds and theories. We construct theories and invent words (such as electron, proton, positron, neutron, etc.) in an attempt to explain to ourselves what we know about our external world and to help us to obtain further knowledge of it.




  Before a theory can be considered satisfactory, Einstein and his colleagues hold, it must pass two severe tests. First, the theory must enable us to calculate facts of nature, and these calculations must agree accurately with observations and experiments. Second, we expect a satisfactory theory, as a good image of objective reality, to contain a counterpart for every element of the physical world.




  A theory satisfying the first requirement may be called a “correct theory,” according to Einstein, while, if it satisfies the second requirement, it may be called a “complete theory.” The quantum theory, he maintains, fulfills the first requirement of being “correct,” but it does not fulfill the second requirement, and is, therefore, “incomplete.”




  Theory “Incomplete”




  The “incompleteness” of the quantum theory, according to Einstein, lies in the startling results of its uncertainty principle, one of the most revolutionary developments in the realm of thought. On the one hand, it tells us that a collision between a bullet of light, or a light quantum, and a particle of matter, such as an electron, follows the same fundamental principles of the conservation of energy and the conservation of momentum as does a collision between two billiard balls.




  But whereas it is possible to predict from the behavior of the billiard balls before the collision how they will move after it, no such prediction can be made, the uncertainty principle tells us, concerning a collision between a bullet of light and an electron. We can measure accurately either the position of the electron or its velocity after collision, but we can never measure both at the same time.




  This is not merely a statement of a didactic principle but an experimental fact. No one so far has been able to predict in actual experiment how both the electron and the bullet of light will bounce away after collision.




  Since the ability to predict how two bodies will behave under given conditions is inherently linked in our minds with our ideas of cause and effect, the discovery that the behavior of the constituents of the atoms of which the universe is made up is essentially unpredictable led to the conviction among modern scientists that the universe as a whole, instead of being governed by immutable laws of cause and effect, in an endless chain of interactions between physical bodies and energy states, is, after all, governed by mere chance. Indeterminism thus took the place of determinism, and nature ceased to be intrinsically either understandable or subject to immutable law.




  It is against this aspect of the quantum theory that Einstein rebels. He refuses to believe that such a picture actually fits reality. Unlike Sir Arthur Eddington, who once said that no facts are true until they have been corroborated by theory, Einstein holds that no theory is true until it embraces all the facts. If, like the quantum theory, it can explain the facts individually, but cannot explain some of them when acting together, something must be lacking in the theory, and another theory must exist that gives a more complete picture of reality.




  Suppose we gaze at reality through a distorted mirror. Should we assume that reality itself is distorted? Thus argues Einstein. But, the champions of the quantum theory reply, suppose the only means available to us for gazing at reality is this one and only mirror? How can you tell, under such circumstances, whether or not the mirror is distorted? To which Einstein replies: I have two mirrors, and each gives me a picture irreconcilable with that of the other. There must be a third mirror, in which these contradictions would be reconciled.




  Question of Dualism




  And right here Bohr, Nobel Prize winner and originator of the Bohr model of the atom, takes issue with Einstein. The trouble with you, he tells Einstein, is that you are a monist who believes that there must exist one unified picture of the whole universe. This is impossible, for the universe itself is made up of an inherent dualism. You are not really looking at the world through two distinct mirrors; what you are actually looking at is a universe with a dual personality, for the universe itself is a cosmic prototype of a Dr. Jekyll and Mr. Hyde.




  This is the essence of what Bohr calls “complementarity.” Nature has a “dual aspect in which, by a paradox inherent in its very essence, things are fundamentally contradictory; both aspects are true at different times, but only one aspect is true at any one given time. When the one thing is true the very truth of it perforce makes another thing non-existent as far as any possible knowledge on our part is concerned.”




  It is incorrect, therefore, Bohr tells Einstein, to say that there is either free will or determinism, causality or chance. Both are essential parts of one and the same reality, the convex and concave side of the same sphere. Both are true at different times, but it is not possible to know both at the same time.




  The uncertainty principle, Bohr is convinced, is not the result of a lack in our knowledge, as Einstein has grown to believe, but an inherent part of the very mechanism of knowledge.




  In this respect we are in a position similar to that of the legendary Lady of Shalott who could look at the reality of “many-tower’d Camelot” only through the magic mirror. The minute she became “half sick of shadows” and “look’d down to Camelot . . . the mirror crack’d from side to side” so that she had no means left of comparing the shadows she had seen throughout her life in the mirror with the corresponding reality that was Camelot outside her window.




  The quantum theory, according to Einstein, is like the Lady of Shalott’s mirror—it gives a correct reflection so long as you look into it, but when you want to turn from it to compare the reflection with the original, it “cracks from side to side.” Such a mirror is undesirable, Einstein holds.




  To this Bohr might reply: The fault lies not in the mirror, but in the fact that there is a curse upon the Lady of Shalott. And the Lady of Shalott in this case would symbolize the very essential nature of human knowledge. We may know things only in their contradictory duality and we never can know them otherwise.




  —July 28, 1935




  




   




  Super-microscope Claimed by Reich




  A super-microscope, using electrons and photographic tracers, is reported to have been invented in the famous Siemens-Halske Laboratory in Berlin, producing an enlargement of 100,000 times. To date, Germans claim, enlargement of only 2,000 times was possible.




  Method Used Here




  High-speed electrons, when used instead of light for microscopic observational purposes, make it “potentially possible” to achieve about 100,000 times the resolving power obtainable with ordinary light, it was explained.




  Since the wavelength of an electron is about one one-hundred-thousandths of that of ordinary light, this amount of gain is very near the theoretical limit to which such magnifications could be carried because the resolving power of any microscopic system, “is inversely proportional to the wavelength” of the medium employed.




  A description of the development of the Siemens-Halske supermicroscope, published Feb. 25, 1938 in the Wissenschaftliche Veroeffentlichungen aus den Siemens-Werken (Scientific Publication from the Siemens Works), reveals that voltages up to 80,000 were employed in the device.




  First the electrons are generated and accelerated by the high voltages used, condensed into parallel rays by a magnetic coil and passed through the specimen to be studied, through another magnetic coil functioning like an “objective lens,” then through a third coil serving as a “projector lens.” Following this, the electrons strike a photographic plate where the projected pattern is recorded.




  In the electron microscope, it was said, coils of wire through which electric currents are passed serve to concentrate or project the electron beams in exactly the same way as glass lenses serve their purposes in the optical microscope. One of the photographs accompanying the description portrayed a 20,400-fold magnification of bodies of the staphylococcus aureus, causing them to appear as large as marbles.




  When a bacteriologist views the staphylococcus aureus (germ that causes boils and skin diseases) under the 1,000- to 1,200-power magnification of the ordinary physician’s optical microscope, the germ appears about the size of a pinhead.




  Dr. C. J. Davisson of the Bell Telephone Laboratories, 1937 Nobel Prize winner in physics, was among the first to conduct research work on the electron microscope, according to a representative of the laboratories. However, it was said that Dr. Davisson did not carry his experiments into the field of very high voltages to obtain great magnifications. Very high voltages, it was found, are especially destructive of the matter being studied because of the terrific speeds with which the electrons bombard the object.




  Pursuing the study of microscopics along other lines, the Bell Laboratory produced instruments utilizing ultraviolet light and quartz lenses with which magnifications up to 7,000 diameters were obtained.




  —May 26, 1938




  




   




  Discovery of the Antiproton Ends a Long


  Search, Confirms Einstein’s Equation




  By WALDEMAR KAEMPFFERT




  Important though it is the announcement from the University of California that, with the aid of its 6.2-billion-volt Bevatron, Drs. Owen Chamberlain, Emilio Segrè, Clyde Wiegand and Thomas Ypsilantis, and Edward J. Lofgren and Herbert Steiner have discovered the antiproton (negative proton) comes as no great surprise. Physicists have been searching for the antiproton for about 30 years. Nobel prize-winner Paul Dirac thought he had discovered it, but his discovery turned out to be the positron or positive electron. It was a mathematical discovery, a prediction that there must be such a thing. Later the positron was discovered by Dr. Carl Anderson at the California Institute of Technology. The function of the positron in the cosmic rays in radioactive disintegration was not apparent at first. So it is with the antiproton. Physicists do not know what to do with this new particle.




  The nucleus of an atom is composed of neutrons, which have no electrical charge, as the name implies, and of protons, which are the cores of hydrogen atoms and which are positively charged. What holds the nucleus of an atom together? The answer is what the physicists call “binding energy,” a hypothetical force that is far more powerful than gravitation. Physicists would like something that is not so speculative. It would seem that in the antiproton they have exactly what they want. But they know the antiproton will not serve. When two particles of opposite signs are brought together, they annihilate each other. That is what happens when a positive electron (positron) meets an ordinary electron, which is negative. Physicists will not change their conception of the nucleus because of the discovery of the antiproton. They will still have to speculate about “binding energy.” But is likely that the antiproton will help them to explain more simply phenomena that are baffling—just what happened when the positron was added to the list of fundamental particles. It may well be that mysteries still associated with the cosmic rays will be more cogently explained than is possible now.




  Bevatron in Action




  The antiproton was created in the Bevatron, a huge atom-smashing machine for which the Atomic Energy Commission paid $9.5 million to foster fundamental atomic research. Until the Bevatron was built, it was impossible to find out whether there was an anti-proton. The older atom-smashing machines were not powerful enough to batter target atoms with sufficient energy. Probably the antiproton will be discovered in the atmosphere with the aid of cosmic rays, which are even more powerful than those produced by the Bevatron.




  What happens in the Bevatron confirms Einstein’s famous mass-energy equation which says that energy can be converted into mass and mass into energy. In the Bevatron protons are accelerated; that is, they are given ever higher and higher speed until the maximum is reached. At this critical point they are hurled against a target of copper. When a proton with an energy of 6.2 billion volts smashes into a neutron in the copper target atoms, strange things happen. Out of the collision of the proton projectile and the struck neutron comes a brand new pair of heavy particles, a proton and an antiproton. Part of the bombarding proton’s energy is converted into mass in accordance with Einstein’s equation. This part is the antiproton. So the antiproton is born out of nothing but energy— the highest that man has so far been able to produce.




  Unstable and Floating




  This antiproton is annihilated when it encounters another proton or a neutron. When the two collide they decay into mesons, which are short-lived particles that appear when cosmic rays bombard atoms in the air. The mesons, in turn, vanish almost as soon as they are born, which helps to explain why the antiproton is so unstable and fleeting, except in a vacuum.




  The discovery of the antiproton was one of the objectives that the University of California physicists had in view when they designed the Bevatron. Long before the machine was built, the physicists knew what the characteristics of the antiproton should be, such as its speed and its effect on the proton or neutron that it struck. It was necessary to look for a particle that had those characteristics. This was done with appropriate instruments.




  —October 23, 1955




  




   




  Discovery of New Particle


  Called “Crucial Test” of Theory




  By WALTER SULLIVAN




  Detection of the new subatomic particle, the omega-minus, was described by its discoverers as a “crucial test” of a theory that could mark a turning point in particle physics.




  It may play a role in bringing order out of the chaos of subatomic particles comparable to that played by the periodic table of elements. The latter was devised about 1870 by the great Russian chemist Dmitri Ivanovich Medeleev.




  By arranging the elements in parallel columns, according to their atomic weights, Medeleev showed that they fell into groups with common properties. Furthermore, there were obvious gaps in the table and these enabled him not only to predict the discovery of new elements, but their properties as well.




  Moreover, the fact that the elements fell into such a striking arrangement showed that there was an inner symmetry in the structures of these atoms—a symmetry that was yet to be discovered.




  This is what now has happened on the much more fundamental level of the atomic particles. In Medeleev’s case the discovery of his three predicted elements, gallium, scandium and germanium, persuaded the scientific world of the validity of his hypothesis. The omega-minus performs the same role, in that its properties are peculiar and would have been unexpected but for the concept known as “the Eightfold Way.”




  This theory was proposed independently, early in 1961, by Dr. Murray Gell-Mann at the California Institute of Technology and Dr. Yuval Ne’eman of the Imperial College of Science and Technology in London. Dr. Ne’eman, strange to say, was a newcomer to physics. He was a colonel in the Israeli Army who suddenly decided to turn physicist.




  The theory did not come to them out of the blue. Others had recognized various symmetries and relationships between the subatomic particles. Likewise, Medeleev’s predecessors had experimented with groupings of elements. In both cases it was dramatic success in prediction that demonstrated the validity of the theory.




  As Dr. Maurice Goldhaber, director of the Brookhaven National Laboratory, Upton, Long Island, put it at a news conference, “Most people smiled when they spoke about the Eightfold Way.” They do not smile any longer.




  It was with the world’s most powerful accelerator, or atom smasher, at Brookhaven that the omega-minus was discovered. The experiment is described in the issue of Physical Review Letters dated Feb. 24, 1964. The scope and importance of the experiment is illustrated by the fact that the report is signed by 33 participants.




  The proliferation of particles produced when the nuclei of atoms are broken apart by high-energy bombardment has been a source of dismay to physicists. The number of such particles, including some that, because of their extremely short lifetimes, are called “resonances,” is at least 82. The discovery of the omegaminus, however, has been a cause for rejoicing.




  The Eightfold Way was suggested by a form of algebra developed in the last century by the Norwegian Sophus Lie. Part of this algebra deals with eight components and this seemed to Dr. Gell-Mann and Dr. Ne’eman to be applicable to eight “conserved quantities” characteristic of the various particles.




  These quantities in general cannot be explained in terms of familiar concepts, in that they involve mathematical relationships. For example, one of them, “isotopic spin,” is derived from the electric charges characteristic of a particular group of particles.




  Some particles have a positive charge, some a negative one and some have no charge at all—a zero charge. One kind has two positive charges. Isotopic spin is an arbitrary number equal to the number of charge states characteristic of a given particle (plus, minus, etc.) minus one, divided by two.




  For example, a group of particles known as pions appear in three charge states: positive, negative and zero. Their isotopic spin is therefore three minus one, divided by two, which is one.




  The other quantities of the Eightfold Way are similarly derived. Some of them, as stated in an article by Dr. Gell-Mann and others in the February issue of Scientific American, have not yet even been named.




  However, it was found that application of the hypothesis to eight particles, some of which had hitherto seemed quite unrelated, showed them to be, in a sense, variations of the same particle, differing only in energy levels (or mass) and electric charge. The eightfold nature of this symmetry seemed further justification for the title of the theory.




  Further eight-part groupings were identified. However, there was one misfit group of particles, called by Dr. Gell-Mann and his colleagues the deltas, with a mass of 1,238 million electron volts. It is customary in physics to describe the mass of a particle in terms of its equivalent value in energy, mass and energy being interchangeable in nuclear reactions.




  The delta particles, discovered in 1952, appear in four electric states: plus, minus, zero and double-plus. This is the only group of particles with four such states. The eight-part patterns were no more than three units wide and hence could not accommodate four particles. Thus it was proposed that a ten-unit pattern, formed as a triangle or pyramid, was needed to accommodate the deltas.




  The four deltas would form the base. And three sigma particles would form the next layer. The discovery of two xi particles with a mass of 1,530 fit the third layer. Hence, at the 1962 high-energy physics conference in Geneva, Dr. Gell-Mann urged that a search be made for the particle needed to crown this pyramid.




  He described the characteristics that it must have to fit this slot and named it the omega-minus. Its properties were in part based on the work of Dr. Susumu Okubo of the Universities of Rochester and Tokyo.




  Meaning Still Obscure




  Its discovery, in the words of Dr. Goldhaber, “forms the capstone in a building which was so far held together only by the bold imagination of Dr. Gell-Mann and Dr. Ne’eman.”




  Like the periodic table of elements and the complex arrangements of lines in the spectrums of light emitted by atoms, the structures of the Eightfold Way clearly have some inner significance. However, this meaning, in the last-named case, is still obscure.




  The Eightfold Way is described by Dr. Gell-Mann in terms of a new set of 10 particle names that many physicists consider more logical than the old system. Grouped together under each of these 10 names are those heavy particles (baryons) with the same isotopic spin and hypercharge.




  Hypercharge, like isotopic spin, is one of the quantities that determine the patterns of the Eightfold Way. It is related to the average electric charge of a group of particles and to their “strangeness.” The latter is a property of particles so named because it seemed strange when first discovered.




  When particles are defined in terms of these quantities, some with the same name have widely varying masses. It is the assumption of Dr. Gell-Mann and others that these differences in weight are actually differing energy levels in the same particle. In high-energy reactions, such as those required to produce these short-lived fragments, energy is converted into matter and vice versa.




  Search at Brookhaven




  The search for the omega-minus began in late 1963 at several laboratories. At Brookhaven the basic tool was a high-energy beam of protons, or hydrogen nuclei. These smashed into a tungsten target generating a multitude of fragments, including a variety known as negative K mesons.




  With a 400-foot array of magnets and electrostatic separators, these were extracted and directed into an 80-inch bubble chamber. This device, filled with liquid hydrogen at its boiling point, is the world’s largest of its kind. The mesons occasionally struck hydrogen nuclei in this chamber, and researchers hunted for the telltale decay products of the encounter that theoretically might produce the omega-minus.




  The latter would decay, almost immediately, into other particles that could be identified. Thus the omega-minus would be known by its children. On Jan. 31, 1964, one such decay mode was observed and, since then, a second form has been detected.




  Dr. Ralph P. Shutt was in overall charge of the experimental team with Dr. Nicholas Samios responsible for conduct of the experiment. Dr. William B. Fowler was in charge of the bubble chamber and Dr. Medford S. Webster headed the group that produced the K mesons.




  —February 23, 1964




  




   




  Two Men in Search of the Quark




  By LEE EDSON




  In the last couple of years an intensive hunt has been going on all over the world for an elusive quarry known as the quark. This is no Alice-in-Wonderland adventure; far from it. The hunters are some of the world’s leading physicists. The hunting grounds are almost anywhere from the high atmosphere to the bottom of the sea to the inside of the latest atom smashers. One enthusiastic researcher at the University of Michigan even has been grinding up oysters on the theory that an oyster eats almost anything—so why not a quark?




  Despite this painstaking search, the quark so far has remained as hard to track down as Lewis Carroll’s Snark. There is an excellent reason. According to modern theoretical physicists, the quark, if it exists at all, is the simplest particle in the universe, out of which almost everything else is made.




  Capturing this incredibly wraithlike substance may not help us produce superbombs— the implications of gaining new elementary facts about nature depend on how man uses them, whether for war or for peace, and are not ascertainable for years, anyway. But to physicists, the excitement in confronting the quark is something more sublime than the discovery of a new application to everyday life. It is the immediate realization that through it we may uncover the missing linkage to our understanding of the structure of matter throughout the universe.




  The men largely responsible for sending scientists on this wild quark chase are two California Institute of Technology physicists named Murray Gell-Mann and Richard Feynman. Each has won a fistful of high honors. In 1965, Feynman shared the Nobel Prize for his achievements in explaining some of the abstruse mechanisms in the subatomic world. Many physicists think Gell-Mann is next. One California scientist calls the two men “the hottest properties in theoretical physics today.”
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